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1 8-methoxypsoralen (8-MOP) is o ‘naturally occurring photoreactive substance
which, in the presence of u.v. light, forms covalent adducts with pyrimidine bases
5. in rucleic acids. For many years, 8-MOP has been used in PUVA therapy for treat-
) ment of psoriasis. Recently, the drug has been found to inactivate effectively
bacteria spiked into platelet concentrates. The purpose of this study was to deter-
mine the pharmacokineties and safety of 8-MOP administered intravenously in the

bactericidal dosage range. :
2 Eighteen volunteers were divided into three treatment groups to receive, respec-
tively, 5, 10, and 18 mg 8-MOP infused over 60 min. Frequent arterial samples
“Were gathered, and the blood and plasma were assayed for 8-MOP concentration.
The pharmacokinetic parameters were determined by moment and compartmental
population analysis, the latter performed with the program NONMEM. Haemo-
dynamics, ventilatory pattern, and subjective effects were recorded throughout the

i study.
(( : 3 The intravenously administered 8-MOP was well tolerated in all individuals, and
' 0O acute toxicity was observed, : S
4 The pharmacokinetics of 8.MOP were best described by a three-compartment
i mammillary model in which the volumes and clearances were proportional to
! weight. The mean pharmacokinetic parameters for the plasma concentrations were:
V, = 0.045 L kg™, V, = 0.57 1 k", V,=0.151 kg™, CL, (systemic) = 0.010 | kg™!
min~', CL, « 0.0067 1 kg™! min~!, CL, « 0.012 1 kg™! min~'. The mean pharmaco-
kinetic parameters for the blood concentrations were: V, = 0.061 1kg™', V, = 1.18 |
. kg™ v, = 0.21 1 kg!, CL, (systemic) = 0.015 1 kg~! min=!, = 0.011 1 kg~
min~! and CL; = 0.0151kg"! min~!.

5 The plasma pharmacokinetic mode] described the observations with a median
absolute error of 17%. and the blood pharmacokinetic model described the obser-
vations with a median absolute error of 18%. Analysis of the relative concentration
of 8-MOP between plasma and red blood cells suggested concentration-dependent

- partitioning. -

. 6 The addition of 7.5 mg 8-MOP to 300 mi platelet concentrate would produce
- - bactericidal concentrations of 2§ ug mi~'. Simulations based upon our data show . -
) that intravenous administration of 7.5 mg over 60 min would result in systemic
- concentrations of 8-MOP similar 1o those obscrved with conventional PUVA

therapy. We conclude that the extensive safety history esublished in PUVA
therapy will be applicable 10 this new epplication of 8-MOP,
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Introduction

8-methoxypsoralen (8-MOP) is & naturally occurring
photoreactive substance found in common foods such
as parsiey, celery, and limes. [n the absence of long
wavelength u.v. light (UVA), 8-MOP reversidbly inter-
calates into double-stranded regions of DNA and
RNA. Photoactivation, effected by addition of UVA
light (320400 nm), results in formation of covalent
adducts between 8-MOP and pyrimidine bases. This
propenty is the basis of PUVA therapy used by der-
matologists which slows the renewal of the skin cells
in the treatment of chronic refractory psoriasis. [1].

Lin et al. [2] have shown recently that photoacti-
vation of 8-MOP at a concentration of 25.0 pg mi*!
produces inactivation of pathogenic bacteria in plate-
lets that are suspended in 15% plasma and 85% syn-
thetic media (2). Lin's fndings suggest that any
bacteria present in platelet concentrates would be in-
activated, prior to infusion, by exposure to 8-MOP
and UVA light. The total amount of 8-MOP in a
pooled transfusion of six random domor units of
platelets would be 7.5 mg (300 ml x 25 pg mI*).

A few pharmacokinetic- srudies based upon oral
administration of 8-MOP bave been performed in
humans [3-6]. Data from these studies are of limited
value in understanding the systemic exposure ex.
pected afier intravenous sdministration, because the
absolute bioavailability and rate of absorption of 8-
MOP are not known when the drug is administered
orally. While the pharmacokinetics in humans of
intravenously administered 8-MOP are not known,
animal studies using intravenous 8-MOP have been
done. In animals, 8-MOP has extensive tissue distri-

‘bution, rapid clearance and substantia! interindividual

variability (7).
The current investigation was performed to deter-
mine the pharmacokinetics of 8-MOP in humans
following intravenous administration. These results
permit an assessment of the time course of ex
1o 8-MOP that can be snticipated following the iatra.
venous sdministration of platelets photochemically
treated with 8-MOP and UVA light. ‘

Methods
Pretreatment, treatment and post-treatment

After obuining Institutiona! Review Bosrd spproval
and informed consent. 18 healthy adult volunteers
were included in the study. Men and women between
the ages of 18 and 40 years. without a history of
significant medical illness, were eligible. Yolunteers
were ineligible if they chronically used tobacco,
alcohol, medicstions or illicit drugs, or if their labora-
tory blood and urine tests (including serum hepatitis
B surface antigen and HIV antibody test) were abnor-
mal. Before the study day. voluateers were instructed
to abstain from ingesting any medication or alcohol
or from using tobacco for at least 24 b before the
study  time.  On the study day, volunteers

fasted from midnight before entering  the study
facility. “

Al the study site. an 18 G catheter was placed in a
large forearm vein for fluid and drug adminustration
Normal saline was infused at the rate of 1.5 ml kg™
h™! before and after the drug infusion. A 20 G radia|
artery catheter was placed for blood sampling and
continuous blood pressure monitoring. Electrocardio.
gram (5 lead). pulse oximetry and nasal end-tidal
CO, were also continuously monitored.

