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Abstract

Background: ModraDoc006 is an oral formulation of docetaxel, which is

co-administered with the cytochrome P450 3A4 and P-glycoprotein inhibitor ritona-

vir (r): ModraDoc006/r. Weekly treatment with ModraDoc006/r had been evaluated

in phase I trials in patients with different types of advanced solid tumors, but up to

this point in time not in patients with metastatic castration-resistant prostate cancer

(mCRPC).

Aim: We assessed safety and pharmacokinetics (PK) of ModraDoc006/r to establish

the recommended phase 2 dose (RP2D) in patients with mCRPC.

Methods: mCRPC patients, treatment naïve or following abiraterone or enzalutamide

treatment, were included. Dose-escalation of ModraDoc006/r was based on safety

and docetaxel PK. Antitumor activity was assessed by serum prostate-specific anti-

gen (PSA) and radiological evaluation.

Results: Cohort 1 (n = 5) received once weekly ModraDoc006 30 mg with ritonavir

100 mg in the morning, and ModraDoc006 20 mg with ritonavir 100 mg in the eve-

ning (30-20/100-100). The mean docetaxel area under the plasma concentration-

time curve (mAUC0-inf) was 461 ng/mL × h with 1 dose limiting toxicity (DLT); grade

3 alanine transferase increase. In cohort 2 (n = 6, ModraDoc006/r 30-20/200-200),

the mAUC0-inf was 1687 ng/mL × h with 2 DLTs; grade 3 diarrhea and mucositis. In

cohort 3A (n = 6, ModraDoc006/r 30-20/200-100), the mAUC0-inf was 1517 ng/

mL × h with 1 DLT; grade 3 diarrhea. In cohort 3B (n = 3, ModraDoc006/r 20-20/

200-100), the mAUC0-inf was 558 ng/mL × h without DLTs. The mAUC0-inf

exceeded estimated exposures of intravenous docetaxel in cohort 2 and 3A, was

lower in cohort 1 and was in range in cohort 3B. PSA decreases of >50% occurred in

6/10 evaluable patients throughout the various cohorts. In five radiological evaluable

patients, two confirmed partial responses were observed.
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Conclusion: The RP2D was established at weekly ModraDoc006/r 30-20/200-100.

Observed PSA and radiological responses suggest promising clinical activity. These

results have led to an ongoing randomized Phase 2b study, comparing weekly

ModraDoc006/r with 3-weekly IV docetaxel in patients with mCRPC.
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chemotherapy, clinical trials, drug discovery and delivery, prostate cancer

1 | INTRODUCTION

In 2004, docetaxel was the first drug to establish an overall survival

benefit in patients with metastatic castration-resistant prostate cancer

(mCRPC) and has been standard of care since.1 Intravenous (IV) docetaxel

is commonly dosed in a 3-weekly schedule, with neutropenia and neurop-

athy being dose limiting. Weekly docetaxel is comparably active with less

myelosuppression.1,2 Unfortunately, weekly infusions are inconvenient

for patients and are seldom used in practice.

Oral administration of anticancer drugs is often preferred by patients

over IV administration.3 Moreover, docetaxel formulated as an oral drug

does not require dexamethasone prophylaxis and can be more cost-

effective.4,5 However, oral administration is difficult due to a low bio-

availability of docetaxel after oral intake. Oral docetaxel bioavailability is

pharmacologically hampered by the drug efflux pump P-glycoprotein (P-

gp) and the eliminating enzyme cytochrome P450 (CYP)3A4—both

effects have been addressed by co-administration of ritonavir, which

inhibits both CYP3A4 and P-gp.6-8 In addition, it is suggested that ritona-

vir may increase the antitumor activity of docetaxel by inhibition of the

CYP3A4-mediated metabolism of the drug within prostate cancer cells.9

Furthermore, the oral bioavailability of docetaxel is pharmaceutically

hampered by its low water solubility, which was solved by production

of a solid docetaxel dispersion containing a hydrophilic carrier and

surfactant, known in tablet form as ModraDoc006.10

ModraDoc006 with ritonavir (ModraDoc006/r) treatment has

been investigated in patients with different solid tumors, but not

specifically in mCRPC patients.11 A recent meta-analysis revealed

that mCRPC patients treated with IV docetaxel have a lower doce-

taxel exposure compared to patients with other solid tumors.12

This warrants optimal dose assessment of ModraDoc006/r, in par-

ticular in patients with mCRPC. We therefore explored the safety,

pharmacokinetics (PK) and recommended phase 2 dose (RP2D) of

weekly ModraDoc006/r in patients with mCRPC, as first treatment

or following abiraterone or enzalutamide.

