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Abstract

According to both trial and clinical data on direct oral anticoagulants (DOACs) elderly patients are at greatest risk of bleeding.
It is unclear whether age intrinsically affects anticoagulation response. To investigate the age-related sensitivity to DOACsS,
we compared the pharmacological activity of the direct factor Xa inhibitor, rivaroxaban, between young and elderly subjects
ex-vivo. 36 fit elderly and 30 fit young subjects [median (IQR) age: 83(75-87) vs 30(26-38) years] provided a blood sample.
Clotting parameters were measured in the resultant plasma samples incubated with rivaroxaban (100-500 ng/ml). Parametric,
non-parametric tests and regression lines adjusted for rivaroxaban concentration and baseline values were used to compare
data. Rivaroxaban produced a greater prolongation of both Prothrombin Time (PT) and modified Prothrombin Time (mPT)
(both p < 0.001) in the elderly compared to young subjects (with difference in mean PT increasing from 1.6 to 6.1s and for
mPT from 23.5 to 71.1s at 100 ng/ml and 500 ng/ml plasma rivaroxaban concentration, respectively). Factor X and factor
IT activity was significantly lower in the elderly in the presence of rivaroxaban (p < 0.001 for both). Rivaroxaban prolonged
time-based parameters and suppressed the amount of thrombin generation to a significantly greater extent in the elderly
compared to young subjects [%change from baseline for Endogenous Thrombin Potential (ETP): — 35.0 £ 4.4 vs — 29.8 +
7.4 nM*min; p = 0.002]. The use of validated DOAC assays will be of considerable benefit for monitoring elderly patients
who, because of their increased sensitivity to rivaroxaban, may require lower doses of the drug for therapeutic anticoagulation.
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e Elderly patients on DOAC: are at highest risk of bleeding
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e This study investigated whether age intrinsically affects
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e Elderly subjects are inherently more sensitive to rivar-
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in orthopedic post-operative patients, and the prevention of
thromboembolic strokes in patients with atrial fibrillation
(AF); with respect to the latter, DOACs have been demon-
strated to be non-inferior to warfarin in clinical effectiveness
[1-5]. Prescription numbers for DOACs have grown rapidly
both for patients newly diagnosed with AF and for patients
previously taking coumarins, in particular those with unsta-
ble anticoagulation control [6]. In 2018, they accounted for
31% of treated patients and around 93% of expenditure on
anticoagulant therapy in the National Health Service [7].

Bleeding associated with anticoagulation therapy remains
a major concern for clinicians and patients. Whilst quanti-
fication of the risk of bleeding has been inconsistent due to
differences in study sample sizes, patient populations and
time frames, studies with DOACs in general indicate an
increased risk of gastrointestinal hemorrhage and a lower
risk of intracranial bleeding compared to warfarin [8] and
with apixaban and edoxaban being superior to rivaroxaban,
dabigatran and warfarin in reducing the risk of major bleed-
ing [9].

Subgroup comparisons of trial data between younger (<
75 years) and older (> 75 years) patient groups show higher
bleeding rates in the older cohort [10], with the most elderly
also being at highest risk of bleeding complications in clini-
cal practice [11]. These findings raise the possibility that age
intrinsically influences anticoagulation response to DOACs.
It is difficult to establish the inherent effect of age on the
pharmacological activity of DOACs in vivo, being unable
to control for the presence of the potentially confounding
clinical characteristics, especially of age-related changes in
body mass, decline in renal function, increasing comorbidi-
ties and concurrent medication [12]. We therefore set out to
determine the effect of age on the pharmacological activity
of the direct factor Xa inhibitor, rivaroxaban, by comparing
ex-vivo, the effect of rivaroxaban on hematological param-
eters between a group of community dwelling fit elderly
people and a group of fit young people.

Patients, materials and methods

The study was approved by the Newcastle upon Tyne Ethics
Committee (January 2014; REC reference no: 12/NE/0209)
and was conducted in compliance with the Declaration of
Helsinki.

Sample size calculation

As there was no a priori information available on the extent
to which age affects hematological response to rivaroxaban
ex-vivo in humans, we performed a power calculation [13]
and estimated that a sample size of 30 in each of two groups
(30 elderly and 30 young) would be sufficient to detect a

clinically significant difference in hematological parameters
of 0.7* Standard Deviation (SD) with a power of 80% and
alpha of 0.05 based on a  test. Therefore, a sample size of
60 subjects was deemed to be sufficient to test the hypoth-
esis that aging enhances the pharmacological activity of
rivaroxaban.