\bnp-mund UVA protection including glasses were
worn by the subjects on the srudy day until the sunset,
Subjects stayed over night in a hospital room at the
Palo Alto Veterans Administration Medical Center:
they were discharged the next day after having a
physical examination and the last blood sample.

Potential side effects were assessed every 30 min
during the first 6 h, then at 10 and 24 h after the
beginning of the infusion and were graded as mild,
moderate or severe. :

Drug administration

Formulation  The test article dosage form was pro-
vided in amber vials conining 2500 ug 8-MOP in
100 m! 0.9% sodium chloride USP (25 pg mi™'). The
formulation was manufsctured under GMP conditions
by Chesapeake Biological Laboratories (Baltimore,
MD) using bulk GMP 8-MOP purchased from ICN
Pharmaceuticals (Costa Mesa, CA)..

Administration  Each subject received one of the
three doses (5 mg, 10 mg or 1S mg) of 8-MOP as
& constant rate infusion over 60 min. The amount
of drug to be infused was diluted into 600 m! total
volume by the addition of sterile saline Jjust before
starting the infusion. The drug was infused intra-
venously over 60 min (rate of infusion: 10 ml min™').
using 8 volumetric pump. The infusion rate and dura-
tion were selected to be similar to the dose and time
course of 8-MOP likely to be seen with a standard
platelet transfusion (300 ml).

8-methoxypsoralen assay

Sample handling Anerial blood samples {10 ml)
were drawn at baseline and at 2, S, 10, 15, 20, 30, 40,
50. 60 min after the beginning of the infusion, and at
2, 5, 10, 1S, 20, 30, 40. S0, 60, 90, 120, 150, 180,
210, 240, 270. and 300 min after the end of the infu-
sion. The anerisl catheter was removed 6 h afier the
beginning of the infusion. Two additional venous
blood samples were drawn at 600 and 1440 min after
start of infusion.

Initial studies suggested that $-7% of 8-MOP was
adsorbed onto the tubing during the infusion. To
determine properly the infusate concentration of 8-
MOP. two 5§ ml samples of the infusate were drawn
immediately prior and immedistely after the infusion
from the distal infusion line immediatgly proximal to
the intravenous catheter. The 8.MOP concentration in

000253

-



o s =,

‘- a0 .

P
Ad :

R B NIRRT

the infusate was calculated as the average between
pre- and post-infusion §-MOP concentrations in the
sampled infusate. ‘

Sample processing  Blood samples were drawn into
heparninized tubes, mixed. and Piaced on ice until pro-
cessing. Sample processing took place within 2 b of
blood drawing. Three millilitre aliquots were drawn
for whole blood assay and placed on ice. Then the
tubes containing the femaining whole blood were
centrifuged at 2000 ¢ for 10 min ar 4* C to prepare
and isolate the plasms phase. The plasma phase was
drawn off and placed on ice. .

H.p.lc. analysis Plasma and whole blood samples
were assayed by Steritech, Inc. (Concord, CA) using
modifications of the method developed by Gasparro
et al. [8). Before loading the whole blood samples
onto solid phase extraction (SPE) cartridges. 1 ml
was lysed by the addition of 4 m| Isoton 11 (Coulter)
followed by addition of two drops of Zapoglobin
(Coulter). After S min, the trested samples were
centrifuged at 5900 ¢ and the supernatant loaded
onto SPE cartridges. A haematocrit determination
was also performed on whole blood samples. Eluted
sarmples were injected onto a C-18 column (Rainin
Instruments, Emeryville, CA), 46 mm x 25 em
column with 4.6 mm x 3 cm guard column, S um
particle, 60 A pore size. A Beckman (Fulierton, CA)
h.p.l.c. system was used with autoinjector, a variable
wavelength detector, a solid phase °H detector, and
the System Gold computer integration software. The
h.p.l.c. was run isocratically with & mobile phase of
43% acetonitrile and 55% 0.] M ammonium acetate.
8-MOP eluted at 9.3 min with this system -and was
detected by absorption at 300 am. Samples were in-
jected using a 100 pi sample loop injector. Eight.
MOP levels were determined by comparing the

_integrated absorption peak of 8-MOP with a standard

curve of 8-MOP concentrations. Standard curves
were generated weekly by injecting freshly prepared
standard samples. Samples were also spiked with a
small amount of [*H}-8-MOP as an internal control of
recovery. Final concentrations were corrected for the
fraction of tritium recovered relative 10 s calibration
sample and for the amount of 8-MOP contributed by
the internal standard. Accuracy of the h.p.l.c. sysiem
was evaluated by injecting standards between sets of
experimenta! samples and compuaring the recovery to
a set of control standards run at the beginning of each
week. The limit of detection was 10 ng mt™! with »
coefficient of variation of less than 10%. .

