
RESEARCH PAPER

Impact of Older Age on the Exposure of Paclitaxel: a Population
Pharmacokinetic Study

Marie-Rose B. S. Crombag1,2 & Aurelia H. M. de Vries Schultink1,2 & Stijn L.W. Koolen3 & Sophie Wijngaard3 & Markus Joerger4 &

Jan H. M. Schellens2,5 & Thomas P. C. Dorlo1,2
&Nielka P. van Erp6 & Ron H. J. Mathijssen3 & Jos H. Beijnen1,2 & Alwin D. R. Huitema1,2,7

Received: 23 September 2018 /Accepted: 20 December 2018 /Published online: 7 January 2019
# Springer Science+Business Media, LLC, part of Springer Nature 2019

ABSTRACT
Purpose Limited available data suggest that older patients
are more prone to develop paclitaxel-induced toxicity
than their younger peers. It remains unclear whether
this is related to age-dependent pharmacokinetics (PK)
of paclitaxel. Primary objective of this study was to de-
termine the influence of older age on the PK of
paclitaxel.
Methods PK data of patients aged ≥70 years who received
paclitaxel intravenously at the Netherlands Cancer
Institute (NKI) and the Radboud University Medical
Center between September 2012 and May 2017 were
collected. These prospectively collected data were
pooled with previously published databases from multi-
ple clinical trials conducted at the NKI and Erasmus
MC Cancer Institute. A previously developed 3-
compartment population PK model with saturable

distribution and elimination was used to describe pacli-
taxel plasma concentration-time data. Hereafter, influ-
ence of age on paclitaxel PK was assessed in a previ-
ously established full covariate model.
Results In total, paclitaxel PK data from 684 patients were
available, consisting of 166 patients ≥70 years (24%).
Median age of the cohort was 61 years (range 18 to
84 years). The impact of age, either treated as a con-
tinuous or dichotomous covariate (<70 versus ≥70 years),
on the elimination of paclitaxel was only marginal but
statistically significant (both p < 0.001 with no clinically
relevant decrease in interindividual variability). For a
typical patient, maximal elimination capacity decreased
by only 5% for a 10-year increment of age.
Conclusion In this extensive multi-center dataset, which in-
cluded a considerable number of older patients, older age had
no clinically relevant impact on paclitaxel PK.

KEY WORDS age differences . older patients . paclitaxel .
pharmacokinetics

ABBREVIATIONS
A1–3 Amount of paclitaxel in first-third

compartment
C1 log-transformed concentration

of paclitaxel
in central compartment

EMC Erasmus Medical Center Cancer Institute
HPLC-MS/MS High-performance liquid

chromatography coupled with
tandem mass spectrometry

K rate constant of the distribution between
compartments

KMEL plasma concentration at half VMEL

KMTR plasma concentration at half VMTR

NKI Netherlands Cancer Institute
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PK Pharmacokinetics
Radboud UMC Radboud University Medical

Center
VMEL maximal elimination rate
VMTR maximal transport rate from the

central to the first peripheral
compartment

INTRODUCTION

Cancer predominantly occurs in older adults (1). The propor-
tion of older adults worldwide is increasing, and anti-cancer
treatment is ever more used in older patients. However, the
elderly subpopulation was markedly underrepresented in
most clinical trials (2–5). Treatment safety and efficacy may
differ between older and younger patients, due to a progres-
sive reduction in organ functions and comorbidities (6).
Therefore, clinical trial results from younger patients cannot
plainly be extrapolated to older patients treated in routine
clinical practice. Paclitaxel is a potentially highly toxic chemo-
therapeutic agent frequently used in daily practice to treat
older patients with various cancer types including ovarian
cancer, lung cancer, breast cancer, and esophageal cancer.
As with older age the fraction of body fat generally increases
and hepatic functions may be diminished (7,8), we hypothe-
sized that the pharmacokinetics (PK) of the lipophilic drug
paclitaxel may be altered in elderly patients. Although data
are limited and results are conflicting, most studies suggest that
older patients have an increased risk of developing paclitaxel-
induced neutropenia compared to their younger peers (9–11).
A potential PK basis for these findings has not consistently
been established in clinical practice.

