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CHAPTER III

Remarkable pharmacokinetics
of monoclonal antibodies: a
quest for an explanation

J.A.A. Reijers, M. Moerland, J. Burggraaf

Monoclonal antibodies (MABs) usually display slow and limited distribution with combined
linear and non-linear elimination mechanisms. While studying individual pharmacokinetic
profiles, it was noticed that MAB plasma concentration can vary abruptly over time, with one
or more increases after the time to maximum concentration, when theoretically the concen-
tration should only decline. This chapter summarises the frequency of these additional peaks,
and assesses whether normal intra-subject variability and assay variability can explain the ob-
servations. For thisanalysis,abenchmark was used which consisted of three registered (adali-
mumab, bevacizumab, and trastuzumab) and three unregistered IcG1 MABs.

Ataselected ‘normal’ intra-subject variability of 12%, atleast 70% of the study participants
(approximately 90% for certain MABs) still had atleast one additional peak, which decreased
when the ‘normal’ variability was increased. There was no difference in occurrence between the
highandlow concentration ranges. Only high sample density seemed to be associated within-
creased likelihood of detecting additional peaks. Based on the analytical variability for the ap-
pliedligand-bindingassays(5—-10%, up to 15% at thelower limit of quantification), the number
of observed increases was extremely improbable (p <0.01) for most MABs, especially for thelarge
excursions.

Therefore, the fluctuations are likely genuine. Possible explanations and the relevance for
clinical practice are discussed.

ONOCLONAL ANTIBODIES (MABS) ARE
M widelyused to treatdiseasesinalmost
all fields of medicine. They display
highlysimilar pharmacokinetics with arelatively small
volume of distribution and a long half-life. Many of
the mechanisms responsible for these properties have
been extensively studied and are excellently reviewed
elsewhere1-5
At Centre for Human Drug Disease (CHDR), mul-
tiple clinical trials with MABs are performed annu-
ally. When studying their pharmacokinetics, it was
noticed that the plasma concentration of MABs in

individuals can follow a remarkable, or even bizarre,
time-course, characterised by (large) excursions
(figure 3.1), which seems to be in disagreement with
current understanding of drug distribution and/or
elimination.

Initially, these findings were disregarded as
normal intra-subject and assay variability, also be-
cause the mean (group) pharmacokinetic profile
usually follows a predictable time-course of slow dis-
tribution combined with both linear and non-linear
elimination. However, after observing fluctuating
individual plasma concentrations for an increasing
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FIGURE 3.1 Individual pharmacokinetic profiles

Representative patterns in individual plasma drug concentrations over time for registered monoclonal antibodies: 2 mg/kg intravenous
bevacizumab (A-D), 6 mg/kg intravenous trastuzumab (E-G), 40 mg subcutaneous adalimumab (H-K). The insets depictan enlarged sec-
tion of the first partof the profile. The dashed lines mark the end of intravenousadministration.
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TABLE 3.1 Additional peak concentrations afterintravenous administration
MAB / PERIOD VARIABILITY
4% 8% 12% 16% 24% 50%
Dose<3mg/kg
Bevacizumab (n=90)
Total 88 (97.8%) 87 (96.7%) 83 (92.2%) 72 (80.0%) 65 (72.2%) 41 (45.6%)
<24h 82 (91.1%) 79 (87.8%) 68 (75.6%) 54 (60.0%) 46 (51.1%) 25 (27.8%)
>24h 73 (81.1%) 70 (77.8%) 66 (73.3%) 61 (67.8%) 56 (62.2%) 30 (33.3%)
A(n=18)
Total 18 (100%) 17 (94.4%) 16 (88.9%) 16 (88.9%) 12 (66.7%) 1 (5.6%)
<24h 18 (100%) 17 (94.4%) 16 (88.9%) 16 (88.9%) 12 (66.7%) (5.6%)
=24h 4 (22.2%) 4 (22.2%) 4 (22.2%) 4 (22.2%) 4 (22.2%) 0
B(n=33)
Total 12 (36.4%) 12 (36.4%) 7 (21.2%) 5 (15.2%) 3 (9.1%) 1 (3.0%)
<24h 8 (24.2%) 8 (24.2%) (12.1%) 2 1%) 1 (3.0%) 0
>24h (12.1%) (12.1%) 3 (9.1%) 3 1%) 2 (6.1%) 1 (3.0%)
Dose>3 mg/kg
Trastuzumab (7 =46)
Total 46 (100%) 44 (95.7%) 42 (91.3%) 37 (80.4%) 28 (60.9%) 8 (17.4%)
<24h 45 (97.8%) 42 (91.3%) 39 (84.8%) 33 (71.7%) 22 (47.8%) 3 (6.5%)
>24h 21 (45.7%) 21 (45.7%) 20 (43.5%) 20 (43.5%) 16 (34.8%) 5 (10.9%)
C(n=7)
Total 3 (42.9%) 3 (42.9%) 2 (28.6%) 1 (14.3%) 0 0
<24h 2 (28.6%) (28.6%) 2 (28.6%) 1 (14.3%) 0 0
>24h 1 (14.3%) 1 (14.3%) 0 0 0 0