Pharmacokinetic analysis

Linearity analysis The dote-normalized concentra-
tion vs time curves were obtained for plasma and
whole blood by dividing each concentration value by
the dose of 8-MOP adminisiered: The linearity of the

- toncentration time course with the dose was visually

venified by plotting the dose-normalized concentra.
Uon vs time for esch dose and verifying that the
shape and scaie of the dose-rormalized curves were
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independent of dose. The dose normalized AUC (e.g
AUC/Dose) values were then compared for both
plasma and whole blood between the three doses by a
one way ANOVA. A statistical significance level P <
0.05 was required to demonstrate the lack of linearity
of AUC with the dose.

Moment analysis  Clearance. mean residence time, and
apparent volume of distribution at steady state were
calculated non-parametrically using standard moment
analysis [9). The area under the concentration vs time
curve (AUC) was calculated for each patient using
livear trapezoids when concentrations were increas-
ing. and log-linear trapezoids when concentrations
were decreasing. The terminal slope was estimated
using log-linear regression of the terminal portion of
each curve. The clearance was calculated as

Dose
C!..- AUC (1)

The first moment curve (concentration x time vs
time) was calculated for each data set and the ares
under the first moment curve (AUMC) calculated using
also an interpolation-integration method, The mean
residence time (MRT) of 8-MOP was calculared as

MRT « -‘L‘:’.:FC. ~MRT, 7))

where MRT,,_, was the mean residence time of the
infusion input (i.c. duration/2). The apparent volume
of distribution at steady state (V) was calculated as

V, = CL x MRT 3)

The population parameter estimates were calcu.
lated as the average of the individual values. The
moment analysis of the pharmacokinetics were per-
formed for both the Plasma and the whole blood con-
centrations.

Compartmental analysis The population pharmaco-
kinetic parameters were determined using the mixed-
effects non-linear fegression program NONMEM,
version IV level 1.1 [10). NONMEM estimated the
typical value of each volume and clearance parameter
for two and three compartment mammillary compart-
mental models in the population. For the two com-
pantment model. NONMEM estimated V,. the volume
of the central comptniment, V, the volume of the
peripheral compartment, CL,. the irreversible systemic
clearance of drug from the central compsrtraent (com-

"bining both renal and metabolic components), and CL,,

the distribution clearance to the peripheral volume.
For the three compantment model, NONMEM esti-
mated V, and CL,. defined as for the (wo compart-
ment model, V, and CL,. the volume and distribution
clearance for the rapidly equilibrating compartment,
and V, and CL,, the volume and distribution clear.
ance for the slowly equilibrating compartment.
NONMEM provided estimates of the interindividual
variability about each phermscokinetic paramernr Each
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parameter, P in the ith individual, was modelied as a
function of the typicai value of P in the population.
Py, and n,. as follows:

Plgpw‘q' (4)

where P, is the median value of P in the population
and 1 is & random varisbie with a mean of 0 and a
variance of @!. While w is thus the standard deviation
of the parameter in the log domain, for values less
than 0.40 it will be quite similar to the coefficient of
variation used in classical descriptive statistics, and
thus will be referred to as the ‘CV" of the parameter
estimate. ’

NONMEM was 2lso used 1o estimste the residual
intraindividusl variability. A log normal residual
error model was assumed, in which the jth observa-
tion in the ith subject. O, was assumed 1o de related
to the predicted concentration, Yy as follows:

00 - Y'i ' ($3]

where ¢ is a random variable with a mean of 0 and 2
variazce of 02. Thus, o is the standard deviation in
the log domain, which approximately corresponds to
the coefficient of variation in the standard domain for
small values of ©.

The NONMEM analysis included incorporation of
patient covariates in the model. The specific covari-
ates investigated were weight, age, body surface ares
[11) (BSA%), lean body mass [12] (LBM?®), haemai-
ocrit. and serum albumin. The covariates were gener-
ally incorporated into the model as a scalsr times the
covariate plus a constant, in which the scalar and
constant were simultaneously estmated by NON-
MEM. This structure perminted the scalar to become
0 if the covariate added no information to the model.
and permitted the constant to become 0 if the phar-
macokinetic parameter was simply proportional 1o the
covariate (¢.g. clearance was proportional to weight).

We systematically tested each volume and clearance
term as a linear function of esch patient covariate, as
well as a ‘weight scaled’ mode! in which all volumes
and clearances were assumed to be a linear function
of weight. Models were considered better if the de-
crease in the NONMEM objective function, =2 log
likelibood (~2LL) with the more complex model,
with the addition of a single term, exceeded 10 (¢?
0.998[1}) (13]. The severe significance level of 0.998
was selected to compensate for the latge number of

.modgls considered.