Study subjects

Subjects with liver dysfunction, or other disease that may
affect hemostasis and receiving any medication known to
affect hemostasis were excluded. Following written informed
consent, medically stable (fit) elderly subjects over 65 years
were recruited from a local day center and healthy young
subjects aged between 18 and 65 years were recruited from
amongst university colleagues, who are generally healthy
and with no serious underlying conditions. Each subject pro-
vided a fasting venous blood sample (20ml) collected in cit-
rated tubes. Following double centrifugation at 2000xg for
7 min each, the plasma samples were aliquoted and stored
at — 80°C for later analyses. All plasma samples were treated
the same way and the storage period was similar between the
two subject groups.

Hematological assessments

All tests were carried out at the accredited Hematology
Laboratory at Freeman Hospital, Newcastle Hospitals NHS
Foundation Trust. Rivaroxaban pure powder was kindly
provided by Bayer Schering Pharma (Berlin, Germany).
The powder was solubilized in dimethyl sulfoxide solution
(DMSO) according to the manufacturer’s recommendations,
first at a concentration of 1mg/ml and then at a final con-
centration of 10 ug/ml. The proportion of DMSO ranged
between 0.01 and 0.05% of the final solution in which coagu-
lation parameters were measured.

On the day of each experiment plasma aliquots were
thawed at 37°C for a maximum of 15 min. Plasma samples
were incubated with rivaroxaban (0, 100, 250, 400, and 500
ng/ml) at a concentration range similar to that observed in
plasma following oral dosing [14]. Control plasma samples
were incubated in parallel with the clinical samples to gauge
the accuracy of the measurements.

The IL TOP ACL 700 CTS instrument (Instrumentation
Laboratory Company, Bedford, MA, USA) was used for all
coagulation assays. Prothrombin time (PT), which has been
previously shown to strongly correlate with rivaroxaban
levels in spiked normal plasma [15], was measured using
RecombiPlasTin2G® and activated partial thromboplastin
time (aPTT) using HemosIL® (Instrumentation Laboratory
Company, Bedford, MA, USA) [16]. Clotting time was also
assessed using modified prothrombin time (mPT), which is
a PT assay modified by adding calcium chloride (CaCl,)

@ Springer



172

E. Kampouraki et al.

to the RecombiPlasTin 2G® reagent to expand sensitivity
and enhance assay dynamics. After reconstituting the throm-
boplastin reagent with distilled water, it was diluted 1:2.25
with 100 mmol/L CaCl, solution, prepared with anhydrous
powder (VWR, Pennsylvania, USA) [17]. Clotting factor II
(FII) and factor X (FX) activities in plasma were measured
with standard clotting assays using respective clotting fac-
tor deficient plasma (Instrumentation Laboratory Company,
Bedford, MA, USA). The average coefficient of variation for
replicate analysis of samples at baseline and with rivaroxa-
ban using control plasma were as follows; for PT (4.9 and
2.9%); for mPT (5.7 and 4.8%); for APTT (6.4 and 4.3%);
for FII (7 and 6%); and for FX (13.6 and 12.3%).

FX antigen levels were measured using a commercially
available ELISA kit (Diagnostica Stago, Parsippany, NJ,
USA). The protocol was performed as described by the
manufacturer. The limit of detection for factor X is reported
as 0.5%.

Thrombin generation assay

Thrombin generation assay was performed using the Cali-
brated Automated Thrombogram with Fluoroskan® Ascent
Fluorometer (Thermo Fisher Scientific, Waltham, MA) and
the thrombinoscope software (Thrombinoscope BV 5.0).
The assay was performed by pipetting 20 pl platelet-poor
plasma (PPPH) reagent (20 pmol/L tissue factor) and 10
pl rivaroxaban solution in DMSO (final concentration in
plasma: 187.5 ng/ml based on 10 pl of rivaroxaban 1.5 ng/
pl stock solution), or 10 pl DMSO (for baseline measure-
ment) into individual wells of a 96-well microtiter plate with
70 pl plasma. After 10 min of pre-incubation at 37 °C, the
reaction was started by the addition of 20 plFluCa-kit. The
fluorescence was measured for 120 min at 37°C (excitation,
390 nm; emission, 460 nm). The following parameters of
thrombin generation assay were analyzed; lag time, maxi-
mum thrombin concentration (peak), time to peak (tt peak),
endogenous thrombin potential (ETP) and velocity index.