Number (percentage) of subjects with at least one peak concentration other than the maximum concentration (C,,,,) beyond ‘normal’ in-
tra-subjectvariability, for which values between 4 and 50% were chosen. Values are displayed per monoclonal antibody (MAB). A separation
ismadebetween peaksoccurringwithin thefirst 24 h fromadministrationand thereafter. A, B,and Careunregistered IcG1antibodies.

number of MABs, it was considered worthwhile to
analyse individual profiles systematically, with the
objective to determine whether the fluctuations are
genuine. A benchmark was used to assess whether
the result could indeed be explained by normal in-
tra-subject and assay variability, or that other factors
mightbeinvolved.

METHODS

HARMACOKINETIC DATA WERE TAKEN
from clinical trials with MABs in healthy
volunteers. Three registered MABs (adali-
mumab [Humira®], bevacizumab [Avastin®],and tras-
tuzumab [Herceptin®]) were analysed, as well as three
unregistered products(denoted A, B,and C). Alldrugs
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wereIgGiantibodiesand wereadministered asasingle
intravenous dose, except foradalimumab, which was
administered subcutaneously. The trial participants
were healthy subjects, mainly malesaged 18—50years,
butsome trialsincluded up to 50% females.

Alltrial procedures were performed inaccordance
with the different trial protocols. Samples were col-
lected and handled following standard operating
procedures. Within each clinical trial, MAB plasma
concentration was determined in a single exter-
nal laboratory, in a single analytical run per par-
ticipant, using validated methods. Product C was
quantitated in batches of samples across multiple
subjects, resulting in more than one analytical run
per participant.

To determine whether intra-subject variability for
MAB plasma concentration would be related to, for
example, changes in circulating plasma volume, the
time-course of albumin plasma concentration and
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erythrocyte counts were studied. As albumin and
erythrocytesare produced atarelatively constantrate,
and under normal circumstances do not leave the in-
travascular compartment, theseanalytes were consid-
ered suitablebenchmarks.

Samples for albumin concentration and erythro-
cyte count were always collected concurrently with
samples for MAB concentration, albeit at a lesser
frequency. On the administration day, albumin
and erythrocytes were quantitated 1—5 times, de-
pending on the trial protocol. Thereafter, the ratio
of the number of these samples to the number of
pharmacokinetic samples ranged between 0.5 and
1. The mean of the individual coefficients of varia-
tion (cvs) of albumin concentration per clinical trial
(70 <n<200)varied between 3.6 and 4.4% with stand-
ard deviations (sDs) of 1.2-1.2 %-point. For erythro-
cyte count, the mean ranged between 2.7 and 3.7%
and the sps 0.75-1.2 %-point, irrespective if only
samples collected on the same day (hours apart) or
duringthefulllength of the trial (days to weeks apart)
were included in the calculation.

Hence, it appeared that a conservative reference
cv (cv,) of 4% for normal intra-subject variability
(cv,) was justified. It was subsequently investigated
whether the observed fluctuations in MAB plasma
concentration exceeded 1, 2, or 3 CVs, indicating in-
creasing unlikeliness a change in the profile could
be explained by ‘normal (physiological) variability’.
Additionally, we considered a less conservative cv, of
8%, covering approximately two cvs of the observed
variability for albumin and erythrocytes, and a very
extreme variability of 50%. By applying this strat-
egy to pharmacokinetic data for different MABs, the
number of relative maxima in the concentration-time
profile (other than the absolute maximum concentra-
tion, Cy,,,) that could not be ascribed to the chosen
intra-subject variability was counted.