In previous studies conducted with data from the
Netherlands Cancer Institute (NKI; Amsterdam, the
Netherlands) we showed a small but significant effect of age
on paclitaxel PK (12,13). However, the total fraction of older
patients (≥70 years) in the final pooled analysis from multiple
clinical trials was only 6.7% (13). This finding was in line with
analyses from clinical trials conducted at the ErasmusMedical
Center Cancer Institute (EMC; Rotterdam, the Netherlands),
showing no effect of aging on paclitaxel PK (14–16). This
EMC database consisted of different clinical trials including
patients treated with paclitaxel, including 18% of patients be-
ing 70 years of age or older.

The aim of the current study was to evaluate whether older
patients have an increased exposure to paclitaxel. Therefore,
the aforementioned previous databases from the NKI and
EMC were combined and enriched with a prospective PK
dataset collected in an unselected group of patients aged
70 years or older who were treated with paclitaxel intrave-
nously in routine clinical practice.

METHODS

Prospective Data

Patients of 70 years or older who received an intravenous
infusion of paclitaxel at the NKI or the Radboud
University Medical Centre (Radboud UMC; Nijmegen,
the Netherlands) were included in the study if written
informed consent was given. The inclusion period was
from September 2012 to May 2017, and for PK purposes,
additional blood samples were taken according to a flexi-
ble sampling scheme, with the first sample collected at the
end of infusion. The number of withdrawn blood samples
was based on each patient’s availability with a minimum
of 1 and a maximum of 10 samples per patient. PK
sampling was allowed during any treatment cycle.
Paclitaxel plasma concentrations from both hospitals were
determined at the NKI using a previously validated high-
performance liquid chromatography coupled with tandem
mass spectrometry (HPLC-MS/MS) detection method,
with a validated range of 0.5–500 ng/mL (inter-assay ac-
curacy and precision both <10%) (17).

All paclitaxel containing regimes were administered ac-
cording to standard procedures of the participating study cen-
ters, using fixed infusion times, dose reduction guidelines, and
premedication. The prospective part of this study was ap-
proved by the institutional ethics committees and was carried
out in accordance with ICH Guidelines for Good Clinical
Practice (18).

Retrospective Data

Data collected in the prospective study were combined with
retrospective data from previous clinical trials conducted at
the NKI and EMC. Twelve patients from the NKI retrospec-
tive cohort who were treated with 24 h infusions of paclitaxel
were excluded from the current analysis. This resulted in a
total of 595 patients who were included in previous clinical
trials, including 77 (13%) patients aged 70 years or older.
These populations were described in detail in previously pub-
lished articles (12–16).

Population Pharmacokinetic Model

A previously developed 3-compartment population PK model
with saturable distribution and saturable elimination (13) was
used to describe paclitaxel plasma concentration-time data,
with natural logarithmic transformation of the plasma concen-
trations of paclitaxel, using the following differential equations:

dA1

dt
¼ −

C1*VMEL

KMEL þ C1ð Þ þ K 21*A2−
C1*VMTR

KMTR þ C1ð Þ þ K 31*A3−K 13*A1

ð1Þ
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dA2

dt
¼ C1*VMTR

KMTR þ C1ð Þ−K 21*A2 ð2Þ

dA3

dt
¼ K 13*A1−K 31*A3 ð3Þ

where A1, A2, and A3 represent the amount of paclitaxel in
central, first peripheral, and second peripheral compartment,
respectively. C1 represents the log-transformed concentration
of paclitaxel in central compartment, VMEL represents the
maximal elimination rate, KMEL is the plasma concentration
at half VMEL, VMTR represents the maximal transport rate
from the central to the first peripheral compartment, KMTR is
the plasma concentration at half VMTR, and K21, K31, and K13
represent the rate constant of the distribution between the cen-
tral and first and second peripheral compartment, respectively.