Calculation and represeniotion of results From the
estimates of the pharmacokinetic parameters provided
by NONMEM, at the time of each observation we
calculsted the predicted concentration, C,. We calcu-
lated the weighted residual (WR) as the difference
between the measured concentration, C,,, and the pre-
dicted conceatration. as s fraction of the predicted
concentration:

“BSA = weight®™*3 x height® ™ x 0.007184
*LBM & 1.1 x weight = 128 x tweighUheight)’ for mea
= LO? x weight = 148 « 1weightbeight)? for women

Cu-C
WRe N

(6
Gy
For each fit we also plotted the WR over time for al}
individuals.
To measure the bias of the prediction from each
model estimated by NONMEM we calculated the
median weighted residual (MDWR):

MDWR = median {WR, WR,, ... Wr,) (3

where n is the number of data points in the study
{n = 308).

To measure the overall accuracy of the model we
calculated the median absolute weighted, residual
(MDAWR): «

MDAWR = median (IWR,L IWR,l, ... Wr,l)  (8)

where n is the number of data points in the entire
study (n = 308).

To calculate the accuracy of the model in each
individual subject we calculated the individual mean
absolute weighted residual (MAWR) as:

SIWRI
MAWR = -'--;- )

where a is the number of data points for each subject
(range: n = 12-20, median = 17.5).

To display how accurately the pharmacokinetic
parameters  provided by NONMEM described the

observed date, we plotted the fit in.the best, median .

and the worst case individuals, sccording 1o the indi-
vidual MAWR value. These graphs provided a visual

. interpretation of the goodness of fit for the pharmaco-

kinetic models.

From the volumes and clearances estimated by
NONMEM we calculated the Bybrid rate constants
and fractional coefficients using standard pharmaco-
kinetic equations {14, 15).

Partition coefficient The partition coefficient (PC)
between plasma and red cells has been calculated for
each data poiat of each patient.

CIM calis

panition coefficient » (10)
S

Recognizing that Crosd ® Crgess X hoemarocrit
C X (1 - baematocrit), and substituting for
CJ,“ in the definition of PC above, we get the
following definition of PC in terms of C,,_. C,

and haematocrit, all of which were mesasured in this
study:

partition coefficient
Cuicod = Cpieame X (1 = haematocrit;

- (an .

haematocrit x C .,

The above equation yiclded a measurement of the
panition coefficient at the time of cach observation
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Visual inspection of the data suggested a possible  Results

linear relationship between partition cozfficien: and

time, and a possibie inverse biexponentisl relation-  Pretreatment. treaiment and posi-treatment

(; ship between the partition coefficient and the plasma . :

d 8-MOP concentration. We used NONMEM 10 esti- Eighteen volunteers completed the study. Th= volun-
mate the relationship between partiion coefficient teers received 3 mg. 10 mg or 15 mg 8-MOP (ne6

and time using the following model: in each dose group). Four additional voluntesrs were
earolled but did not complete the study or were not
PC =9 + 6,4 Byt o (12)  evaluabie. There was no difference between the three

dose :ro:?s in any demographic parameter (Tuble .
where @, is the constant component of PC, 0, is the None of the doses of 8-MOP swudied altered the vital
slope of the PC vs time relationship, €, and @, are signs monitored (Table 2). One subject developed a
coefficients of the relationship between PC and Cp  slight headache, five felt tiredness or drowsiness. Three
and @, and O, are the exponents of the relationship  subjects reported hunger or thirst, and five com-
between PC and C,. The interindividual variability  plained of intestinal gas, all of which we auributed to
(N vector) was mo&lled s log-normally distributed  the prolonged fast required for the study. No¢ adverse
about each value of 6, and the residual variability, €., reactions were observed that could be atributed to
was modelled as log-normally distributed as well.  the 8-MOP. j

Whether the slope factor relating PC to time, 8,, was

statistically significant was determined by comparing  Pharmacokinetic analysis

the NONMEM objective funstion (-2 log likelihood)

obtained with the model thown sbove with s model  Lincarity analysis Figures 1 and 2 (wp $1uphs)
in which 8, was fixed at 0. A difference grester than  show individual plasma and whole blood coucentra-
4 was considered significant a1 £ < 0.05. tions of 8-MOP vs time, respectively. The shape of

Table 1 Voluntser demographics (m&n 234d)