Excursions beyond normal intra-subject variability
were identified based on a deviation in the exponen-
tial growth constant (1) outside the margins deter-
mined by 1-3 cvs, (4, 8, and 12%) of the conservative
variability estimate or of the less conservative cv, (8,
16,and 24%). The margins for A per observation were
derived from the formula A + cv;=B- e, where A is
the observed plasma concentration, cv, the chosen
intra-subject variability, B the plasma concentration
of the previous sample, and ¢t the difference in sample
collection time between A and B. Next, the minimum
number of unique As was determined to describe the
observations (A + cv;) per individual. A deviationin A
beyond the chosen intra-subject variability was de-
fined as the requirement of two or more unique As to
describe the rising leg of the plasma concentration
curve before a relative (local) maximum was reached
(seefiguress.1foranexample).

This approach assumes linear elimination ki-
netics, which is known not to be the case for MABs.
However, the concentration-time profile of MABs
usually approximateslinearity at the observed (high)
MAB plasma levels in healthy volunteers, where the
non-linear elimination mechanism is saturated.
Additionally, the non-linearity in elimination mani-
festsas different negative As, whereas the focus of this
analysis was on deviations from thesurroundingdata
pointsinthe A in therising parts of the concentration
profile. Therefore, this approach was considered fit
for purpose.

A separation was made between peaks occurring
within the first 24 h from intravenous administra-
tion — or 14 days from subcutaneous administration
—and thereafter. Additionally, the results of the in-
travenously administered compounds werestratified
based on dose.

To study the potential impact of assay variabil-
ity, the total number of increases between relative

TABLE 3.2 Additional peak concentrationsafter subcutaneousadministration

PERIOD VARIABILITY

4% 8% 12% 16% 24% 50%
Total 128 (98.5%) 118 (90.8%) 90 (69.2%) 72 (55.4%) 54 (41.5%) 19 (14.6%)
<14days 127 (97.7%) 116 (89.2%) 87 (66.9%) 70 (53.8%) 48 (36.9%) 15 (11.5%)
>14days 13 (10.0%) 13 (10.0%) 12 (9.2%) 11 (8.5%) 11 (8.5%) 8 (6.2%)

Number (percentage) of subjects with atleast one peak concentration other than the maximum concentration (C,,,,) beyond ‘normal’ in-
tra-subject variability after a single subcutaneous dose of 40 mg adalimumab (7 = 130). Values for normal intra-subject variability were
chosenbetween4and 50%. Aseparationis madebetween peaksoccurring within thefirst14 daysfromadministrationand thereafter.
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TABLE 3.3 Probability ofincreasesbased on assay
variability

MAB / OB- Cv,

FACTOR (k) SERVED 59  10% 15% 20% 25%

Dose<3mg/kg

Bevacizumab
1.12 228 <1093 <105 0.86 1.00 1.00
1.25 153 <1099 <1037 <10 0.97 1.00
1.5 78 <1099 <1099 <1020 0.01 0.99
2 23 <1099 <1099 <1031 <107 0.20
3 8 <1099 <1097 <1037 <1016 <106
4 3 <1099 <1059 <1023 <1011 <105
5 2 <1099 <1053 <1022 <1011 <105
A 1.12 34 <1018 <108 0.10 0.39 0.62
1.25 19 <1089 <105 0.08 0.64 0.92
1.5 10 <1079 <1014 <102 0.16 0.73
2 1 <1020 <104 0.05 0.47 0.89
3 0
4 0
5 0
B 1.12 3 0.76 1.00 1.00 1.00 1.00
1.25 1 0.06 0.99 1.00 1.00 1.00
1.5 1 <106 0.14 0.86 1.00 1.00
2 1 <1020 <104 0.04 0.38 0.82
3 1 <1052 <1012 <105 <102 0.06
4 0
5 0
Dose>3 mg/kg
Trastuzumab
1.12 75 <1029 0.02 0.90 1.00 1.00
1.25 26 <1043 0.01 1.00 1.00 1.00
1.5 5 <1031 <103 0.89 1.00 1.00
2 1 <1019 <103 0.14 0.85 1.00
3 1 <1051 <1012 <104 0.01 0.21
4 1 <1082 <1019 <108 <103 <102
5 0
C 112 3 0.07 0.76 0.94 0.97 0.99
1.25 0
1.5 0
2 0
3 0
4 0
5 0

Probability (p) of finding the observed number of increases=kin
plasmaconcentration based on theassay’s coefficientof variation
(cv,).Onlyincreasesafter completion of intravenousadministra-
tionareconsidered.
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extremes =k in the individual plasma concentra-
tion-time profiles was compared to the expected
number based on the cv of the used bioanalytical
assays (cv,). Here, k is a factor for which values were
chosen as 1.12, 1.25, 1.5, 2, 3, 4, and 5, correspond-
ing to increases between 12 and 400%. A one-tailed
binomial test was performed to determine the prob-
ability (p) of finding at least the observed number of
increases=k.Samples collected before or duringinfu-
sion were excluded. This analysis could only be per-
formed for intravenously administered MABs.