Random Effects Model

Characterization of interindividual variability (IIV) on VMEL,
VMTR, KMTR, Q and V3, and inter-occasion variability
(IOV) on V1 and VMEL was performed using exponential
error models. The magnitude of IIV and IOV was expressed
as percent coefficient of variation. In the previously published
model (13), the residual error model was characterized using a
proportional error model. A separate proportional error was
evaluated for each included cohort, i.e. the retrospective NKI
cohort, the retrospective EMC cohort, and the prospective
cohort, given that different analytical assays had been used.
In one of the retrospective databases, observations be-
low the quantification limit of the assay (BQL) were
discarded. It could not be retrieved from which patients
data were discarded. Therefore, regular methods for
handling BQL observations could not be used.
However, the sensitivity of the assays was sufficient to
quantify all observations at least until 24 h after end of
infusion. To mitigate potential (unknown) bias caused by
these hidden BQL data in this cohort, only in this co-
hort an additive error was added. Hence, we considered
a proportional error for each cohort, and for one cohort
an additive error was estimated together with the pro-
portional error, using the following equation (19):

ln Ci j;obs
� � ¼ ln Ci j;pred

� �þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

εi j;prop2 þ εi j;add2

Ci j;pred
2

s

ð4Þ

where Cij,obs represents the observed concentration for the
ith individual and the jth observations, Cij,pred represents the
individual predicted concentration for the ith individual and
the jth observations, and εij,prop and εij,add represent the propor-
tional and additive error, respectively, distributed N(0,σ2),
where σ2 represents the population variance for the residual
unexplained variability.

Evaluation of Age as a Covariate

The previously published model (13) already included age,
gender, body surface area (BSA), and total bilirubin (BILI)
as significant covariates on VMEL, the primary PK parameter
of interest. To evaluate the impact of older age on paclitaxel
PK in the current enriched dataset, we evaluated the base
model and covariate model without and with inclusion of
the covariate age. Age was included both as a continuous
and as a dichotomous variable, by dividing the population
into two age groups, namely younger patients (<70 years)
and older patients (≥70 years). All continuous variables were
centered on their median value of the study population, in
order for population parameter estimates to represent those
of a typical patient. For evaluation of categorical covariates,
e.g. gender, on the maximal elimination rate (VMEL) the fol-
lowing equation was used:

VMEL ¼ Θ1*Θ2
GENDER*expηi ð5Þ

whereΘ1 represents the maximal elimination rate in females,
Θ2 represents the maximal elimination rate in males
(GENDER= 1), and ηi represents the interindividual error.
This equation was also used to evaluate the impact of age as a
dichotomous variable, divided into two age groups. For the
continuous variables age, BSA, and bilirubin, respectively, the
following equation was used:

VMEL ¼ Θ1*
COV

COV median

� �Θ2

*expηi ð6Þ

whereΘ1 represents the typical population value for the max-
imal elimination rate, COV represents the continuous covar-
iates age, BSA, and bilirubin, respectively, centered to their
population median value of the study population, Θ2 repre-
sents the exponential factor per continuous covariate to de-
scribe the correlation with the maximal elimination rate, and
ηi represents the interindividual error.

For covariates for which there were missing values, a sep-
arate estimate for missing values was added to the model. The
influence of older age on VMEL was evaluated by statistical
significance using the likelihood ratio test with a p value of
<0.005 (corresponding to a decrease in objective function
(dOFV) of >7.9), a clinically relevant decrease in IIV on
VMEL, goodness-of-fit (GOF) diagnostics, visual predictive
check (VPC) evaluation with n= 1000, and plausibility of pa-
rameter estimates. To evaluate whether the impact of older
age on paclitaxel PK could be explained by performance sta-
tus (PS), the impact of this covariate was evaluated in a model
including age. PS was defined using the Eastern Cooperative
Oncology Group (ECOG) scale. If the Karnofsky scale was
documented in a patient’s medical record, the ECOG PS was
calculated using the proposed conversion table by Ma et al.
(20). Simulations with the final model were performed to
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evaluate the impact of age on the time-above-threshold-
concentration of 0.05 μmol/L (TC> 0.05, depicted in hours).
Hence, a population of n= 1000 was simulated separately for
female and male patients, who all received paclitaxel 80 mg/
m2 in a 1-h infusion, with all other covariates in the final
model set to their population median.

Software

Non-linear mixed effects modeling was performed using
NONMEM® (version 7.3.0, ICON Development Solutions,
Ellicott City, MD, USA) and Pearl-speaks-NONMEM (ver-
sion 4.4.8). As estimation method the first order conditional
estimation with interaction was used. Piraña® (version 2.9.2)
was used as modeling environment and data management
and visualization was performed using R (version 3.0.1).
Furthermore, on rank sum test and Fisher’s exact test, with a
significance threshold of P< 0.05, were used to evaluate pa-
tients’ characteristics.