Statistical analysis

Data were checked for normal distribution. Where data were
not normally distributed, log transformation was performed
to achieve normality. Parametric (Student’s 7 test) and non-
parametric (Mann—Whitney U) tests were used to compare
data; a p value of < 0.05 was considered to be statistically
significant. A comparison of regression lines approach
(either linear or quadratic models with rivaroxaban concen-
tration) using analysis of covariance was used to compare
the pharmacological activity of rivaroxaban between the two
groups, additionally adjusting for baseline (by including it as
a covariate in the General Linear Model along with rivaroxa-
ban concentration) to allow for differences between patients
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within groups. Microsoft Excel (Microsoft Corp., Redmond,
WA, USA) and Minitab statistical software version 18 were
used for data analyses and reporting. Data are presented as
mean + SD unless otherwise stated.

Results
Study subjects

Thirty healthy young (10 males) and thirty six fit elderly
people (16 males) were recruited into the study between
January 2014 and July 2017. The median (IQR) age and
weight of the elderly and young subjects were 83 (75-87)
vs 30 (26-38) years and 77 (69-89) vs 72 (64-85) kg (p
= 0.214, ¢ test), respectively. There were more females in
the young and elderly groups [20(66.7%) vs 20(55.6%); p =
0.356). None of the subjects in either group had a medical
history of liver dysfunction, or other disease that may affect
hemostasis, or were receiving any medication that affects
hemostasis.

Hematological measurements

Elderly subjects had a significantly longer PT and mPT
at baseline (p = 0.022 and p < 0.001 respectively; ¢ test,
Table 1). Both PT and mPT were linearly prolonged with
increasing rivaroxaban concentration (Fig. 1a and b). Rivar-
oxaban caused a significantly greater prolongation of PT
and mPT (p < 0.001 for both) in elderly subjects compared
to young subjects after adjusting for baseline PT and mPT
respectively. The difference in mean PT and mPT between
the two groups increased with increasing concentration of
rivaroxaban, ranging from 1.6 to 6.1s for PT and 23.5 to
71.1s for mPT (Table 1, Fig. 1a and b).

Mean baseline FX activity was not different between the
young and elderly subjects (89.7 + 13.5% v 85.5 + 16.6%
respectively; p = 0.281, ¢ test, Fig. 1c). FX activity was
suppressed non-linearly and was significantly lower in the
elderly than young subjects across the rivaroxaban concen-
tration range (p < 0.001), with the difference in mean FX
activity between the two groups ranging from 5.6 to 7.6%.
However, the extent of inhibition, as demonstrated by the
rate of decline in FX activity, was similar between the two
groups (Table 1). According to the ELISA assay, functional
FX antigen levels were lower in the elderly compared to the
young subjects (mean + SD: 70.4 + 16.3% vs 83.3 + 13.4%,
p = 0.001, ¢ test). Factor X specific activity (FX activity/anti-
gen levels ratio) was significantly greater in the elderly com-
pared to the young subjects [median (IQR): 1.21 (1.09-1.40)
v 1.05 (1.02-1.12)] respectively, p = 0.005; Mann—Whitney
U test].
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Table 1 Hematological