2 | METHODS

2.1 | Study design and treatment

The primary aim of this multicenter open label phase Ib study was to

establish the RP2D of ModraDoc006/r in a once weekly bi-daily (BID)

schedule in mCRPC patients. Dose-escalation and establishment of the

RP2D were based on the maximum tolerated dose (MTD) and PK results.

Cohort 1 was dosed at the RP2D of the previous phase 1 study; 30 mg

ModraDoc006 plus 100 mg ritonavir in the morning, followed by 20 mg

ModraDoc006 plus 100 mg ritonavir in the evening (30-20/100-100).11

During the first two weekly cycles, patients were admitted to the hos-

pital for supervised administration of ModraDoc006/r (docetaxel as Mod-

raDoc006 10 mg tablets and ritonavir as Norvir 100 mg tablets) with

7 hours between the morning and evening dose, while fasting 1 hour

before and after the administration. Granisetron premedication was given

before every administration during the first two cycles and upon indication

in subsequent cycles. Daily prednisolone (BID 5 mg) was started with the

study treatment. Patients received no dexamethasone premedication. From

cycle 3 onwards, ModraDoc006/r was used at home in a once weekly

schedule (with 7-10 hours between the two daily administrations) for a

maximum of 30 cycles. Early drug discontinuation was pursued in case of

progressive disease (PD), inadequate docetaxel exposure or grade ≥ 3

related adverse events (AEs) despite a maximum of two dose reductions.

2.2 | Patient eligibility

Patients with mCRPC considered eligible for standard palliative docetaxel

were enrolled. All patients were treatment naïve or had previously

received abiraterone or enzalutamide for castration-resistant disease. A

World Health Organization Performance Status (WHO PS) of ≤2 and life

expectancy of ≥3 months were required. Castration-resistant disease

was defined as biochemical and/or radiological progression according to

the Prostate Cancer Working Group 3 (PCWG3) recommendations.13

Hemoglobin levels of ≥10 g/dL, absolute neutrophil counts of

≥1.5 × 109/L, platelet counts of ≥100 × 109/L, serum testosterone

levels of ≤50 ng/dL (≤1.73 nmol/L) and adequate hepatic and renal func-

tions were required for inclusion. Patients with bowel obstructions or

motility disorders that could hamper the intake or absorption of drugs

were excluded. The use of concomitant CYP3A4 or P-gp modulating

drugs was not allowed, including bicalutamide <14 days prior to start of

ModraDoc006/r. Prior treatment with chemotherapy was not allowed.

The study was performed in accordance with current standards

of International Conference for Harmonization Good Clinical Practice,

the WHO Declaration of Helsinki and the Medical Research Involving

Human Subjects Act. The study was approved by the medical ethical

boards of all participating hospitals and registered (European Union

Drug Regulating Authorities Clinical Trials Database 2016-005056-13

and clinicaltrials.gov ID NCT03136640).
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2.3 | Safety

Weekly safety assessments during the first 10 weeks and every subse-

quent 2 weeks included routine physical examination, vital signs, WHO

PS, hematology and chemistry tests and recording of AEs and concomi-

tant medication. AEs were evaluated according to the Common Terminol-

ogy Criteria for AEs (CTCAE) version 4.03. Dose limiting toxicities (DLTs)

were defined as grade ≥ 3 AEs that were possibly, probably, or definitely

related to ModraDoc006/r, occurring in the first 4 weeks of treatment

despite optimal supportive care. The following toxicities were considered

DLTs: grade ≥ 3 nonhematologic toxicity, grade ≥ 4 anemia and throm-

bocytopenia or grade 3 thrombocytopenia with bleeding, grade ≥ 3

(febrile) neutropenia or inability to continue study treatment within 7 days

of scheduled dosing due to toxicity related to ModraDoc006/r. If ≥2/6

patients experienced a DLT, this dose was considered nontolerable. For

the MTD, ≤1 dose limiting toxicity (DLT) in six patients was allowed.