&MOP )
Smy 10 mg 15 mg Global
( (aaf) (aung) aef) (a =3
{ Weight (kg) 8342142 1982118 22150 - 1982139
. Height (cm) 186629 1121 1174213 1806298
Age (years) 30722 ssis 312297 326284
Body surface area (m?) 210202 198202 1911031 2002 0.21
Leana body mass (kg) 669284 60893 580294 619293
Haematoctit (%) 442216 433247 4282238 438232
Serum albumin (g dr" 3072038 4772019 $.03204) 4962037
Table 3 Mean arterial blood pressure {MAP;, haant rate (HR), respiratory raie (RR), 888 anterial
saturation (Sp0,) ve time during and afer the infusion of §-methoxypioraler: Values are expressed a5 -
mean 2.3.d.
Boseline - 30 min® 60 min® 120 min® 180 min®
S mg dose
- MAP (mm Hg) §WE2167 2984123 8602162 130294 137269
HR (beasmie”!) - - $1¢26.2 523199 592108 S0+42 Slras
- RR (min™") 148261 168219 193241 133261 16784
- e $pO, (%) 972218 9121 983219 98121 978223
10 mg doge : :
. MAP (mm Hg) 95.7 %121 9872161 - 973s142 9172142 943194
- HR (beas qun®)  $854119 6132124 - 392128 58771 6022 6.8
RR (min-") 163248 17.7¢2) 123262 167236 175238
SpO; (%) 98221 . 982214 985212 982 1S 98114 =
15 myg dose - :
MAP (mm Hg) 883263 89273 888278 8552173 86118 .
. HR (beats min™) 0.5 2 4.3 61328 61.5%98 623¢126 608 2 11
7 RR (min"') 193264 197243 198242 193233 19224
[ S0, (%) 97.321 97.2217 97$18 967219 97518

¢ *Elapsed time following stan of 60 mia 3-MOP infusion.
000256 -
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Measured concentration ing mi ")

Plasma 8-MOP conconwration
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Figure 1 Individual time course of 8-MOP concentrations (s) and dosc nomalized concestrations (b) in plasma.
The dose normalized covcentrations are defined by the concentration at esch time divided by the 1ot dose (i.e. the
concentration that would de achieved with a vait dose infused over 60 min). == $ mg, - 10 mg «==15myg.

the curves was consistent from volunteer 10 volunteer
and was independent of the dose of drug adminis-
tered. The absolute magnitude of the curves was pro.
portional to the infusion rate, as is demonstrated
when the concentrations are normalized to the infu-
sion rate (Figures 1b and 2b). The peak plasma and
whole blood concentrations at the end of the infusion
were directly proportional 10 the dose (Tables 3 and
4). The AUC/dose ratio was not statistically different
by ANOVA when increasing the dose. .

- Moment analysis  Average valves for clearance.
mean residence time and apparent volume of distriby-

tion at steady state for plasma (Table 3) and whole
blood (Table 4) were determined in each dose group.
Although whole blood 8-MOP concentration de-
creased below the limit of detection earlier than
plasma, the percentage of AUC and AUMC under the
observed data was similar for whole blood and plasma.
When compared with the plasma, the whole blood
analysis showed a higher clearance (18 vs 12 m! kg"'
min~') and a shorter MRT (41.3 vs $2.6 min), resul-
ing in & similar large V, (=600 m! kg-'). Neither
clearance, MRT, nor V,, demonstrated a relationship
to dose.

Compartmental analysis The three compartment
model (Table 5) was preferred to the two compan.
ment model (not shown) as demonstrated by a de-
crease of more than 100 in the NONMEM objective
function (-2LL) for both the plasma and whole blood

~ models.

The only covariste that significantly improved
the pharmacokinetic model was weight, applied to
the volumes and clearances in simple proportion. The
addition of weight as a proportiona! scalar decreased
the ~2LL by 77 for the plasma model, and by 10 for
the blood model. Wher weight was applied to indi-
vidual volume and clearance terms there was no sig-
nificant improvement compared with the model with
weight applied to all parameters. Thus, the ‘weight
scaled’ model (i.e. weight covariate for all para-
meters) is the preferred model from this analysis.

The weighted residuals over time for each subject ;
were calculated (Figure 3). The model accurately pre-’
dicted the observations during the infusion period.
but the accuracy decreased during post-infusion -
peniod, especially for the plasma concentrations. This
result is supponted by ploning the median predictec
concentration, the best predicted and the worst pre-
dicted concentrations using the pharmacokinetic pars
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Table 3 Moment analysis of the plasma pharmacokinetics of $-methozypsoralen

Measured % AUC
doze Peak AUC snder
(mg) (ngml) (g™ min)  data

Clearance  MRT v,
«

(A min)  dae (kg min) ming (1)

Smpdose (newp)
Mean

. 4.6 60.2 4786 82.4% 402908 62.9% 0.012 T304 052
s.d. 0.17 i04 978 - $.0% 238388 204% 0.0038 s 0.22
10 mg dose (ne§)
Mean 9.9 138.7 11626 90.9¢ 1039443 67.4% 0.0l S6.8 0.6t
s.d. 0.2¢ 313 3366 1.0% 441795 16.3% 0.0018 16.5 0.0
T ISmpdote (aw6) ,
. Mean L 1958 16340 S4a% 1502020 43% 0.014 588 0.8}
- Lo, o 0.87 $9.2 - 4% kN1 894248 17.1% 0.0034 239 0.34
Average :
- T Mean ‘ 0.012 $6 0.61
- H s.d. [

0.0031 2.9 023

. meters obuined from comparrmental analysis (Figure
- 4). In plasma, the MAWR ranged from 8% to 13% 1o
( . 42% for the best, median, and worst case predictions

of the pharmacokinetic model. In whole blood the
T\ ranged from 6% to 19% to 82% for the besy,
median. and worst case predictions of the pharma-

