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Abstract
Background: Limited information exists regarding the factor IX (FIX) coagulant activ-
ity (FIX:C) measured by different assays following FIX- Padua gene therapy.
Objective: Assess for the first time FIX:C in five commonly used coagulation assays in 
plasma samples from hemophilia B subjects receiving FIX- Padua gene transfer.
Methods: FIX:C was compared between central (n = 1) and local laboratories (n = 5) 
in the study, and across four commonly used FIX:C one- stage assays and one FIX:C 
chromogenic assay. For comparison, samples of pooled congenital FIX- deficient 
plasma spiked with purified recombinant human FIX (rHFIX)- Padua protein or rHFIX 
(nonacog alfa) to obtain FIX:C concentrations from ~20% to ~40% were tested.
Results: FIX:C results at local laboratories strongly correlated with central laboratory 
results. However, absolute values at the central laboratory were consistently lower 
than those at local laboratories. Across five different FIX:C assays, a consistent pattern 
of FIX:C was observed for subjects receiving fidanacogene elaparvovec- expressed 
gene transfer. Use of Actin FSL activated partial thromboplastin time (APTT) reagent 
in the central laboratory resulted in lower FIX:C values compared with other APTT 
reagents tested. The chromogenic assay determined lower FIX:C than any of the one- 
stage assays. The rHFIX- Padua protein– spiked samples showed similar results. In con-
trast, FIX:C results for rHFIX- nonacog alfa measured within 25% of expected for all 
one- stage assays and below 25% in the chromogenic assay.
Conclusions: Assay- based differences in FIX:C were observed for fidanacogene 
elaparvovec transgene product and rHFIX- Padua protein, suggesting the variable 
FIX:C determined with different assay reagents is inherent to the FIX- Padua protein 
and is not specific to gene therapy– derived FIX- Padua.
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1  |  INTRODUC TION

Gene therapy for hemophilia B is progressing through clinical 
trials, with a number of active candidates in clinical develop-
ment.1 Fidanacogene elaparvovec (formerly PF- 06838435, SPK- 
9001) is an adeno- associated virus– based vector designed for 
hepatocyte- specific expression of factor IX Padua (FIX- R338L) 
and is currently in phase 3 of clinical development for the treat-
ment of hemophilia B (NCT03861273).1- 4 Preliminary data from 
a phase 1/2a study in 15 adult men with hemophilia B (FIX co-
agulant activity [FIX:C] ≤2%) who received fidanacogene elapa-
rvovec at a dose of 5 × 1011 vg/kg showed that subjects, on 
average, achieved sustained, steady- state FIX activity of 33.7% 
as measured by one- stage clotting assays in local laboratories at 
treatment sites.2 The annualized bleeding rate in participants sig-
nificantly decreased from a mean of 11.1 (range, 0- 48) events per 
year before vector administration to a mean of 0.4 (range, 0- 4) 
events per year after administration (p = .02).2 No serious adverse 
events were reported during or after fidanacogene elaparvovec 
infusion.

The one- stage clotting assay, based on the activated partial 
thromboplastin time (APTT), is the routine method used to evalu-
ate FIX:C to monitor individuals with hemophilia B. A wide variety 
of reagents and assay platforms are in clinical use for one- stage 
clotting assays, leaving considerable potential for variability in 
determined FIX:C. This variability has been shown when mea-
suring novel recombinant FIX products5- 7 and, in fact, has been 
observed when comparing local and central laboratory determi-
nations of FIX:C in plasma from subjects treated with fidanaco-
gene elaparvovec in the phase 1b/2 study. This variability may, 
in part, result from the biochemical basis of FIX- Padua's gain of 
function hemostatic effect. An orthogonal two- stage chromo-
genic assay is also in limited use in the United States (not Food 
and Drug Administration approved) and Europe, with only two 
reagents available (Hyphen BioMed and Rossix). The objective of 
the current study was to assess the FIX:C of the fidanacogene 
elaparvovec– expressed transgene product in plasma samples col-
lected from subjects in the phase 1/2a study2 via comparison for 
the first time of FIX:C between central and local laboratories and 
as determined by four commonly used FIX:C aPTT reagents and 
one FIX:C chromogenic assay.

