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Resistance to activated protein C (APC) is a major risk factor for venous
thrombosis that is caused by a point-mutation in the gene of blood coagulation factor V [1, 2].
This mutation (FV Leiden) renders the FV molecule less susceptible to inactivation by APC,
and is seen in 20-40% of patients with VTE [3]. It is thus the most common hereditary risk
factor for VTE among Caucasians. An increased resistance to APC determined with a
thrombin generation-based test in patients with the FV Leiden mutation has shown a good
correlation between APC sensitivity ratios (APCsr) and the risk of venous thrombosis in
carriers of FV Leiden [4, 5]. D-dimer measurements have also been used for predicting
recurrent VTE and measured after withdrawal of oral anticoagulant treatment D-dimer had
some predictive value with regard to reccurrence, but the overall discriminative power was
quite poor (AUC 0.59 ± 0.03) [6-10]. The risks of DVT with the joint presence of high Ddimer and FV Leiden was increased 12.4 –fold and were thus supra-additive in a prospective
case-control study [11]. There is a need for more specific laboratory markers that can be used
to predict an elevated risk for recurrent VTE, especially in patients without hereditary risk
factors for thrombophilia.
A new sensitive sandwich immunofluorimetric assay for measurements of the
complex between APC and the protein C inhibitor (APC-PCI complex) has been devised
[12,13]. This method employs a monoclonal antibody that is specific for the loop-inserted
form of the inhibitor, i.e. PCI that is in complex with APC. Un-complexed native PCI, which
exists in a 104-fold molar excess over the APC-PCI complex has no affinity for the antibody.
As a so-called reporter antibody a monoclonal antibody against protein C is used. Due to the
activation of protein C by thrombin bound to thrombomodulin, and the subsequent
inactivation of APC by PCI, the concentration of the APC-PCI complex is a sensitive
indicator of the degree of activation of blood coagulation. Increased levels of APC-PCI have
been observed in hyper-coagulation states both affecting the venous and arterial systems such
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as deep vein thrombosis (DVT), pulmonary embolism, disseminated intravascular coagulation
and myocardial infarction (MI) [14-16]. Measured with our method in patients with VTE and
MI, ROC-analysis demonstrated an equal or better discriminative capacity than other markers
of hypercoagulability such as F1+2, TAT, SFM and D-dimer [17-18]. The aim of the present
study is to find out if there is a difference in APC-PCI concentration indicating different
degrees of thrombin generation between carriers and non-carriers of the FV Leiden mutation
in patients with a previous history of VTE.
Venous blood was drawn after information and written consent. It was collected
in 5 mL vacuum tubes (Stabilyte, Biopool, Umeå, Sweden) containing citrate with a low pH,
which precludes in vitro formation of the APC-PCI complex [19]. The APC-PCI complex
concentration was measured using the previously described DELFIA assay, which has a
functional sensitivity in Stabilyte-plasma of 0.032 µg/L. Using Stabilyte tubes, the
concentration in healthy individuals was 0.07 to 0.26 µg/L with a mean and median of 0.13
µg/L [19]. The within-run coefficient of variation was 4.8% at 0.15 µg/L and 3.2 % at 0.40
µg/L [19]. The between-run coefficient of variation was 7.1% at 0.15 µg/L and 5.8% at 0.41
µg/L (n=38). Warfarin treatment reduces the APC-PCI concentration [13]. APC-PCI
measurements were made on one occasion on samples stored at –70º C. The samples were
frozen and then thawed once more for measurement of D-dimer with Auto D-dimer (Biopool
AB, Umeå, Sweden). Statistical analyses were performed with SPSS version 11.5 for
Windows (SPSS Inc. Chicago, IL, USA). Non-normally distributed data were expressed as
median and percentiles (10th and 90th). The Mann-Whitney U test was used for bivariate
analysis of continous variables, the Chi square test for nominal variables and Spearman rank
correlation test for correlations. P-values < 0.05 were considered significant.
We compared the APC-PCI complex concentration, in 182 consecutive patients
who were in the recovery phase after cessation of anticoagulant treatment for VTE, with D-
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dimer. At the time for blood sampling, all patients had normal protein C values. Only five
patients included in the study had had more than one thrombotic event, which gives a low
recurrence frequency of 2.75%. The reason for this is that patients with more than one VTEepisode, are usually treated with longterm anticoagulation and were not included in the study.
Exclusion of these five patients did not change the obtained results. Blood samples were
collected two to four weeks after cessation of treatment. The purpose of this study was to
collect samples from 50 patients with heterozygosity for FV Leiden as only risk factor for
thrombosis. All other patients without FV Leiden or any other thrombophilia (G20210A
prothrombin mutation, antithrombin-, protein C- or protein S- deficiency, lupus anticoagulant)
constituted the control group (n=132; Table 1).
The APC-PCI complex concentration was higher in FV Leiden patients with a
previous VTE episode than in patients without hereditary thrombophilia (p<0.001, MannWhitney U test; Table 1, Fig. 1). There was no difference in D-dimer concentrations between
the groups (p=0.13). For APC-PCI concentrations above the 75th percentile (>0.29 µg/L), the
OR for FV Leiden was 3.83 (95% CI 1.88-7.79). In the group of patients without hereditary
thrombophilia, there were several with concentrations of both markers above the 95th
percentile, 12 patients with APC-PCI complex >0.46 µg/L and 16 patients with D-dimer
>0.44 mg/L. Seven of these patients had high concentrations of both markers. To assess
whether these very high levels influenced the findings, we excluded patients with
concentrations above the 95th percentile. After exclusion of these patients, there was a
difference also in D-dimer concentrations between the groups (p=0.002), and for
concentrations above the 75th percentile the OR for FV Leiden was 5.90 (95% CI 2.63-13.1)
for APC-PCI and 1.64 (95% CI 0.77-3.5) for D-dimer (>0.18 mg/L).
In FV Leiden patients a significant positive correlation was found between the
concentrations of APC-PCI and D-dimer (r=0.53, p<0.001; Spearman´s rank test, r2=0.28).
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We also observed positive correlations between the concentrations of APC-PCI complex and
D-dimer (r=0.54, p<0.001, r2=0.29) in the whole study group. Positive correlations were also
observed between age and D-dimer (r=0.42, p<0.001, r2=0.18) and between APC-PCI and age
(r=0.30, p<0.001, r2=0.09).
The capacity of the methods to discriminate VTE-patients with FV-Leiden from
VTE-patients without, was compared in a ROC-analysis (receiver operating characteristics;
not shown). The AUC (area under curve) for the APC-PCI complex concentration was higher
than for the D-dimer method (0.71, SD=0.039 vs. 0.57, SD=0.042), but the confidence
intervals for the methods were overlapping and thus not significantly different. After
exclusion of extreme and outlier values among patients without thrombophilia, the AUCs
increased to 0.79, SD=0.037 for APC-PCI and to 0.67, SD=0.043 for D-dimer, still with
overlapping confidence intervals and no significant difference. The capacity of the APC-PCI
method to discriminate VTE-patients (n=182) from healthy individuals of the reference
population (n=80)[19] was also compared and gave an AUC of 0.87, SD=0.02, significantly
larger than for APC-PCI determination among VTE patients.
This study shows a higher APC-PCI concentration in FV Leiden patients with a
previous VTE episode than in those with a previous VTE but without hereditary
thrombophilia, which indicates an increased thrombin generation. ROC-analysis resulted in a
higher AUC for the APC-PCI method than for D-dimer and thus better discrimination
between the two groups although not significantly different. Some patients without known
hereditary thrombophilia had extreme values for D-dimer and for the APC-PCI complex and
we assume that among these patients those with an increased risk for future VTE can be
found. There was an almost 4-fold increased presence of FV Leiden in patients with APC-PCI
concentration > 0.29 µg/L (75th percentile), which further supports the hypothesis that high
APC-PCI concentrations is a marker of increased thrombin generation. There were also higher