R R R R R T

cokinetic model. The average value ‘of individual
MAWR value: was 17% for plasma and 18% for
whole blood,

Partition coefhcien: calculation The panition co-
efficien: anslvsis was done as follows: we firss plot-
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Tabie 4  Moment analysit of the whole blnod pharmacokinetics of §-methorypsoralen

Measured % AUC ® AUMC

dose Peat AUC under AUMC ander Clearance -~ MRT v,

{mg) (ngml™' (ngml' min) data  (ng mi" min’)  daia (Lkg™ min™') (wmun) (145"
Smgdose (ns6)
Mean 4.6 46.6 N0 87.2% 187537 T1.5% 0.018 241 0.38
s.8. on 83 88 10.0% 79933 224% 0.0064 12.1 013
10 mg dose  (n = 6)
Mean 9.8 96.3 %63 $7.7% 818201 72.9% 0.017 $3.7 0.74
s.d. 0.26 4.0 2748 18.5% 279777 34.0% 0.0062 733 0.64
1S mg dose (nab) .
Mean 14 135.1 12416 4% 963849 74.4% 0.018 410 - 0.6
s.d. 0.67 43.0 ST\ 3.6% 664456 10.0% 20.00%3 18.3 0.20
Average S :

0.012 41 0.59

s.d 0.0086 44.0 0.40

Table 5§ Compartmeatal analysis. showing the volumes and
clearances for §-methoxypsoralen relative to dlood and plasms
concentrations, as estimated by NONMEM. The volume of
distribution at steady state, fractional coefficients end expo-
oeals ere denved from the volumes and clearances by classical
formulae. The ‘CVY" represents the siandard deviation of the
estimated parameters in the population in the jog domain,
which only approximate the cosficient of variation in the
standard domaia !

Whole blood
Estimate CV Estimate  CY
Estimared parameisrs
Volumes (1 kg*') .
Cental 0.048 S% 0.081 ' %

Rapid distribution 0.87 S4% 118 %

Slow distnibution 0.15 kY19 0.21 %
Clearances (1 kg"* min™')

Systemuc 0.010 25%  0.018 2%

Rapid distribution 0.0067 - 14%  0.011 k$
Slow distribution 0.012 40% 001s Si%
Derived paramerers
Volumes (1 kg™')
Sicady state 0.76 : 14
Fractional coethcients .
A 0.94 09s
B 0.046 0.036
o 0.014 0.011
Hybrid ratc constants (min®')
a - 0.66 070
B 0.047 0.045
) = 0.0070 0.0052
Measures of goodness of fit .
Retidual CV (@) % %
MDWR -10% +5%
MDAWR 17% 18%

ted partition coefficient (PC) vs time and PC vs C,.

¢ graph of PC vs time was nearly random and sug.
gested 0o relationship. The graph of PC vs C, was
polyexponential in appearance. Figure $ shows the
partition coefficient. over concentration in each in-

dividual. We estimated the parameters of s poly-
exponential model relating PC to concentration. The
estimates and variability of the parameters given by
the fitting supported the design of the mode!.

The final model for the relationship between time
and parntition coefficient was

PC = 0.3] + 23.8¢1'% o 0.60e450% (12)

There was no significant relationship between time
and PC.

Discussion

This study characterized the arterial pharmacokinetics
of 8-MOP administered intravenously 1o human vol-
unteers. Arterial samples were used instead of venous
samples because the .concentration in arterial blood
accurately reflects the time-course of systemic ex-
posure during treatment, while the concentration in
venous blood is affected by the upiake of drug into
the tissues of the hand and the forearm. The study
was designed from prior human studies with oral

- dosing, as described below.

Pretreatmens. treatment and posi-treatment

During treatment of psoriasis, oral doses of 0.4 to 0.7
mg kg™' of 8-MOP are commonly used, and such
doses are given three times a week for several weeks.
The peak plasma concenwation has been observed

. approximately 1.5 h {3] to 3 h [4) after oral adminis-

tration. depending on the formulation. For this reason
UVA therapy is usually performed 2 h afier 8-MOP g
administration. The peak plasma concentration achieved
has been reported to range from 155 ng mi~' (3] to
325 ng ml™ (4). In this study we administered a .
smaller dose of 8-MOP (0.06 to 0.2 mg kg~'). but
administered it intravenously with the inteation of
achieving s similar range of peak plasma concentra-
tion to that reponted with psoriasis therapy. In this
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study. the peak plasma concentrations in one subject
teached 322 ng mi™'. In all other subjects the peak
Plasma concentrations were less than 200 ngml-!
None of our subjects experienced significant side
effects or vital signs changes. None received UVa
therapy. and all wote u.v. protective glasses. In PUVA
therapy. some scute minor effects have been reported,
depending on the 8-MOP formulation and "dose
administered: nausea (3% to S1%) [16-18]. headache

