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Aims: Docetaxel has been approved for the treatment of metastatic prostate cancer

in combination with prednisone. Since prednisone is known to induce the cytochrome

P450 iso‐enzyme CYP3A4, which is the main metabolizing enzyme of docetaxel in the

liver, a potential drug–drug interactionmayoccur. In this prospective randomized pharma-

cokinetic cross‐over study we investigated docetaxel exposure with concomitant predni-

sone, compared to docetaxel monotherapy in men with metastatic prostate cancer.

Methods: Patients scheduled to receive at least 6 cycles of docetaxel (75 mg/m2)

and who gave written informed consent were randomized to receive either the 1st

3 cycles, or the last 3 consecutive cycles with prednisone (twice daily 5 mg). Pharma-

cokinetic blood sampling was performed during cycle 3 and cycle 6. Primary endpoint

was difference in docetaxel exposure, calculated as area under the curve (AUC0‐inf)

and analysed by means of a linear mixed model. Given the cross‐over design the

study was powered on 18 patients to answer the primary, pharmacokinetic, endpoint.

Results: Eighteen evaluable patients were included in the trial. Docetaxel concen-

tration with concomitant prednisone (AUC0‐inf 2784 ng*h/mL, 95% confidence inter-

val 2436–3183 ng*h/mL) was similar to the concentration of docetaxel monotherapy

(AUC0‐inf 2647 ng*h/mL, 95% confidence interval 2377–2949 ng*h/mL). Exploratory

analysis showed no toxicity differences between docetaxel monotherapy and doce-

taxel cycles with prednisone.

Conclusion: No significant difference in docetaxel concentrations was observed. In

addition, we found similar toxicity profiles in absence and presence of prednisone.

Therefore, from a pharmacokinetic point of view, docetaxel may be administrated

with or without prednisone.
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TABLE 1 Literature review of docetaxel toxicities with and without
prednisone

Trials Prednisone
Neutropenia
(Gr3–4)

Febrile
neutropenia

TAX‐327 Yes 32% 3%

Venice Yes 7% <1%

Mainsail Yes 16% 5%

GETUG‐AFU15 No 32% 8%

CHAARTED No 12% 6%

STAMPEDE Yes 12% 15%

Kongsted et al. No ‐ 25%

Yes ‐ 10%

What is already known about this subject

• Docetaxel chemotherapy is approved for the treatment

of metastatic prostate cancer in combination with

prednisone, although the role of prednisone remains

controversial

• Prednisone is a CYP3A4 inducer, which is the primary

enzyme for taxane metabolism

• The effect of prednisone on docetaxel pharmacokinetics

has never been thoroughly investigated

What this study adds

• There is no significant effect of prednisone on docetaxel

pharmacokinetics

• From pharmacokinetic perspective docetaxel may be

administrated without prednisone

• The benefits of prednisone use in metastatic prostate

cancer patients should outweigh the potential adverse

events of long‐term corticosteroid use
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1 | INTRODUCTION

Docetaxel, a taxane chemotherapeutic agent, was approved by the

Food and Drug Administration and European Medicines Agency in

2004 as 1st‐line chemotherapy for metastatic castration‐resistant

prostate cancer (mCRPC) as a result of survival benefit obtained in

TAX327.1,2 In that study, mitoxantrone plus prednisone treatment

was compared to a 3‐weekly docetaxel (75 mg/m2) regimen in

mCRPC patients. Prednisone (5 mg twice daily) was added to

docetaxel to equally compare both treatment arms, although the pre-

ceding phase 2 trials with docetaxel (36 mg/m2, weekly) in mCRPC

had been conducted without prednisone.3,4 In the final analysis,

treatment with docetaxel plus prednisone improved overall survival

(OS) with 2.9 months compared to the mitoxantrone group. Subse-

quently, docetaxel and prednisone became 1st‐line chemotherapy

for mCRPC.

After the registration of docetaxel plus prednisone, the role of corti-

costeroids in the treatment of mCRPC remained controversial. In

patients with symptomatic bone metastases corticosteroids may have

a favourable palliative effect, and a reduction in docetaxel‐induced tox-

icity has been suggested.5-7 However, the effect of prednisone onOS in

mCRPC patients remains unclear.6,8 Of note, prolonged use of cortico-

steroids may lead to the development of multiple severe toxicities

including osteoporosis, adrenal insufficiency, immune suppression,

and may exacerbate comorbidities like diabetes.9 These side‐effects of

long‐term corticosteroid are a justifiable reason to reconsider the addi-

tion of prednisone to the docetaxel regimen.