The expected number of increases =k between
two consecutive extremes was calculated using the
method by Reed etalé Thisapproachassumes thatthe
plasma concentration between two samples remains
constant, which results in an underestimation of the
observed number of increases >k, as the plasma con-
centration theoretically declines after the completion
of intravenous administration. Because the p-values
of increases =k at any cv, derived with the binomial
tests are thereby overestimated, thus favouring the
probability of increases being attributed to assay
variability, this methodological shortcoming was
accepted.

According to the regulatory guidelines for ligand-
binding assays (the type usually applied when meas-
uring MABs in plasma), the cv, should not exceed
20%, except at the lower level of quantification
(LLoQ), where it should not exceed 25% .78 Theactual
cv, for the bioanalyses applied in the clinical studies
ranged between 5 and 10%, with higher levels (up
to 15%) found at LLoQ, Therefore, p-values were ob-
tained atdifferent cvs, from 5 to 25%.

Data analysis was performed with R (v2.15.2, R
Foundation for Statistical Computing, Vienna, Aus-
tria, 2012).

RESULTS

HARMACOKINETIC OBSERVATIONS WERE
available for 130 subjects receiving adali-
mumab (mean 26.1 observations per sub-
ject), 9o subjects receiving bevacizumab (mean
26.3),and 46 subjectsreceiving trastuzumab (mean
19.8). For products A, B, and C, data were available
from respectively 18, 33, and 7 subjects, with a mean
number of observations per subject of 18.9, 15.1, and
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17.4, respectively. The samples collected during the
first seven days after administration summed 16 for
adalimumab, 15 for bevacizumab, 12 for trastuzumab,
12 for A, 10 for B, and 10 for C.

Tables 3.1 & 3.2 present the number of subjects with
additional maximabeyond increasing cv;. Thisshows
thatwith aconservative cv,of 4% virtually all subjects
hadanadditional peakin their profile. Even if the var-
iability considered normal is increased to 3 v, (12%),
atleast 70% of the study participants (approximately
90% for certain MABs) still had atleast one additional
peak, with theexception of products Band C.Itshould
be noted, however, that for both products Band C, a
sparse sampling scheme was used compared to the
other MABs, with less than five samples collected
duringthefirst24h. Thismayhavelimited thechance
toidentify short-lasting concentration changes.

Atavariability of 24%,60-70% of the subjects who
received bevacizumab, trastuzumab, or product A
showed an unexplained additional relative max-
imum, a percentage which decreased further and
became moredispersed amongthe MABsatavariabil-
ity of 50%. Foradalimumab, product Band C, the cor-
responding numbers were again lower, although the
overall pattern observed with increasing intra-sub-
jectvariability was similar for all investigated MABs.
Even when consideringan intra-subject variability of
24 or 50% as normal, which is well beyond the vari-
ability (cv,) observed for albumin and erythrocytes,
additional peaks remained.

The probability of finding a number of increases
with a certain magnitude in plasma concentra-
tion rose with increasing assay variability (table3.3).
Conversely, the probability was lower for larger ex-
cursions. Within the actual cv range for the used
ligand-binding assays (5-10%), the number of ob-
served increases was extremely improbable based on
assay variability, except for product C. Evenathigher
cvs,, which are only accepted at LLoQ (up to 15% for
the used assays), assay variability mustbe considered
unlikelyin causing the observed increases, especially
for those with alarge amplitude.

A relationship between standard demographi-
cal parameters (age, [lean] body weight, BmI) and
the number or magnitude of additional peaks could
not be detected, although it should be noted that, as
a result of the trial protocols, the populations were
highly homogeneous with regard to these parame-
ters. Also, across the different trails, demographical
variability waslimited.