> . Rivaroxaban Mean (SD) % change from ttest p value Regression models
parameters at bas.ehne and in concentration (ng/ baseline
the presence of rivaroxaban and ml)
statistical test results for the two Young Elderly Young Elderly p value  R-sq (%)
subject groups
PT (s)
0 11.6 (1.1) 11.9 (0.9) 0.022 <0.001 90.76
100 15.1 (1.2) 16.7 (1.6) 324 39.9
250 20.2 (1.9) 23.8 (2.9) 75.6 99.6
400 26.2 (2.6) 30.9 (4.5) 130.6  161.9
500 30.0 (2.5) 36.1 (4.5) 160.3  202.7
mPT (s)
0 38.7 (4.4) 45.4 (10.5) < 0.001 <0.001 79.86
100 65.4 (9.5) 88.9 (17.9) 70.1  102.1
250 105.6 (21.0) 151.1(32.5) 173.7 244.0
400 1559 (31.7) 212.6 (47.0) 305.0 385.5
500 182.9 (36.6) 253.9(55.7) 3746 4794
FII activity (%)
0 99.7 (15.3)  82.7(17.8) 0.002 <0.001 94.67
100 79.1 (10.8) 64.5(10.6) —-19.6 —20.2
250 60.9 (9.3) 49.2(8.8) —-349 -399
400 45.7 (7.3) 36.5(52) —536 -—544
500 38.3 (4.8) 309(4.8) —-589 -620
FX activity (%)
0 89.7 (13.5)  85.5(16.6) 0.281 <0.001 94.99
100 78.5(13.2) 71.0(13.8) —-12.8 —-16.5
250 64.5(11.7) 57.6(11.5) —-285 —328
400 53.6 (10.3) 464950 —43.1 —455
500 47.3 (8.8) 41.78.7) —-477 -512
aPTT (s)
0 29.0 (2.6) 33.9(7.9) < 0.001 0.03 84.22
100 36.5 (3.0) 42.1(11.0) 27.3 242
250 42.8 (5.0) 49.5 (13.3) 47.8 46.1
400 49.5 (5.3) 58.8 (20.2) 73.1 72.5
500 53.8(5.4) 63.8 (23.5) 85.8 86.4

At baseline, the elderly subjects had a significantly lower
mean FII activity, by 17%, compared to young subjects (p =
0.002, Table 1). Factor II activity was suppressed in the pres-
ence of rivaroxaban in a concentration-dependent, non-linear
manner (Fig. 1d). Factor II activity, adjusted for baseline,
was significantly lower in the elderly group compared to
the young group across the entire rivaroxaban concentration
range studied (p < 0.001) with the difference in mean FII
activity ranging from 7.4 to 14.6%. The rate of decline in
factor II activity with increasing rivaroxaban concentration
was slightly greater in the young subjects compared to the
elderly subjects, owing to the young subjects having a higher
baseline FII activity.

Baseline aPTT was longer in the elderly compared to
young subjects (p < 0.001; ¢ test). In the presence of rivar-
oxaban aPTT was prolonged in a concentration-dependent,
linear manner in both groups; however, after adjusting for

baseline aPTT prolongation was greater in the elderly com-
pared to young subjects across the entire rivaroxaban con-
centration range studied (p = 0.03, Table 1, Fig. le).

Thrombin generation assay

At baseline, the elderly subjects had a longer initiation phase
of thrombin generation, as demonstrated by the longer lag
time (p = 0.01) and time to peak (p = 0.001), and signifi-
cantly lower ETP (p = 0.004), peak thrombin concentration
(p < 0.001) and velocity index (p < 0.001) compared to the
young subjects (Table 2).

In both young and elderly subjects rivaroxaban (187.5ng/
ml in plasma) significantly affected the key parameters of the
thrombin generation assay (Table 2). Rivaroxaban caused
a greater prolongation of lag time as demonstrated by the
greater percentage difference from baseline in the elderly
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Table 2 Thrombin generation assay parameters, at baseline and with the presence of rivaroxaban (mean + SEM)

Lag time (min) Peak (nM) ttpeak™ (min) ETP? (nM*min) Velocity index (nM/min)
Baseline Young 2.94 (0.07) 322.88 (8.23) 5.54 (0.11) 2396.90 (57.01) 127.71 (5.41)
Elderly 3.31 (0.13) 263.93 (7.93) 6.43 (0.19) 1978.4 (63.87) 87.66 (4.78)
p value 0012 0004 < 0.001 0001 < 0.001
Rivaroxaban” Young 9.60 (0.21) 66.98 (4.15) 25.56 (0.74) 1682.16 (51.60) 4.75 (0.58)
Elderly 11.58 (0.64) 41.34 (1.78) 29.12 (0.86) 1279.71 (38.32) 2.56 (0.24)
p value 0007 < 0.001 < 0.001 0003 0001

*ttpeak time to peak
IETP endogenous thrombin potential

"187.5 ng/ml final concentration

compared to the young subjects (p = 0.03). Rivaroxaban also
suppressed the propagation phase of thrombin generation to
a greater extent in elderly subjects compared to the young,
as shown by a greater decrease from baseline in both peak
(p <0.001) and ETP (p = 0.002). The change from baseline
for both time to peak and velocity index were comparable
between the two groups (Fig. 2).