Recently, 2 large clinical trials, CHAARTED and STAMPEDE,

assessed the survival benefit of docetaxel combined with androgen‐

deprivation therapy (ADT) in metastatic hormone‐sensitive prostate

cancer (mHSPC).10,11 To avoid long term exposure to steroids, the

investigators of the CHAARTED trial decided to administer docetaxel

without prednisone, whereas docetaxel was administered with predni-

sone in the STAMPEDE study. At the time of the initiation of our

study, only the results of CHAARTED were available, showing a robust

survival benefit of 13.6 months compared to androgen deprivation

therapy alone. Toxicity rates were similar to previously published work

on docetaxel plus prednisone in mCRPC patients, except for a higher

febrile neutropenia rate in CHAARTED without prednisone, as com-

pared to TAX327 where docetaxel was administered with predni-

sone.1,12 Likewise, a retrospective trial by Kongsted et al. showed

that the toxicity rates of febrile neutropenia and oedema were signif-

icantly higher in the docetaxel monotherapy group compared to the

docetaxel plus prednisone‐group (for an overview of toxicity rates

previously reported on docetaxel with or without prednisone, see

Table 1).5

As an underlying mechanism, prednisone could influence doce-

taxel pharmacokinetics (PK) via the CYP3A4 iso‐enzyme. Glucocorti-

coids are known as CYP3A inducers, and docetaxel is mainly

metabolized in the liver by the cytochrome P450 iso‐enzymes

CYP3A4 and CYP3A5.13 Consequently, this potential drug–drug

interaction could lead to higher clearance of docetaxel and therefore

diminished docetaxel exposure. In this study, we therefore
investigated the effects of prednisone on docetaxel PK in patients

with metastatic prostate cancer.
2 | METHODS

This prospective, randomized, cross‐over PK trial was carried out

between September 2016 and February 2018 at the Erasmus MC

Cancer Institute in Rotterdam, the Netherlands. The study protocol

was approved by the Ethical board of the Erasmus MC, and the

study was conducted according to the ethical guidelines of the

Declaration of Helsinki. All participants signed informed consent

before start of the study. The study was registered at the European

Clinical Trials Database (EudraCT 2016–001269‐10) and the Dutch
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Trial Register (‘www.trailregister.nl’ by NTR‐number NTR6037 or

acronym Doc‐Pred).
2.1 | Patients

We included patients with histologically confirmed metastatic prostate

cancer, both hormone‐sensitive or castration‐resistant, who were

scheduled to receive a minimum of 6 cycles of docetaxel chemother-

apy. Eligible patients were aged 18 years and older, with an Eastern

Cooperative Oncology Group performance status of 0 or 1. Adequate

organ function was required, defined by creatinine clearance

>60 mL/min, bilirubin levels <1× upper limit of normal (ULN), alanine

aminotransferase/aspartate aminotransferase <2.5× ULN, alkaline

phosphatase <5× ULN, absolute neutrophil count >1.5 × 109/L and

platelets >100 × 109/L. Patients had to be castrated either by contin-

ued ADT with gonadotropin releasing hormone analogues or by surgi-

cal orchiectomy. It was preferred that ADT started 4 weeks prior to

chemotherapy, to reach castration‐levels of testosterone before treat-

ment start. Prior hormonal treatment, such as enzalutamide and

abiraterone, was allowed. However, these therapies, including predni-

sone, had to be stopped at least 6 weeks before the start of this study.

Medication or herbal supplements known to induce or inhibit CYP3A

pathway were prohibited.
2.2 | Study design

Patients received 6 consecutive cycles of 3‐weekly docetaxel

(75 mg/m2) and were digitally randomized to receive either the 1st 3

docetaxel cycles or the last 3 cycles with prednisone (cross‐over). Pred-

nisone 5 mg twice daily was administered during 3 consecutive cycles.

Prednisone started at day 1 of cycle 1 or cycle 4 and was stopped after

the last day of cycle 3 or cycle 6 (depending on randomization arm, A or

B respectively). Prednisone dose‐modifications were not allowed

during the last week before PK sampling (cycle 3 day 1 and cycle

6 day 1) and patient compliance was assessed through a patient

diary. Docetaxel dose‐modifications because of haematological or

nonhaematological toxicities were allowed, and schedule modifications

were allowed up to 1 week. Dexamethasone is a strong CYP3A4

inducer; its use, as premedication, was restricted to only 12 and 3 hours

before docetaxel‐infusion to reduce its influence on docetaxel PK.
2.3 | PK sampling

To have maximum inducible effects of prednisone on the CYP‐

enzymes and to ensure a sufficient wash‐out period after prednisone,

we decided to undertake PK samples during cycle 3 and cycle 6. Hos-

pital admission during the first day of the 3rd and the 6th docetaxel

cycle was required to obtain 24‐hour PK blood samples.