DISCUSSION

N THIS CHAPTER, IT IS REPORTED THAT

MABs may show unexpected and remarkable

pharmacokineticbehaviour, withincreasesin
plasma concentrationatthe time the compoundis
cleared. Theseincreases, which are occasionally sub-
stantial and long-lasting, appear to be not explained
by takingintoaccount physiological or assay variabil-
ity. There was no differencein occurrence between the
highandlow concentration ranges. Only high sample
density seemed tobeassociated withanincreased like-
lihood of detecting additional peaks.

When observing fluctuations—especially increases
—in the concentration of a drug over time, that the-
oretically should decline steadily, there are a few ex-
planations to consider. First, pre-analytical errors
should be ruled out, such as not disconnecting and
removing the infusion material upon stop of intra-
venous administration, sample switching, apply-
ing incorrect dilutions, or calculation errors, etc.
Subsequently, the assay performance should be con-
sidered critically, including, among others, assay pre-
cision, within and between-run variability, limit of
quantification, and effects of freeze-thaw cycles.

For multiple reasons, assay variability or interfer-
ence was considered unlikely to explain our obser-
vations. First, a vast number of additional peaks was
counted (table3.3). Also, the finding that comparable
fluctuations were observed for all investigated MABs,
in each assay, both in the low and high concentra-
tion ranges, and atany moment in time after admin-
istration (figure 3.1) argues against an assay-related
explanation. Furthermore, the data points before
or after the peak often confirmed the relatively high
concentration, or suggested asteady increase toward
the maximum, respectively a decrease following the
maximum. These observations are generally not
compatible with the randomness one expects toarise
from assay variability.

Another explanation to consider is physiologi-
cal variability, as — for instance — changes in volume
status over time may alter the concentration of the
MAB in plasma, while the absolute quantity in the
body remains unchanged. Fluid shifts were recently
postulated by Van Iersel et al® as the underlying
mechanism for the postural changes in MAB concen-
tration that they had observed. Similar day-to-day
variability was seen in our study with adalimumab.
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In that clinical trial, pharmacokinetic samples were
collected 12 hours apart during the first week (figure
3.1H-K). Seemingly, the evening concentrations (0.5,
1.5,2.5,...daysafteradministration) were higher than
the morning concentrations (1, 2, 3, ... days after ad-
ministration), with a mean difference of 13.3% (sD
10.5) per participant. It should be noted, however,
that for the main part of the adalimumab trial, the
participants were ambulatory, and travelled both in
the morningand evening to theclinical unit, making
postural changes unlikely.

Additionally, the magnitude of many of the re-
maining fluctuations in plasma concentration for
the investigated MABs (figure 3.1) exceeded by far
the reported increases by Van Iersel et al.® and what
would be physiologically achievableasaresult of con-
traction of the plasmavolume. Furthermore, concur-
rent changes of equal magnitude in intravascularly
distributed endogenous substances with a relatively
constant production, such as albumin and erythro-
cytes, was not seen, which is not in keeping with the
fluid shift hypothesis. In conclusion, we argue that
the majority of the observed fluctuations in the pro-
files cannot be explained by physiological variability
orassay variability and should be considered genuine.

Now that we have demonstrated that the observed
fluctuations in MAB pharmacokinetic profiles are
likely to be genuine, a few considerations are war-
ranted. First, the occurrence of additional peaks
immediately following administration (<24 h and
<14 days for intravenous and subcutaneous admin-
istration, respectively) was usually higher than in
the period thereafter, regardless of the chosen value
for normal intra-subject variability. An explana-
tion for this phenomenon may be that the sampling
frequency is usually decreased over time, thereby
reducing the chance to identify relative extremes.
Additionally, some MABs had relatively short profiles,
and thusalimited number of data pointsafter 24 h, as
was the case for products Aand B.

Next, the question rises which physiological
mechanism may be responsible for the phenomenon
of fluctuating plasma concentration. One explana-
tion comprises the capture and subsequent release
of MABs by tissues or components, which would pre-
sumably be large quantities of MAB, given the ob-
served magnitude of the excursions, with increases
of 50% or more (table 3.3). Moreover, the MAB is pre-
sumably released quite rapidly, as the changes over
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time in certain cases approach the infusion rate of
intravenous administration (figure 3.1). Earlier, we
demonstrated the endothelium to be a potential
candidate for dynamically binding biopharmaceu-
ticals.10 Nonetheless, there may be other locations
where MABs can be stored temporally. For example,
can MABs simply pool in the venous compartment or
inless perfused organs? Does an extravascular reser-
voir exist? Which physiological or pathophysiological
mechanismsunderlie the release (‘auto-injection’) of
the MAB into thecirculation?