6
APC-PCI concentrations in patients with a previous history of VTE without hereditary risk
factors for thrombosis than in healthy individuals. The reason for this could be the presence of
unknown risk factors in these patients, of which the APC-PCI complex concentration may be
a marker. The risks of VTE with the joint presence of high D-dimer and FV Leiden was
shown to be increased 12.4 –fold and were thus supra-additive in a prospective case-control
study [11]. Our study suggests that the APC-PCI complex concentration, which in contrast to
D-dimer is a well defined analyte, could be a marker of an increased risk for future VTE.
However, clinical intervention studies need to be performed to study if withdrawal of oral
anticoagulant treatment can be based on APC-PCI complex determinations.
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Table 1. Patient demographics and results

n

Pat. with

Pat. without

(n=182)

FV Leiden (n=50)

FV Leiden (n=

p-values º

132)
Distal thrombosis

55 (30%)

13 (26%)

42 (32%)

p=0.47

Proximal
thrombosis
Pulmonary
embolism
Warfarin treatment
time (median)
Age (median)

58 (32%)

13 (26%)

45 (34%)

p=0.38

50 (27%)

18 (36%)

32 (24%)

p=0.21

6 (range 2-12)

6 (range 2-24)

p=0.89

66 (range 24-90)

66 (range 22-91) p=0.57

Males

6 months
(range 2-24)
66 years
(range 22-91)
89 (49%)

25 (50%)

64 (48%)

APC-PCI (µg/L)

0.23 (0.15, 0.56)*

0.29 (0.21, 0.58)

0.21 (0.14, 0.44) p<0.001

D-dimer (mg/L)

0.12 (0.05, 0.62)*

0.13 (0.08, 0.41)

0.11 (0.05, 0.83) p=0.13

p=0.95

* median and in parenthesis: 10th and 90th percentiles.
º Chi square test was used for nominal variables, Mann Whitney U test was used for
continuous variables.
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Legend to figure

Fig. 1 Box-plots representing APC-PCI concentrations (dark boxes) in normals (n=80) [19]
and in patients with a previous VTE episode, with the FV Leiden mutation or without any
hereditary risk factor for VTE. Box-plots representing D-dimer concentrations (un-filled
boxes) in patients with a previous VTE episode, with the FV Leiden mutation or without any
hereditary risk factor for VTE. Patients with APC-PCI (n=12) or D-dimer (n=16)
concentrations above the 95th percentile were excluded from the figure. The concentration of
D-dimer in healthy individuals was < 0.2 mg/L (n= 39).