Blood/plasma samples for determination of docetaxel PK were taken

at predefined time points (preinfusion and at 0.5, 0.92, 1.25, 1.5, 2,

3, 4, 6, 8 and 24 hours after the start of docetaxel). Plasma

concentrations of docetaxel were measured using a validated liquid
chromatography with tandem mass spectrometry method.14 PK

parameters were docetaxel concentration, expressed as dose‐

corrected area under the curve from preinfusion time‐point to infin-

ity (AUC0‐inf), maximum drug concentration (Cmax), docetaxel half‐life

(t1/2) and docetaxel clearance. AUC0‐inf was calculated using a linear

PK curve to estimate the residual AUC from the last measurable

PK point (24 hours).
2.4 | Toxicity

Secondary endpoint was describing toxicity rates during docetaxel

monotherapy cycles and docetaxel with prednisone cycles. Standard

laboratory control was performed prior to each docetaxel cycle and

when indicated according to the physician. Toxicities were scored

using the Common Terminology Criteria for Adverse Events (v.4.0)

grading. If relevant differences in toxicity rates between the treatment

arms occurred, these were analysed by McNemar test.
2.5 | Statistical analysis

A difference in systemic exposure to docetaxel of 25% was deter-

mined to be clinically relevant and it was assumed that the within‐

patient standard deviation in docetaxel PK was 25%. Given a power

of 80% and a 2‐sided α of 5%, 18 patients were required to detect a

difference.15 Since docetaxel dose‐modifications were allowed, a

dose‐correction was applied for all docetaxel concentrations to the

standard dose of 75 mg/m2. All docetaxel cycles with prednisone

were compared to all docetaxel cycles without prednisone, regard-

less of the randomization arm. Analyses of the AUC0‐inf and Cmax

were performed on log‐transformed values, since these parameters

were assumed to follow a lognormal distribution.16 Estimates for

the mean differences in (log) AUC0‐inf, Cmax and clearance were

obtained using a linear mixed effect model with treatment, sequence

and period as fixed effects and subject within sequence as a random

effect.17 Variance components were estimated based on restricted

maximum likelihood methods and the Kenward–Roger method of

computing the denominator degrees of freedom was used. The mean

differences and their 95% confidence intervals (CIs) were

exponentiated to provide point estimates of the ratio of geometric

means and 95% CIs for these ratios, which can be interpreted as rel-

ative differences in percentages. Half‐life was analysed by means of

the Wilcoxon signed rank test and described with medians and inter-

quartile ranges.
3 | RESULTS

3.1 | Patients

Twenty‐nine patients were screened, of whom 4 were screen failures

and excluded from study participation (Figure 1). We randomized 25

patients to receive either cycles 1–3 with concomitant prednisone,

http://www.trailregister.nl


FIGURE 1 Flowchart. a due to inadequate laboratory values. b Arm A: Three cycles of docetaxel plus prednisone followed by 3 cycles of
docetaxel alone. c Arm B: Three cycles of docetaxel alone followed by 3 cycles of docetaxel plus prednisone
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and cycles 4–6 without prednisone (arm A, n = 11), or vice versa

(arm B, n = 7). During treatment, 1 patient withdrew consent in arm

A, and six patients stopped treatment in arm B due to radiologically

confirmed progression (n = 3) or withdrawal of consent (n = 3).

Baseline patient and disease characteristics are shown in Table 2.

All patients, except 3 mHSPC patients, received the 1st cycle of doce-

taxel 4 weeks after initiation of ADT, to reach castration levels of tes-

tosterone. However, all patients received ADT for >1 month before

PK samples during cycle 3 were withdrawn.
3.2 | PK parameters

The geometric mean exposure of docetaxel was not significantly

different (1.9%, 95% CI ‐9.9% till 15.2%, P = .75) during docetaxel

with concomitant prednisone treatment (AUC0‐inf of 2784 ng*h/mL,

95% CI 2436–3183 ng*h/mL) compared to docetaxel monotherapy

(AUC0‐inf of 2647 ng*h/mL, 95% CI 2377–2949 ng*h/mL). The PK

variation, as expressed by coefficient of variation, was slightly higher

in the docetaxel with prednisone arm as compared to docetaxel mono-

therapy (27% and 22% respectively). All PK parameters are shown in

Table 3 and were not significantly different for docetaxel with or with-

out prednisone. Additionally, we graphically showed differences in

exposure of docetaxel in mCRPC patients (blue line) and mHSPC

patients (red line), separately in arm A and arm B; see Figure 2. We

performed a t‐test on the complete patient group (arm A and arm B

combined) and found no significant (P = .2) difference between the

exposure in mCRPC patients and mHSPC patients. Of note, we found

a 13.4% (95% CI 2.1%–23.4%, P = .025) lower exposure of docetaxel
over time, independent from randomization or disease setting. This