(2%) [16). dizziness (1.8%) (16), pruritus (14% w0

71%) [16, 17). A higher and earlier peak concentra.
tion has been observed when side effects were pre-
sent (417 ng ml™' vs 280 ng mi™') [19]. In primates
tecciving 2-18 mg kg™' 8-MOP orally, only dose-
dependent emesis, but o organ damage was observed
[20]. Chronic surveillance of PUVA therapy has
failed to identify any clinically relevant toxicity [16,
21). Also. a prospective study over § years examining

‘ Thus. & subject whose concentration were perfectly described by the model would de fepeeseated by s siraight horizontal

ophthalmological findings in patients receiving PUVA
indicated a small risk of ocular damage in patients
who received at least 100 PUVA weatments [22).
When it occurred, ocular damage was thought to be
associated with exposure 10 the combination of UVA
light and 8-MOP.

Pharmacokinetic analysis

Linearity analysis In the range of doses studied. we
found the concentration vs time curve to be linearly
correlated to the dose. Different findings have been
described by two authors: Schmid afier orsl admin-
istration reported large differences in bioavailability
and shape of the concentration vs time curve with
dose and formulation [$). Schmid explained this on
the basis of a significant frst pass effect. Giving
higher dose (1-10 mg kg™! i.v.) to dogs. Monbaliu
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described a decreasing clearance when increasing the
dose, suggesting saturable metabolism [7]. Our data
here suggest that the doses sdministered were too
small 1o saturate the metabolic pathway. Although we
conclude that the phsrmacokinetics of $-MOP are
linear, this may be not true at higher doses.

Moment analysis  The moment analysis is often con.
sidered as a reference method. its main advantage
being that its only assumptions are simply linearity
and elimination of all drug from the central compan-
ment [23]). It estimates only the fundamentsl parame:
ters clearance, volume of distribution at steady state,
and mean residence time, and does not provide pre-
dicted conceatrations over time. The inability of
moment -analysis to predict concentrations limits its
application as a modelling tool. Additionally, it is
highly dependent on the accuracy of the extrapolated
portion of the curve (as is compartmental modelling,
of course). The extrapolated portion of the curve will
affect the AUMC more than the AUC. As clearance is
8 function of AUC. while V,, depends on both AUC

and AUMC, it would be expected that the clearance
estimated by moment analysis would agree with the
clearance estimated by compartmental analysis, while
the V,, might differ more between the two techniques

. because of intrinsic differences in how the terminal

slope, and thus the areas under the moment curves, is
calculated.

In this analysis the plasma clearance of 8-MOP
was estimated to be 0.012 | kg™' min™' by moment
analysis, which is in very reasonable agreement with
the clesrance of 0.010 1 kg™! min™' estimated by com-
parimental analysis. The whole blood clearance of 8-
MOP was estimated w be 0.018 | kr' min~! by
moment analysis, and 0.013 1 kg~! min~' by compart-
ment analysis, again showing excellent agreement
By contrast, using moment analysis the V, was 0.61 ©
and 0.59 1 kg™' in plasma and whole blood respec-

tively, while using compartmental analysis the V,, .

was 0.76 and 1.42 1 kg"' ir. plasms and blood respec-
tively. This likely reflects the fact that only 60-75%
of the AUMC calculation was derived directly from
the observed daw, while the remajning 25-40% was
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line.

eatirely extrapolated. This differerice in V., between
the two approaches does nmot indicate that one
spproach was wrong, and the other was correct, but
simply that the data were not sampled long enough to
give confidence in the estimates of the V.. However,
for the purpose of estimating the peak concentration
and the total exposure (e.g. AUC) to 8-MOP follow-
ing intravenous administration, the agreement of the
momeant and compartmental calculations of clearance
indicates that the study design was entirely adequate.

Compartmental analysis ~ Several approaches o
companmental analysis have been described [24) and
recently compared for multicompartmental models
[25). We chose a mixed-effects population pharmaco-
kinetic analysis as the best available method 10 assess
the interindividual variability of the parameters. The
three compartment model was preferable to the two
compartment model. Inclusion of the weight as a

covariate provided a significant improvement in the

log likelihood when compared with a son-propor-
tional model. Models in which the volumes and clear-
Ances were proportional to body surface area or lean
body mass resulted in similar, but not better, log like-
lihood values to the weight-proportional model. The

other covariates did not show further improvement in

the log likelihood beyond that obtained with the
weight-proportional model.

As it can be visually estimated on the plot of WR
(Figure 3)°, the pharmacokinetic parameters estimated

< :

P:w commuaication: Young L. er al. The influence of
model misspecification oa pharmacokinetic parameter estima-
‘P8 preparstion. .

by NONMEM accurately described the observed data.
A moderate bias appeared for the last post-infusion
samples in plasma (i.e. the model slightly overesti-
mated the late concentrations). This was not observed
for whole blood partly because the limit of detection
was achieved earlier.