Considering daily life, the redistribution of blood
flow tovariousorgansduringalimentation (gastroin-
testinal system), resting, and physical exercise (mus-
cles) may either mask or expose sites for adsorption,
absorption,and elimination, or, in contrast, flush out
pooled or adsorbed MABs in these organs. Possibly,
changes in the local milieu (e.g. pH), competition for
adsorption sites by other substances, and modifica-
tions to structural components involved in binding
or transport of MABs can mediate the release into the
circulation. Withoutdedicated research on the distri-
bution of MABs over the body, however, these options
remain speculative at best.

MABs are designed to specifically bind a particu-
lar target, and the resulting complex is internalised
and subsequently degraded by eitherimmune cells or
the target cell.1;3 Therefore, this elimination process
cannot contribute to increases in the plasma concen-
tration of a MAB. However, it is conceivable that an
abrupt decrease in the target-mediated elimination
route — for example, because of down-regulation of
the target following exposure toan abundanceof cir-
culating MABs — can acutely elevate plasma concen-
tration, provided that thereis continuous absorption
of the MAB into the plasma compartment, as with
subcutaneous administration. Other prerequisites
for this possible explanation are a relative high ab-
sorption rate and a significant contribution of the
target-mediated pathway to the total elimination
of the MAB, which does not seem to be the case based
on published values regarding absorption and elim-
ination rates.5>11 By analogy, although variations in
the absorption rate over time after subcutaneous ad-
ministration can theoretically change plasma con-
centrations of MABs, the absorption of MABs from a
subcutaneous depot into the circulation is generally
understood to be slow,2 which is not in line with the
observed rapid and large excursions.
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The neonatal Fc-receptor (FCRN, or Brambell-
receptor) requires special consideration. Binding of
a MAB to this receptor does not result in lysosomal
degradation, but returns the MAB-FCRN complex to
the cell membrane.1+4,5:12 Such recycling of MABs to
the vascular compartment may contribute to fluctu-
ations in plasma concentration, as MABs can be tem-
porarily sequestered from the circulation.!3 However,
researchsuggests the transportation ofimmunoglob-
ulinsby FcRNis quite rapid.14 Another function of the
FcRNistranscytosis of immunoglobulins, including
MABs. Accordingto currentunderstanding, distribu-
tion of MABs to tissues is slow and limited 1-3,5 which
suggests this process cannot explain our observa-
tions. Furthermore,albuminisalsoasubstrate of the
FcRN,!12 and comparable fluctuations in its concen-
tration have not been documented. Nonetheless, in-
volvement of the FCRN cannotbe ruled out, although
itwould beinteresting to know which factors, in that

case, can trigger abrupt changes in FCRN-mediated

transcellular transportrate of MABs.

An important question to be answered is what the
clinicalrelevance of fluctuationsin plasmaconcentra-
tionovertimecouldbe. Assumingthatplasmaconcen-

tration is a key determinant to achieve therapeutic

al

concentrations at the site of action, measuring and
understanding variations in plasma concentrations
over time are probably pivotal. Therefore, we hope to
initiateabroad discussion within thefield on possible
explanations for the observed phenomena, as well as
how toincrease more fundamental knowledge of the

pharmacokinetics of MABs.

In conclusion, the plasma concentration of MABs

canvaryabruptly and to a great extent, which cann

ot

be explained by normal physiological or assay vari-
ability. Future studies are required to elucidate this
phenomenon and to determine its relevance for clin-

ical practice.
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FIGURE 3.51 Exampleindividual pharmacokinetic
profile

Example individual pharmacokinetic profile on linear scale (a)
and logarithmic scale (B). The margins of the exponential growth
constant, A, are displayed in ¢ and are based on the formula
A+cv;=B-eM, where A is the observed plasma concentration, cv;
the chosen intra-subject variability, B the plasma concentration of
the previous sample, and ¢ the difference in sample collection time
betweenA and B. Atacv;of 8% (dark grey area), nosingle A can de-
scribe both the relative maximum at day 14 and the surrounding
curve (black dashed line). However,atacv;0f 50% (light grey area),
acommon A canbe found (grey dashed line). Hence, the additional
peakiscountedatacv;of 8%butnotatacv;of50%.
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