so‐called period effect shows lower measured concentrations of doce-

taxel in cycle 6 compared to the concentrations in cycle 3, regardless

of the addition of prednisone (Figure 2).
3.3 | Toxicity

Toxicity rates were similar between the cycles with and without pred-

nisone, see Table 4, except for neutropenia. A nonsignificant trend

towards a higher rate of all grade (grade 1–4) neutropenia (n = 12)

was observed in patients treated without prednisone as compared to

with prednisone (44 vs 22%, P = .22). Seven patients (39%) experi-

enced an episode of grade 3–4 neutropenia. Three febrile neutropenia

hospitalizations were observed, 2 of which happened during coadmin-

istration of prednisone. There was no difference in the disease setting;

toxicity was equally distributed in castration‐resistant and hormone‐

sensitive setting (data not shown).
4 | DISCUSSION

In this randomized study, the effects of prednisone on the PK of

docetaxel were evaluated. No significant difference in docetaxel

exposure with or without the administration of prednisone was

observed. This is the 1st randomized PK study investigating the effects

of prednisone on the PK of docetaxel. From a pharmacological per-

spective, we conclude that prednisone did not affect the exposure of

the docetaxel regimen.



TABLE 2 Patient and disease characteristics

Characteristic n (%)

Patients 18 (100)

Age (y), median, IQR 70 (62–73)

BMI (kg/m2), median, IQR 25.8 (24.6–28.7)

WHO performance status

−0 8 (44)

−1 10 (56)

Hormone status

‐Hormone sensitive 11 (61)

‐Castration resistant 7 (39)

Metastatic stage at screening

‐M0 5 (28)

‐M1a 4 (22)

‐M1b 8 (44)

‐M1c 1 (6)

Gleason score at diagnosis

‐ ≤7 4 (22)

‐ >7 14 (77)

Type of castration

‐Bilateral orchidectomy 1 (6)

‐LHRH analogues 17 (94)

Previous therapy

‐Radical prostatectomy 1 (6)

‐Radiotherapy prostate 3 (16)

‐Hormone therapy

Bicalutamide 6 (33)

Enzalutamide 2 (11)

‐Radium‐223 1 (6)

‐Experimental therapy 1 (6)

Lab results at baseline Median (IQR)

‐PSA, μg/L 20 (3–87)

‐Hb, mmol/L 8 (7–10)

‐LDH, U/L 196 (178–216)

‐AP, U/L 103 (70–160)

‐Albumin, g/L 44 (43–46)

AP = alkaline phosphatase; BMI = body mass index; Hb = haemoglobin;

IQR = interquartile range; LDH = lactate dehydrogenase; LHRH = luteinizing

hormone releasing hormone; PSA = prostate specific antigen;

WHO = World Health Organization.
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Glucocorticoids are classified as inducers of the CYP3A enzyme,18

and docetaxel is metabolized primarily by this iso‐enzyme. Previously,

an interaction study of docetaxel and prednisone has been published

in the Clinical Study Report of docetaxel and no relevant drug–drug

interaction was reported.19 However, that PK study was not random-

ized and included only 2 docetaxel cycles; 1 with prednisone and 1

without, possibly not providing enough time for optimal CYP‐

induction by prednisone. Moreover, that study was limited by sparse
PK‐sampling (only 6 samples during each cycle) and by limited PK end-

points of docetaxel (clearance only). Therefore, in our study, we used a

randomized cross‐over design including 6 cycles of docetaxel (3 cycles

in absence and 3 cycles in presence of prednisone), an enriched sam-

pling scheme with more relevant PK endpoints.

Although we corrected for dose reductions due to toxicity over

time, we unexpectedly did find a significant period effect in this study.

This means that a decrease in docetaxel exposure occurred in the

consecutive cycles independent of randomization or treatment. This

might be an explanation for the trend towards an overall higher incidence

of (febrile) neutropenia seen at the start of chemotherapy cycles.