Discussion

Rates of bleeding are higher in older than in younger
patients, whether in the trial situation or in the real-world.
The rates of major bleeding in the ROCKET AF study,
which compared rivaroxaban to warfarin for efficacy and
safety, were 4.63 per 100 patient-years in those aged 75
years or older and 2.74 in younger patients taking rivar-
oxaban [18]. The incidence rate of hospitalization for
DOAC-related bleeding has been reported as 3.44 per
100 patient-years (95% CI 2.35-4.86) with 87% of the

Fig.2 Change from baseline Lag

in thrombin generation assay time
parameters. *p < 0.05 (¢ test), (min)
*##p < 0.01 (¢ test), p < 0.01

(Mann—Whitney test)
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% change in thrombin generation
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admissions being aged >75 years, reflecting both the age
profile of those prescribed these drugs and their increased
risk of bleeding due to age, renal insufficiency, comor-
bidities and concomitant medication. Of these patients,
19% were receiving the maximum therapeutic daily doses
in spite of dose reduction recommendations [19]. Elderly
people were not well represented in the major clinical tri-
als evaluating the safety and efficacy of DOACSs and this
is of concern for clinicians prescribing these agents. In
the ROCKET-AF trial, for example, the median age of the
patients on rivaroxaban therapy was 73 years and only a
quarter of the patients were 78 years of age or older [2].
Post-marketing surveillance studies have reported bleed-
ing rates associated with rivaroxaban to be similar to those
reported in the ROCKET-AF trial (2.86 per 100 person-
years (95% CI 2.61-3.13) and 3.6 per 100 person-years
(HR 1.04 (95% CI 0.90-1.20) respectively) [20-24]. How-
ever, a real-world observational study reported a higher
bleeding event rate of 17.2% for rivaroxaban compared to
7% for dabigatran, and 8.7% for apixaban [25].

time topeak ETP Peak Velocity
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Secondary analysis of the randomized controlled trials
[1-4] indicate that, as might be expected, higher drug levels
or anticoagulant effects are associated with higher bleeding
rates, and lower levels with higher thromboembolic stroke
rates. Age-related pharmacokinetic changes contribute to the
age-related increase in bleeding rates with anticoagulants. A
study of rivaroxaban pharmacokinetics in healthy subjects,
for example, noted that the area under the concentration-
time curve of rivaroxaban was 41% higher in those over 75
years than in those aged 18-45 years after 10mg rivaroxa-
ban, and inhibition of factor Xa activity and prolongation
of prothrombin time were also higher. These changes were
attributed to reduced rivaroxaban clearance mainly due to
decreased renal function, and the influence of age was not
considered clinically relevant, although cannot be ruled out
by these data [26]. Current guidelines recommend dose
adjustment for DOAC:s in relation to serum creatinine levels
on the basis that renal impairment increases systemic drug
exposure; a meta-analysis of randomized trials indicates
that, in patients with renal insufficiency, the recommended
doses of DOACs are non-inferior and relatively safe com-
pared to warfarin [27].

The evaluation of the intrinsic pharmacological effect of
age on the anticoagulation response to DOACsS in vivo is
challenging, being unable to separately determine the effect
of the individual co-factors which influence drug exposure,
which include declining renal function, change in body
mass, concomitant medication and illness. To overcome this,
we compared the pharmacological activity of rivaroxaban
in groups of fit elderly and young subjects, ex-vivo. Of the
elderly subjects in this study, 72% were aged 78 years and
over, representative of the age in the elderly population with
AF who are prescribed anticoagulation therapy. None of the
study subjects used any drugs which affect hemostasis or
interact with rivaroxaban’s mode of action.