RESULTS

In total, 5895 samples from 684 patients (range: 1–20 per
patient per cycle) treated with intravenously administered pac-
litaxel were included in the population PK analysis, as
depicted in Table I. The dataset contained 166 patients aged
≥70 years (24%), of whom 89 patients were prospectively in-
cluded. Median age of the total cohort was 61 years, ranging
from 18 to 84 years old. Median age of the group of older
patients (≥70 years) was 73 years, whereas median age of
younger patients (<70 years) was 57 years. Administered pac-
litaxel doses ranged from 38 to 290 mg/m2, administered as
an infusion in 1 to 5 h, with blood sampling up to 55.6 h after
the start of paclitaxel infusion. Older patients received the 3-
weekly paclitaxel scheme significantly less frequent than their
younger peers (32% of older versus 67% of younger patients).
After grouping patients receiving weekly paclitaxel adminis-
trations and those receiving 3-weekly administrations, no large
age-related differences in paclitaxel administrations were ob-
served. However, a small but significant difference in weekly-
administered dose was observed between both age groups,
with a difference in median value of 3 mg/m2 and a difference
in mean value of 8 mg/m2. In older patients, the sampling
time after paclitaxel administration was shorter with fewer
samples per patient per cycle (3 in elderly versus 5 samples in
younger patients), with a median sampling time of 3.1 h after
start of infusion in the older patient group compared to 4.1 h
in the younger patient group. Other baseline characteristics
were comparable between both age groups, as shown in
Table I. Baseline bilirubin was missing in 25% of patients
and appeared to be randomly missing in the dataset. The
covariates age, BSA, and gender contained no missing data.

In Fig. 1, actual measured paclitaxel plasma concentrations
versus time are displayed per age group.

To evaluate the impact of older age on paclitaxel PK, age
was introduced as a continuous covariate into the base model,
as depicted in Table II. Addition of age to the base model
proved to be borderline significant (dOFV = 9) with a de-
crease in IIV of VMEL of around 1%.

Subsequently, the effect of age was also estimated in the
covariate model including BSA, gender, and bilirubin.
Introduction of age as a continuous variable proved to be
significant (dOFV = 33), but the decrease in IIV of VMEL

was only 1.0%. GOF diagnostics of observed versus predicted
log-transformed paclitaxel plasma concentrations and the
VPC with n= 1000 of the covariate model including age as
a continuous variable are shown in Figs. 2 and 3, respectively.
For a typical male or female patient, with median values for
BSA and bilirubin, a decrease in VMEL of 5% was calculated
for a 10-year increment from the median age, as shown in
Fig. 4. The influence of age treated as a dichotomous variable
(<70 years versus ≥70 years) was also significant (dOFV= 19)
in the covariate model. In this dichotomous age model, VMEL

was 17% higher in younger patients than in older patients,
with a median VMEL of 30.8 μmol/h in younger and
36.0 μmol/h in older patients. The corresponding decrease
in IIV of VMEL was only 0.3%. Inclusion of performance
status as covariate did not change the relationships between
VMEL and age. Simulations of female and male patients aged
between 25 and 90 years old, receiving 80 mg/m2 in a 1-h
infusion, revealed that the influence of higher age on the Tc>

0.05μM was small, as depicted in Fig. 5. With a 10-year incre-
ment an increase of less than 10% was observed. For instance,
the difference between a typical 70-year old and 80-year old
female or male patient was 6%.

DISCUSSION

In this extensive dataset including a considerable number of
elderly patients, older age had a marginal but nevertheless sta-
tistically significant impact on themaximal elimination capacity
of paclitaxel. Given the considerable interindividual variability
of paclitaxel PK and minimal effect of age on this unexplained
variability, the minor drop of paclitaxel elimination capacity in
elderly patients is not considered clinically relevant.