There are a few potential explanations for this phenomenon. First, a

time‐dependent induction of CYP3A4 by upregulation of pregnane X

receptor due to repetitive docetaxel exposure could occur.20-23 This

phenomenon is called auto‐induction and is previously described

with several other agents, e.g. dabrafenib.24A secondpossible explanation

is anupregulationofABCB1 (P‐glycoprotein) bydocetaxel. P‐glycoprotein

is an active drug‐efflux transporter at the cell membrane of hepatocytes,

kidney cells and intestine cells. Its upregulation leads to an increased

efflux of docetaxel out of the circulation, resulting in decreased plasma

concentrations.25 This phenomenon could even lead to PK resistance to

the drug.26,27 This period effect is unlikely to be caused by castration‐

levels of the patients, since the maximum induction effect of ADT is

reached after approximately 4 weeks, whereas, in our study, patients

had received at least 9 weeks of ADT at the time of PK sampling.

Interestingly, we observed no difference in docetaxel‐induced tox-

icities in the absence or presence of prednisone, except for a nonsig-

nificant difference in neutropenia. Because our study was not

powered or designed for toxicity‐related questions, we can only con-

clude from a PK point of view that prednisone could be safely omitted

from the docetaxel regimen.

The major benefit of administering docetaxel without prednisone

could be a reduced treatment‐period of prednisone for patients with

metastatic prostate cancer. Long‐term corticosteroid use, albeit in low

dosage,may contribute to the development of severe toxicities, asmen-

tioned before.9 By excluding prednisone from the initial docetaxel che-

motherapy regimen, patients will no longer be unnecessarily exposed

to these side‐effects. Especially for those patients in the hormone‐

sensitive phase, who usually have a long life expectancy, excluding

prednisone will be of relevance to avoid long‐term toxicity with unclear

antitumor activity. In this light, Ghatalia et al. found no positive effect on

survival nor on cabazitaxel‐induced toxicity in patients with mCRPC.28

Limitations of our study include the administration of the standard

premedication dexamethasone, which is another CYP3A inducer. We

aimed to minimize the PK effect of dexamethasone on docetaxel by

excluding the latest gift of dexamethasone before docetaxel infusion.

Strengths of our study are the randomized design with extensive PK

sampling at multiple time points.

In conclusion, we found no influence of prednisone on docetaxel PK.

Docetaxel is registeredwith concomitant prednisone in themCRPC set-

ting. In metastatic hormone‐sensitive disease, the use of prednisone

should be supported by other arguments balancing the benefit of

prednisone vs the potential long‐term side effects of corticosteroid use.



FIGURE 2 Docetaxel concentration by disease setting. Each line
represents a patient for whom the measured docetaxel
concentration (geomean AUC0‐inf) during cycle 3 and cycle 6 were
connected with a line to visualize the differences in the cycles. In the
majority of the patients the measured concentration in cycle 6 is lower
than in cycle 3, reflecting the period‐effect observed in this study

TABLE 4 Toxicity with or without prednisone

Toxicity

All grades

With prednisone
n (%)

Without prednisone
n (%)

Nausea 3 (17) 5 (28)

Mucositis 9 (50) 8 (44)

Diarrhea 5 (28) 2 (11)

Sens PNP 6 (33) 6 (33)

Fatigue 12 (67) 13 (72)

Neutropenia 4 (22) 8 (44)

Febrile neutropenia 1 (6) 2 (11)

Nail toxicity 5 (28) 6 (33)

Edema 0 (0) 1 (6)

Dysgeusia 1 (6) 1 (6)

Toxicity scores with or without prednisone expressed as Common Termi-

nology Criteria for Adverse Events grade. Sens PNP = sensory

polyneuropathy.

TABLE 3 Docetaxel pharmacokinetics

Docetaxel PK parameters Docetaxel (n = 18) Docetaxel+prednisone (n = 18) Relative difference (95% CI) P‐value

AUC0‐inf
a geomean ng*h/mL (CV%) 2647 (22) 2784 (27) 1.9% (−9.9 till 15.2) .75

Cmax
a geomean ng/mL (CV%) 2454 (26) 2505 (25) −1.4% (−15.3 till 14.8) .85

CLa geomean, L/h (CV%) 55 (26) 53 (26) −2.3% (−9.5 till 5–6) .53

T1/2
b median, h (IQR) 12.6 (10.6–14.5) 13.7 (11.3–16.3) .31

AUC0‐inf = Area under curve timepoint zero until infinity; CI = confidence interval; CL = clearance; Cmax = maximum concentration; CV% = coefficient of

variation; geomean = geometric mean; T1/2 = half‐life.
a= analysed by means of a linear effect model,
b= analysed by means of Wilcoxon signed rank test.
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