Rivaroxaban concentrations chosen for this study were in
the range of the plasma rivaroxaban concentrations reported
following therapeutic dosing, which are sufficient to cause
almost complete inhibition of thrombin generation [14,
28]. Rivaroxaban is a selective, reversible, direct factor Xa
inhibitor, which inhibits clot-bound factor Xa as well as pro-
thrombinase activity, therefore prolonging clotting times. It
inhibits thrombin production and thus the amplification pro-
cesses of coagulation through the inhibition of endogenous
factor Xa. We measured PT, the time taken to initiate clot
formation after the stimulation of the extrinsic coagulation
pathway and factors common to both systems. Of all the
DOAC:S, PT is the clotting parameter most responsive to
rivaroxaban, and can be used to detect the presence of this
drug in plasma. We also measured aPTT which quantifies
the integrity of the intrinsic system and the common com-
ponents, the thrombin generation assay which provides an
overall evaluation of coagulation by measuring not only the
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time to initiate thrombin generation but also the amount of
thrombin formed after stimulation with tissue factor, and
FII and FX clotting protein activities. Previous studies
have shown a very close correlation between rivaroxaban
concentration and the inhibition of factor Xa activity and
prolongation of PT (R? = 0.99-1.00) and aPTT for spiked
normal plasma [14, 15, 29]. The large variability in results
for clotting tests between different studies which has been
observed depending on the reagents used [15], will not have
affected our results, as the same reagents were used to test
all the samples.

Rivaroxaban produced a greater prolongation of pro-
thrombin time (both PT and mPT) in the elderly than in
the young subjects. There is evidence that the coagulation
system becomes more active with increasing age, while
fibrinolysis is impaired. Physiological changes taking place
with increasing age can affect the production of functional
clotting proteins [30-34]. We found that FX specific activity
was higher in the elderly compared to the young subjects due
to the elderly subjects having a similar baseline FX activ-
ity to young subjects but with a lower amount of protein
expression. Rivaroxaban inhibited FX activity to a similar
extent in both groups. However, the resultant FX activity
was lower in the elderly compared to young subjects across
the rivaroxaban concentration range studied which signifies
that rivaroxaban has a greater net pharmacological effect
in the elderly. Baseline FII activity was found to be sig-
nificantly lower in the elderly compared to young subjects
and rivaroxaban suppressed FII activity in a similar pattern
to that of FX activity. Rivaroxaban prolonged time-based
parameters of thrombin generation (lag time) and suppressed
the rate and amount of thrombin generation (peak thrombin
and ETP) to a significantly greater extent in elderly sub-
jects compared to young ones. These results support the
hypothesis that elderly subjects are more sensitive to the
pharmacological activity of rivaroxaban and that age solely
could be an important pharmacodynamic contributor to the
reported increased incidence of bleeding associated with
DOAC therapy in older patients [35].

Accurate, validated and clinically approved assays for
use with DOACs have been developed and, when rapid
results are more widely available, it is anticipated that they
will be of considerable benefit, for example in patients
requiring invasive procedures, and those with bleeding or
thromboembolic events to assess over and under antico-
agulation. More routine use of these assays before bleed-
ing occurs might also be of benefit to vulnerable groups
such as those with renal impairment and elderly patients
who, because of their increased sensitivity to rivaroxaban,
and potentially other DOACs yet to be investigated, may
require lower doses of the drug to achieve therapeutic anti-
coagulation. Clinical experience with DOACs: is too short
to provide models of use which can take into account the
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influences of renal function, comorbidities, medication,
weight and age to minimize the complication of bleeding
and optimize the benefits of therapy. Whilst therapeutic
outcomes observed in randomized trials support the use of
fixed doses of DOACs [5], monitoring has the potential to
make a contribution to improving the clinical effectiveness
of these already valuable drugs. We recommend that moni-
toring can help address the issue of increased sensitivity of
older patients. Currently, there is no consensus regarding
optimal concentration ranges for therapeutic anticoagula-
tion with rivaroxaban and data are limited to phase 3 clini-
cal trials and some small-scale real-world studies. When
plasma rivaroxaban concentration ranges for therapeutic
anticoagulation with rivaroxaban are established through
further research, can we further investigate the variation
in plasma drug levels among older patients and its conse-
quences in relation to bleeding and thrombotic episodes.

Our results are based on coagulation tests performed
ex vivo with plasma from volunteers which was spiked
with rivaroxaban. Prospective studies in patients taking
DOAC:S are needed to assess whether dose adjustment to
achieve therapeutic drug levels or measures of anticoagu-
lant effect do lead to fewer thromboembolic and bleed-
ing events. Our results indicate that these studies should
include the investigation of the effect of age, as well as
the established confounders of renal function, interacting
drugs and body mass.
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