In the current study we used the 3-compartment model
that was previously developed by Joerger et al. (13), and the
dataset of Joerger et al. was also included in the current anal-
ysis. We performed extensive model evaluation to assess
whether the added datasets were indeed adequately described
by this previous model, e.g. including stratification on study
cohort, and regimen. We could not identify major differences
in model fit and for consistency have ultimately chosen to use
the Joerger model to evaluate the influence of age on
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paclitaxel PK. Results from the current study are in line with
paclitaxel PK parameters reported in previous studies, espe-
cially considering paclitaxel’s broadly reported large interin-
dividual variability (12,13,15). Older patients received the 3-
weekly schedule less frequently than their younger peers.
However, no large differences were observed between older
and younger patients receiving either 3-weekly or weekly pac-
litaxel administrations. Although a difference in weekly-
administered paclitaxel median dose of 3 mg/m2 between
older and younger patients reached significance in this large
cohort, the absolute difference was very small. All patients
included in this analysis received paclitaxel administered as a
short infusion, ranging from 1 to 5 h. A recent meta-analysis
showed a non-linear paclitaxel PK profile after short infusions
(≤6 h) (21). This meta-analysis also showed that infusions of

>24 h followed linear PK which were not comparable to
shorter infusions. With the introduction of corticosteroid and
antihistamine premedication, the 24 h infusion schedule is
rarely used in clinical practice today. Therefore, twelve pa-
tients from the NKI retrospective cohort who were treated
with 24 h infusions of paclitaxel were excluded from the cur-
rent analysis.

Previous studies have reported conflicting results regarding
the impact of older age on paclitaxel PK, ranging from no
effect of aging up to an approximately 20% lower total pacli-
taxel clearance in older patients compared to their younger
counterparts (9,10,13,22,23). Our study clearly showed that
there is no PK basis for the posed increased risk of developing
paclitaxel-related neutropenia in older patients. Therefore, it
is postulated that this difference can be ascribed to greater

Table I Baseline Patients’ Characteristics

Parameter Total cohort Aged< 70 yrs Aged≥ 70 yrs p value

Number of patients (n) 684 518 166 <0.001
Weekly regimen 282 (41) 169 (33) 113 (68)

3-weekly regimen 402 (59) 349 (67) 53 (32)

Age (y), med.[range] 61 [18–84] 57 [18–69] 73 [70–84]

Paclitaxel dose (mg/m2), med. [range]

Weekly regimen 52 [38–103] 54 [44–103] 51 [38–101] <0.001

3-weekly regimen 175 [88–290] 175 [95–290] 175 [88–225] 0.49

Infusion time (h), med. [range]

Weekly regimen 1 [1–4] 1 [1–4] 1 [1–3] 0.05

3-weekly regimen 3 [1–5] 3 [1–5] 3 [1-4] 0.5

No. of samples (n) 5895 5216 679 0.003
Per patient per cycle, med. [range] 4 [1–20] 5 [2–20] 3 [1–19]

Sampling time (h), med. [range] 4.0 [0.1–55.6] 4.1 [0.3–55.6] 3.1 [0.1–46.2] <0.001

Female n, (%) 383 (56) 300 (58) 83 (50) 0.09

Indication, n (%) 0.051
Lung 147 (21.5) 133 (25.7) 14 (8.4)

Gynaecological 235 (34.3) 209 (40.3) 26 (15.7)

Breast 50 (7.3) 15 (2.9) 35 (21.1)

Upper GI 194 (28.4) 119 (23.0) 75 (45.2)

Urological 22 (3.2) 11 (2.1) 11 (6.6)

Sarcoma 2 (0.3) 0 2 (1.2)

Head/neck 13 (1.9) 12 (2.3) 1 (0.6)

Unknown 21 (3.1) 19 (3.7) 2 (1.2)

Hospital <0.001
NKI 359 (52) 255 (49) 104 (63)

EMC 321 (47) 263 (51) 58 (35)

Radboud 4 (1) 0 4 (2)

BSA (m2) med.[IQR] 1.8 [1.7–2.0] 1.8 [1.7–2.0] 1.8 [1.7–2.0] 0.46

Performance Status, med.[range] 1 [0–3] 1 [0–3] 1 [0–3] 0.2

Albumin (g/L),med.[IQR] 41 [37–43] 41 [37–43] 41 [38–43] 0.25

Bilirubin, total (μmol/L), med.[IQR] 7 [5–9] 7 [5–9] 7 [5–9] 0.56

BSA= body surface area, Gynaecological = ovarian, endometrium, mullarian, cervix and vaginal cancer, h = hours, IQR= Interquartile range 25th –75th

percentile, m2 = squared meter, med. = median, mg=milligrams, n= number of patients, Upper GI= esophageal and cardia cancer, Urological = testis,
bladder, prostate, and kidney cancer, y = years
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treatment sensitivity, regardless of paclitaxel exposure, which
may be due to a deprivation of bone marrow reserve or a
reduced capacity for recovery from hematological stress in
elderly patients (24).