Only plasms pharmacokinetic data are available
from the literature. Herfst and colleagues [3] used »
two compartment model for pbarmacokinetic analysis
in paticnts receiving oral 8-MOP for treatment of
psoriasis. They found higher values for both volume
of distribution at steady state (3.2 1 kg™ v 0.76 1 kg~
in our study) and elimination clearance (154-219 1 b,
compared with 48 | h°'). These differences with our
results are probably due to the oral route of adminis-
tration and the assumption by Herfst and colleagues
that 8-MOP is completely bioavailable when taken
orally. When s drug is administered orally, clearance
must be calculated as:

: Dosex F
AUC

where F is the fraction bioavailable. What Herfst and
colleagues have therefore calculated is not clearance,
but CL/F. If we assume that the true merabolic clear-
ance is 48 1 b™', as calculated in our study, and that
CLJF as estimated by Herfst er al. was 186. 1 h-'
(the average of their range of values). then we can
infer by combining these results that F, the fraction
bicavailable, is approximately 26%. However, Herfs1
el al. studied chronically treated patients, and it may
be that chronic treatment increases clearance {26).
Thus. the true F may be somewhat higher than sug-
gested by this caleulation.

CcL L1 D)
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Mays and colleagues gave variable doses of 8-
MOP i.v. to rats and found a similar V, (084 1kg™)
1o what we report {27). Their estimates of clearance
decreased with increasing doses of 8-MOF, and for
high doses they report similar clearance to what we
report herein. In dogs given intravenous 8-MOP
Monbaliu and colieagues found & similar clearance to
what we report herein. but a higher volume of diserib-
ution [7).

Fartition coefficient analysis  Pibouin and colleagues
directly measured the panitioning of 8.-MOP between
red blood cells and serum [28]. They found a par-
tition coefficient of spproximately 20% (RBC:serum
ratio). They also reported that 8-MOP binding in
serum was high (91.4%) and was constant within the
therapeutic range, suggesting concentretion-indepen-
dent pharmacokinetics for conventional doses. Our
results are consistent with theirs. We found & greater
partitioning within red blood cells (31% intercept at
Cy = 0). The differance may be because the red blood
cell concentration was calculated from whole blood
and plasma concentration in our study, and not
directly measured. Additionally, we found a concen-
tration dependence of the partition coefficient that
Was not reported by Pibouin and colleagues. Pibouin
and colleagues did observe that the concentration in
red blood cells was three-fold higher than would have
been predicted by passive diffusion alone, suggesting
active transport into the cells. Our results showing
concentration dependence suggest that this transport
mechanism is saturable. Additionally, the presence of
two different rate constants suggests that there may
be more than one site of 8-MOP transpont. Of critical
significance to our pharmacokinetic modelling, how-
ever, is that dependence of the partition coefficient on
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plasma concentration would not be expected to aiter
significantly the linearity of the pharmacokinetics
within the observed range of 8-MOP concentrations
In that the purpose of this study is 10 assess (he
likely mean and range of 8.-MOP soncentrations
resulting from an intravenous administration of 8.
MOP to patients receiving a platele: transfusion. we
performed a final snalysis of our data. For the 18 sub-
jects studied. we normalized their plasma concentra.
tions to a dose of 1.0 mg administered over 60 min
(Figure 1, lower graph). and then multiplied  the
resulting concentrations by 7.5 mg to reflect their
likely concentrations had they received a dose of
7.5 mg in the study. We then calculated. in the log
domain (reflecting the log-normal distribytion of
plasma concentrations) the mean and 90% confidence

-bounds. The 90% confidence bounds are based.on ‘the

standard deviation times 1.71, the 1 statistic for 10%
probability with 17 degrees of freedom. Thé mean
and upper and lower confidence bounds were trans.
formed back to the standard domain for graphic
representation (Figure 6). This analysis suggests thai
with a dose of 7.5 mg infused over | b the concentra-
tion of 8-MOP in the plasma will be considerably less
than that achieved with oral doses during routine
PUVA therapy. Thus, the long history of safety asso.
cisted with oral 8-MOP is likely to be clinically
applicable to 7.5 mg of intravenously administered
8-MOP. .

To conclude, at doses that effectively inactivate
bacteria in platelet concentrates. 8-MOP plasma con-
centrations were similar to those routinely observed
when 8-MOP is administered orally in PUVA therapy.

We observed no acute toxicity after intravenous doses .

of 3 to 15 mg administered over 60 min. The concen-
tration was linearly related to the dose in the range of
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Flgure 6 - Predicied §-MOP concentration and $0% confidence bounds in plesca afier a 7.5 mg 1.v. snfusion of §
given over 60 min. —-log meas concentration. . - 90 coafidence bounds.
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doses studied. The pharmacokinetics of 8-MOP were
characterized by a rapid decay of both plasma and
whole biood concentration after the end of infusion. a
large volume of distributior, ang rapid elimination.
Using a population pharmacokinetic analysis, we
found that a three compartment weight-proportional
model accurately described the observed dats. These
results  were consistent  with the non-parametric
moment saalysis and also with the dawe from the
literature for plasms 8-MOP pharmacokinetics. We
anticipate that 7.5 mg 8-MOP. administered over 60
min, would not be associated with excessive plasma
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