2  |  METHODS

Details regarding the methodology for the phase 1/2a study, which 
was conducted in North America and Australia, were previously re-
ported.2 Plasma samples collected from subjects treated with fida-
nacogene elaparvovec were tested centrally (Colorado Coagulation, 
Laboratory Corporation of America, Englewood, CO) and locally at 
the site where subjects were being followed using the FIX:C assay 
routinely used by the clinical laboratory at the subject's clinical trial 
enrollment site. All laboratories, local and central, used one- stage 
clotting assays. The central laboratory used the Actin FSL reagent, 
an ellagic acid activator, on a BCS XP analyzer (Siemens Healthcare 
Diagnostics). The following assays were in use at the local labora-
tory sites: TriniCLOT/STA- R Evolution (TCoag, Ireland; TriniCLOT 
Automated APTT contains a platelet factor 3 reagent [rabbit brain 
phospholipids] plus a particulate activator [micronized silica] in 
a suitable buffer), Hemosil aPTT- SP/ACL TOP (Instrumentation 
Laboratory), Dade Actin FS/BCS XP analyzer (Siemens Healthcare 
Diagnostics), STA- PTT/STAR- R analyzer (Diagnostica Stago, Inc.), and 
HemosIL SynthASil, IL- Top analyzer (Instrumentation Laboratory).

Five samples collected from three subjects who received fidanaco-
gene elaparvovec gene therapy in the phase 1/2a study were received 
and stored frozen at −70°C until day of testing. FIX:C was measured 
in four in vitro diagnostic (IVD) FIX:C one- stage clotting assays and 
in one FIX chromogenic assay (Rossix) (Table 1). The FIX APTT one- 
stage clotting assays selected were the most common APTT reagents 
used in College of American Pathologists– accredited laboratories in 
North America in 2017 and represent the three main types of acti-
vators commonly used in the FIX one- stage clotting assay: silica 
(STA- PTT Automate [Diagnostica Stago, Inc.], HemosIL SynthASil 
[Instrumentation Laboratory]), ellagic acid (Dade Actin FSL [Siemens 
Healthcare Diagnostics]), and kaolin (STA- C.K. Prest [Diagnostica 
Stago, Inc.]).8 For comparison, FIX:C was also determined in pooled 
congenital FIX- deficient plasma (George King Bio- Medical, Inc.) spiked 
with purified recombinant human FIX (rHFIX)- Padua protein as de-
scribed by Samelson- Jones et al4 and rHFIX- nonacog alfa product (non-
acog alfa, manufactured by Pfizer Inc., provided by Spark Therapeutics, 
Inc.) in each of the five FIX:C assays. Recombinant human FIX- Padua 
is produced in human embryonic kidney 293 cells, and rHFIX- nonacog 
alfa is produced in Chinese hamster ovary cells.4,9 Based on the as-
sumption that Padua- specific activity of rHFIX is approximately 

Essentials

• Understanding FIX coagulant activity (FIX:C) assay discrepancies during gene therapy is 
critical.

• Assay- dependent differences in FIX:C were observed across the 5 commonly used assays 
tested.

• Although determined FIX:C values varied between assays, there was a correlation between 
assays.

• Assay selection may be important when measuring FIX:C following FIX- Padua gene transfer.
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8- fold higher than that of wild- type FIX, the rHFIX- Padua protein 
was prepared at 20× the protein concentrations of 5000, 3760, and 
2500 ng/ml to approximate FIX:C of 40%, 30%, and 20% (assuming 
approximately 8- fold greater specific activity4) when diluted to final 
concentration in the one- stage clotting assay. Concentrations were 
determined by absorbance at 280 nm using an extinction coefficient 
of 1.32 mg/ml/cm. The rHFIX- nonacog alfa product was prepared at 
20× the FIX:C concentrations of 800%, 600%, and 400%. Both pro-
teins were diluted in 20 mmol/l hydroxyethyl piperazine ethane sul-
fonic acid, 150 mmol/l sodium chloride, 2 mmol/l calcium chloride, and 
0.1% polyethylene glycol- 800, then further diluted 1:20 into pooled 
congenital FIX- deficient plasma on the day of testing to provide sam-
ples with approximate FIX:C of 40%, 30%, and 20%.

The FIX:C assays were calibrated using calibrators with FIX activity 
values provided by the manufacturer in % (IU/dl), traceable to the World 
Health Organization's international standards. Quality control, subject, 
rHFIX- Padua, and rHFIX- nonacog alfa samples were tested at the cen-
tral laboratory in accordance with manufacturer recommendations 
and/or following existing laboratory standard operating procedures. 
Subject samples were tested in singlicate; the rHFIX- Padua– spiked and 
rHFIX- nonacog alfa– spiked plasma samples were tested in triplicate. 
Sample testing in the respective IVD FIX one- stage clotting assays was 
performed at three dilutions prepared by the coagulation analyzer, and 
sample testing in the FIX chromogenic assay was performed at single 
dilution. To standardize, the reported FIX one- stage clotting result was 
determined using an algorithm that assessed sample linearity and paral-
lelism to the calibration curve using at least two dilution results.