One may be concerned that patients included in clinical
trials do not reflect the typical older cancer patient treated in
routine clinical practice, due to e.g. strict inclusion criteria for
trial participants. The current analysis combined patients
from multiple clinical trials with a prospectively included het-
erogeneous population of older patients selected to receive
paclitaxel treatment in routine clinical practice. To enable
inclusion of all previously collected paclitaxel PK data, the
current study described total paclitaxel plasma concentra-
tions. Although it is acknowledged that the free concentration
might be more predictive of its effect than the total concentra-
tion, to our knowledge, this improved correlation has not ad-
equately and prospectively been confirmed for paclitaxel (25).
Paclitaxel has been shown to bind to serum albumin, but in
the current study serum albumin values were comparable be-
tween older and younger patients, and its effect on paclitaxel
PK appeared minor. To our knowledge, this study included
the largest number of patients thus far to evaluate the effect of
older age on paclitaxel exposure. Findings are in line with the

majority of previous studies, showing a clinically negligible
effect of older age on paclitaxel pharmacokinetics.

Time-above-threshold-concentration of 0.05 μmol/L (Tc>

0.05μM) was shown to be related to paclitaxel treatment efficacy,
neuropathy, and hematological toxicity (26–30). Preliminary
data suggested that, after weekly-administered paclitaxel, Tc>

0.05μM was predictive of efficacy and neurotoxicity (14,26,27).
In the current study, the majority of older patients received
weekly-administered paclitaxel. For simulation purposes we
used the commonly used weekly-administered dose of 80 mg/
m2. This may explain why our simulations resulted in lower
Tc> 0.05μM compared to several previous studies (28–30), al-
though it appeared to be in line with reported Tc> 0.05μM in
multiple other studies including both weekly-administered and
the 3-weekly paclitaxel regimen (15,16,26,27). Nonetheless, the
marginal impact of older age on time-above-threshold-
concentration of paclitaxel was statistically significant but was
not considered to have clinical relevance.

In the current study, age was evaluated both as a continu-
ous variable and as a dichotomous variable using a cut-off
value of 70 years. By assessing age as a continuous variable
no data were discarded thus providing the most informative
analysis. Additionally, we dichotomized data to facilitate a

0

5

10

15

0 10 20 30 40 50
Time (h)

Pa
cl

ita
xe

l c
on

ce
nt

ra
tio

ns
 (μ

m
ol

/L
)

a

0

5

10

15

0 10 20 30 40 50
Time (h)

b

Fig. 1 Measured paclitaxel plasma concentration (μmol/L) versus time (hours) plots per age group, in (a) patients <70 years old, and in (b) patients aged
70 years or older.
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more forward interpretation and presentation on the influ-
ence of older age on paclitaxel PK. The hereto applied cut-
off value of 70 years was used because multiple studies have
shown that organ functions may rapidly decline while
chemotherapy-induced hematological toxicities tend to in-
crease steeply after the age of 70 (24). By design, this study
included various paclitaxel dose regimens administered in
monotherapy or concomitantly with other chemotherapeutic
agents. Because previous studies showed no influence on the
PK of paclitaxel with co-administration of cisplatin (31–33),
carboplatin (34,35), or doxorubicin (36), these per protocol
administered combination treatments were not excluded from
the current analysis. As part of clinical practice, concomitantly
administered medication was strictly monitored to prevent

possible drug-drug interactions. However, this was not a strict
exclusion criterion of the current study. Prospectively included
older patients in this cohort generally received paclitaxel treat-
ment as part of outpatient care, which led to shorter sampling
times in the older patient group. This may introduce potential
bias, although full PK curves from older patients included in
previous clinical trials were available. Besides, the flexible
sampling scheme was implemented in order to lower barriers
to enrollment of frail older patients in the dataset.
Furthermore, both the retrospectively included datasets and
the prospectively included observational cohort contained
missing covariate data. Because our main objective was to
evaluate the influence of older age on the elimination capacity
of paclitaxel, thorough evaluation of other covariates and