Patients who received ≥1 dose of ModraDoc006/r were evaluable

for AEs. Patients who did not complete the first four treatment cycles due

nondrug-related events or had clinically relevant drug-drug interactions

(DDIs), were considered nonevaluable for DLTs and were replaced. Safety

follow-up continued until 28 days after the last intake of ModraDoc006/r.

2.4 | Pharmacokinetics

Venous blood samples for PK analysis were obtained at 16 time-points up

to 48 hours after intake of the first two cycles of ModraDoc006/r.

Because of the influence of the CYP3A4-inducer enzalutamide on the PK

of ModraDoc006/r in patients in cohort 1, sampling in the subsequent

cohorts was performed at cycle 1 and cycle ≥5 in patients using

enzalutamide ≤28 days prior to the first administration of ModraDoc006/

r.14 Blood samples were collected in 4 mL lithium heparin tubes, cen-

trifuged at 1500g at 4�C for 10 minutes and stored at −20�Cwithin 1 hour

after sampling. Plasma docetaxel and ritonavir concentrations were mea-

sured by a validated bioanalytical assay with a lower limit of quantification

of docetaxel and ritonavir of 0.5 and 2.0 ng/mL, respectively.15 Docetaxel

and ritonavir PK characteristics were quantified by noncompartmental ana-

lyses, using the R software (version 3.6.1).16 For all cohorts, to ensure ade-

quate PK and in view of potential intra-patient variation, a relatively high

pre-specified target (mAUC0-inf of 800 ng/mL × h) was applied in our study

to guide our dose-escalation, based on the reported estimated weekly

exposure of 600 ng/mL × h with IV docetaxel in mCRPC patients.12

2.5 | Antitumor activity

Patients that received ≥9 weekly cycles of ModraDoc006/r were consid-

ered evaluable for response. This was assessed with prostate-specific

antigen (PSA) measurements, computed tomography and bone scintigra-

phy every 6 weeks. Biochemical response was defined as a PSA decline

of ≥50% from baseline (≤2 weeks before start), preferably confirmed by

a second PSA value ≥4 weeks later.13 Radiological response was defined

as a complete or partial regression of measurable target lesions (RECIST

version 1.1) compared to baseline, confirmed by a second scan ≥6 weeks

later. Radiographic progression was assessed per RECIST criteria and

bone progression according to the PCWG3 recommendations.13

3 | RESULTS

3.1 | Patient characteristics and study treatment

Baseline characteristics of the patients are summarized in Table 1. Of the

24 enrolled patients, 1 did not start with ModraDoc006/r and 2 were

included in the baseline population but not in the PK and safety analysis

because of DDIs. All patients had bone metastases, while 43% also had

lymph node metastases and 35% had visceral metastases. Thirteen out

of 23 (57%) patients had received prior therapy with either enzalutamide

or abiraterone. In three out of eight patients with prior enzalutamide, this

was discontinued <28 days prior to initiation of ModraDoc006/r. In total,

five patients had a DDI with ModraDoc006/r (one with mirabegron, one

with methotrexate, three with enzalutamide). At study enrollment,

4 patients had a biochemical PD only, 8 patients had radiographic

progression only, while 11 patients had combined PD.

As described in Figure 1, cohort 1 was treated with ModraDoc006/r

30-20/100-100 (n = 5) and cohort 2 with 30-20/200-200 (n = 8). In the

simultaneously evaluated cohorts 3A and 3B, patients were treated with

30-20/200-100 (N = 7) and 20-20/200-100 (n = 3), respectively.

Figure 2 summarizes the treatment duration and evaluations

per patient. Five out of 23 (22%) patients completed all

30 ModraDoc006/r cycles. The remaining 18 (78%) patients discon-

tinued before 30 cycles because of drug-related AEs (7 patients), dis-

ease progression (3 patients), switch to standard of care based on

the PK results (4 patients in cohort 1 and 1 patient in cohort 2),

toxicity related to a DDI with ModraDoc006/r (2 patients) and

nondrug-related AEs (1 patient).