3  |  RESULTS AND DISCUSSION

Steady- state FIX:C from the first 15 subjects in the study revealed a 
strong correlation between results obtained at local laboratory sites and 
those obtained at the central laboratory. However, the absolute values 
obtained at the central laboratory were consistently lower than those 
obtained at local laboratories. Results from the pairwise comparison be-
tween FIX:C as determined by local laboratory analysis versus central 
laboratory analysis for every sample assayed in the study are shown in 
Figure 1. On average, results from the local laboratories were approxi-
mately 60% higher than results measured in the central laboratory.

To gain further insight into the difference between central and 
local laboratory results, select subject plasma samples, representa-
tive of the range of FIX:C seen in the phase 1/2 study, were also 
measured in four commonly used IVD- approved FIX:C one- stage 
clotting assays and in a single FIX:C chromogenic assay. In these 
FIX:C assays, the plasma samples from subjects receiving fidanacog-
ene elaparvovec gene therapy showed a consistent pattern of FIX:C 
activity in the five assays tested (Figure 2). However, results for the 
individual assays differed. For the APTT- based FIX:C assays, Actin 
FSL gave the lowest FIX:C values, whereas STA- PTT Automate gave 
the highest FIX:C values for most samples. The highest observed 

TA B L E  1  Commonly used FDA- approved FIX:C one- stage clot and chromogenic assay systems

Parameter FIX:C APTT One- stage Clotting Assays
FIX:C Chromogenic 
Assay

Manufacturer Siemens Healthcare 
Diagnostics

Instrumentation 
Laboratory

Diagnostica Stago Diagnostica Stago ROSSIX

Instrument BCS XP ACL TOP STA- R Evolution STA- R Evolution BCS XP

Reagent Actin FSL HemosIL SynthASil STA- C.K. Prest STA- PTT Automate ROX Factor IX Kit

Activator Ellagic acid Silica Kaolin Silica NA

% CAP- accredited 
laboratories (2017)

23% 26% 5% 34% NA

Abbreviations: APTT, activated partial thromboplastin time; CAP, College of American Pathologists; FDA, US Food and Drug Administration; FIX, 
factor IX; FIX:C, coagulant activity of factor IX; NA, not applicable.

F I G U R E  1  Pairwise comparison of FIX:C at local laboratories 
versus the central laboratory for subjects enrolled in the phase 
1/2a fidanacogene elaparvovec study. Linear model of the formula 
FIX_local = a + b*FIX_central was fit to steady- state FIX:C data 
to quantify the relationship between local and central laboratory 
values. The linear model had the following estimates of the 
coefficients: a = −0.26 (95% CI, −5.86 to 5.34; p = .92); b = 1.60 
(95% CI, 1.38- 1.83; p < .001). Data are color- coded by individual 
subjects. CI, confidence interval; FIX:C, coagulant activity of 
factor IX
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values across all of the subjects’ samples fell within a range of 1.5-  to 
1.9- fold higher than the lowest observed values. For all samples, the 
chromogenic assay gave the lowest FIX:C values; the observed FIX:C 
values were also less variable across subjects with the chromogenic 
assay than with the one- stage clotting assays.

A similar FIX:C assay reagent– dependent pattern was observed 
for samples spiked with purified rHFIX- Padua to approximate FIX:C 
of 40%, 30%, and 20% of normal (Figure 3A). Like the FIX- Padua 
gene therapy subject samples, the same relative differences were 
observed with the different reagents in the one- stage clotting as-
says with the recombinant FIX- Padua protein: Actin FSL produced 
the lowest values and STA- PTT Automate tended to produce the 
highest values. The chromogenic assay provided the lowest activity 
levels for the rHFIX- Padua– spiked samples.

In contrast to the rHFIX- Padua– spiked plasma samples, rHFIX- 
nonacog alfa– spiked plasma samples recovered within an acceptable 
range of expected concentrations (±25%) in all of the APTT- based 
IVD- approved FIX:C assays (Figure 3B). This finding could, in part, be 
due to distinct posttranslational modifications imparted to the ex-
pressed protein by distinct cell lines. Concentrations observed with 
the chromogenic assay were 26.0%, 20.7%, and 13.0% for the 40%, 
30%, and 20% rHFIX- nonacog alfa– spiked samples, respectively. 
These values were lower than those observed with the one- stage 
clotting assays. These effects are likely magnified in the rHFIX- 
Padua samples because of the high specific activity of the variant 
protein.