Table II Population Pharmacokinetic Parameters of Paclitaxel of the Base Model, Base Model Including Age, Covariate Model without Age, and Full Covariate
Model Including Age

Parameter (unit) Base model - AGE Base model + AGE Covariate model - AGE Covariate model + AGE

Estimate RSE (%) Estimate RSE (%) Estimate RSE (%) Estimate RSE (%)

VMEL (μmol/h) 33.8 5 32.9 5 32.5 4 31.7 5

V1 (L) 12.0 3 12.0 3 12.1 3 12.0 3

V3 (L) 268 5 270 5 269 4 267 4

KMEL (μmol/L) 0.44 7 0.43 7 0.45 7 0.46 7

VMTR (μmol/h) 177 3 177 3 175 3 177 3

KMTR (μmol/L) 1.61 6 1.59 6 1.63 6 1.63 6

K21 (h
−1) 1.21 3 1.22 3 1.19 2 1.20 2

Q (L/h) 16.8 5 17.0 4 16.5 4 16.6 4

Age on VMEL NA NA −0.20 36 NA NA −0.31 17

BSA on VMEL NA NA NA NA 1.39 9 1.41 8

Gender on VMEL NA NA NA NA 1.11 3 1.12 3

Bilirubin on VMEL NA NA NA NA −0.16 15 −0.17 15

Interindividual variability

VMEL (%) 27.0 6 26.8 6 19.2 8 18.2 8

V3 (%) 36.2 8 35.9 8 34.9 8 34.7 8

VMTR (%) 26.7 6 26.7 6 26.6 6 26.7 6

KMTR (%) 66.0 6 66.0 6 65.8 6 65.4 6

Q (%) 49.5 5 49.1 5 49.6 5 49.1 5

Inter-occasion variability

V1 (%) 49.2 3 49.2 3 49.1 3 49.2 3

VMEL (%) 16.9 7 16.8 7 16.1 7 16.1 7

Residual variability

σadd (μM) 0.006 5 0.006 5 0.006 5 0.006 4

σprop1 0.141 1 0.140 1 0.141 1 0.141 1

σprop2 0.467 8 0.466 8 0.459 8 0.458 8

σprop3 0.290 2 0.291 2 0.289 2 0.291 2

AGE= age evaluated as a continuous variable, BSA= body surface area, K21 = rate constant of the distribution from the first peripheral compartment to the
central compartment, KMEL = plasma concentration at half VMEL, KMTR = plasma concentration at half VMTR, NA= not available/not applicable, Q=
intercompartmental clearance between the central and second peripheral compartment, RSE = relative standard error, σadd = additive residual error,
σprop1= proportional residual error of retrospective NKI cohort, σprop2 = proportional residual error of retrospective EMC cohort, σprop3= proportional
residual error of prospective cohort, V1 = volume of the central compartment, V3 = volume of the second peripheral compartment, VMEL=maximal elimi-
nation rate, VMTR=maximal transport rate from the central to the first peripheral compartment
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estimation of missing covariates were not within the scope of
this study. For missing values, multiple imputation or mixture
models were not performed. However, by introducing a

separate estimate for the covariate bilirubin that contained
missing data, it was precluded that missing data introduced
bias. Furthermore, we evaluated whether the impact of age on
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Fig. 2 Goodness-of-fit plots of the full covariate model including age with observed log-transformed paclitaxel concentrations versus, left panel: model
predictions of log-transformed paclitaxel concentrations, and right panel: individual Bayesian predictions of log-transformed paclitaxel concentrations.
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paclitaxel PK may be distorted by performance status, by
separately evaluating this covariate. Performance status did

not alter our conclusion regarding the impact of age on pac-
litaxel PK.
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Fig. 5 Data simulation of the effect of age in (a) female patients and (b) male patients on the time-above-threshold concentration of 0.05 μmol/L, with paclitaxel
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Fig. 4 Age as a continuous variable plotted against maximal elimination capacity of paclitaxel, with the line representing maximal elimination capacity (VMEL) of
paclitaxel and grey bars reflecting the patient distribution per 5-year age group in the total cohort.
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In this extensive dataset including a considerable number
of older patients, older age had only minor impact on pacli-
taxel PK. This study showed that there is no PK basis for a
potentially increased risk of developing paclitaxel-related neu-
tropenia in elderly patients.
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