Assay- based discrepancies in FIX and FVIII activity for the diag-
nosis of hemophilia and for the measured potency of plasma- derived 
factor concentrates and recombinant replacement factors are well 
established.5,10- 14 Differences in assay methodologies, activation 
time, and reagent composition (activator and phospholipid content) 

may result in variable measurements that complicate label standard-
ization of potency across currently available products and gene ther-
apy products, based on not only adeno- associated virus technology 
but other vector systems as well.14,15 Chromogenic FIX assays only 
recently became available but consistently provide different results 
for some of the rHFIX products versus the one- stage clotting FIX 
assays; discrepancies also have been reported between FVIII chro-
mogenic and one- stage clotting FVIII assays for recombinant factor 
replacement products and for gene therapy products.13,16- 20 At pres-
ent, one- stage clotting assays are used in clinical practice to measure 
the labeled potency of approved FIX therapeutics and to monitor 
individuals undergoing therapy.14,17 With the advent of gene ther-
apy via recombinant adeno- associated viral vectors for hemophilia, 
assessment of factor activity following vector administration is a 
key outcome of interest for the assessment of therapeutic efficacy; 
therefore, the understanding and quantification of assay discrepan-
cies are important.

In the current analysis, plasma samples from subjects receiving 
fidanacogene elaparvovec showed a strong correlation between 
measurements from local laboratories and the central laboratory. 
However, consistently lower values were obtained with the FIX:C 
assay used at the central laboratory (Actin FSL reagent on BCS XP 
instrument). When first noted, an investigation of sample handling, 
shipping, and stability was performed, and variations in sample han-
dling, shipping, and stability were ruled out as causes of the noted 
differences. The lower activity levels were confirmed in the com-
parison of commonly used IVD- approved FIX:C one- stage clotting 
assays in North America. The APTT reagent- dependent differences 
observed in our results showed the lowest recovery for FIX- Padua 
transgene product and rHFIX- Padua protein for the Actin FSL one- 
stage clotting assay, which uses lipids derived from both soy and 

F I G U R E  2  FIX:C measured in plasma from subjects who received fidanacogene elaparvovec gene therapy. FIX:C, coagulant activity of 
factor IX
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rabbit brains. The use of the chromogenic assay resulted in the low-
est determined FIX:C of the two FIX proteins. The reasons for these 
differences are not clear at this point. Samelson- Jones et al. have 
shown that the enhanced activity of recombinant and transgene- 
expressed FIX- Padua is critically dependent on the interaction be-
tween FIXa and FVIIIa; thus, differing efficiencies of generating FIXa 
or FVIIIa by different activator reagents may lead to larger discrep-
ancies when measuring FIX- Padua.4 The hyperactivity of FIX- Padua 
likely facilitates the detection of small differences between one- 
stage clotting assays.

The impact of specific differences in assay methodologies, in-
struments, and reagents on the measurement of FIX- Padua activ-
ity is not known at this time and could not be determined from the 

analyses of limited subject samples. Clinical correlation of subject 
outcomes with determined FIX:C will be important. Preliminarily, 
clinical outcomes appear to correlate with the one- stage clotting 
assay results.2,21 However, these differences suggest that FIX:C 
assay selection may also be an important consideration when 
measuring FIX- Padua activity. The differences in the determined 
FIX- Padua FIX:C among the reagents are likely attributable to the 
inherent biochemistry of the Padua protein. The similarities in assay- 
specific FIX:C one- stage clotting and FIX chromogenic results be-
tween the transgene, recombinant Padua products and the analysis 
of samples of the original family possessing the FIX- Padua muta-
tion indicate that assay- based differences are not specific to gene 
therapy– derived or IVD FIX- Padua.22 Given the high percentage of 

F I G U R E  3  FIX:C measured in FIX- deficient plasma spiked with (A) rHFIX- Padua protein and with (B) rHFIX- nonacog alfa. Dashed lines 
represent the ±25% limits for results for each approximate sample concentration (40%, 30%, and 20%). FIX, factor IX; FIX:C, coagulant 
activity of factor IX; rH, recombinant human
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FIX gene therapies currently in development using the Padua muta-
tion in their transgene,1 a better understanding of FIX:C assay dis-
crepancies and assay performance for measuring response to these 
FIX gene therapies will be critical factors for successful monitoring 
gene therapy in individuals with hemophilia B.
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