3.2 | Safety

All drug-related AEs of CTCAE grade ≥ 2 are summarized in Table 2,

including the DLTs. Grade ≥ 2 drug-related toxicities, occurring in >10%

of patients, were fatigue, anorexia, diarrhea, nausea, dyspepsia and nail

toxicity. Except in the two patients with a DDI due to mirabegron and

methotrexate, no febrile neutropenia was observed.

As described in Figure 1, 1 DLT (grade 3 serum alanine transferase

increase) was observed in cohort 1 (n = 5). In cohort 2 (n = 6), 2 patients

experienced DLTs (grade 3 diarrhea and mucositis). Another patient in

this cohort experienced grade 3 febrile neutropenia, mucositis and

fatigue, which was considered nonevaluable toxicity due to a DDI with

mirabegron. In cohort 3A (n = 6), 1 DLT was observed (grade 3 diarrhea).

Another patient experienced grade 3 febrile neutropenia and grade

2 mucositis, which was considered nonevaluable toxicity due to a DDI

with oral methotrexate. In cohort 3B (n = 3), no DLTs were observed.

Therefore, based on the safety and observation of 1 DLT in six evaluable

patients, theMTDwas established as 30-20/200-100 (Cohort 3A).
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TABLE 1 Patient baseline characteristics

Characteristics
Cohort 1
30-20/100-100 (N = 5)

Cohort 2
30-20/200-200 (N = 8)a

Cohort 3A
30-20/200-100 (N = 7)b

Cohort 3B

20-20/200-100
(N = 3)c

Age

Mean (range), years 64 (54-68) 73 (63-82) 70 (60-76) 64 (55-76)

BSA

Mean (range), m2 2.23 (2.13-2.36) 2.10 (1.83-2.59) 1.97 (1.71-2.41) 2.06 (1.81-2.35)

Ethnicity

Caucasian

African descent

(black)

5 (100%)

—
8 (100%)

—
6 (86%)

1 (14%)

3 (100%)

—

WHO PS

0

1

2

5 (100%)

—
—

2 (25%)

5 (63%)

1 (13%)

3 (43%)

4 (57%)

—

1 (33%)

2 (67%)

—

Chronic comorbidities

Cardiovasculard

Pulmonarye

Diabetes mellitus

type 2

Immune diseasesf

3 (60%)

2 (40%)

1 (20%)

1 (20%)

7 (88%)

2 (25%)

2 (25%)

1 (13%)

4 (57%)

—
2 (29%)

2 (29%)

1 (33%)

1 (33%)

2 (67%)

1 (33%)

Sites of metastasis

Lymph nodes

Bone

Visceralg

3 (60%)

5 (100%)

—

3 (38%)

8 (100%)

3 (38%)

2 (29%)

7 (100%)

3 (43%)

2 (67%)

3 (100%)

2 (67%)

Prior therapy for mCRPC

Enzalutamide

<28 days prior to

start

Abiraterone

Chemotherapy

Samarium

Radium-223

3 (60%)

2

—
—
1 (20%)

2 (25%)

1

1 (13%)

—
—
—

3 (43%)

—
3 (43%)

—
—
1 (14%)

—
—
1 (33%)

—
1 (33%)

—

Type of progression

PSA only

Soft tissue only

Bone only

PSA and bone

PSA and soft tissue

PSA, soft tissue,

bone

—
1 (20%)

—
2 (40%)

1 (20%)

1 (20%)

1 (13%)

1 (13%)

3 (38%)

2 (25%)

1 (13%)

—

1 (14%)

—
2 (29%)

3 (43%)

—
1 (14%)

2 (67%)

—
1 (33%)

—
—
—

Baseline PSA

Median

(range), μg/L
134.70

(21.02-776.60)

41.50

(2.10-2100.00)

51.00

(0.10-180.00)

7.39

(1.70-26.00)

Abbreviations: BSA, body surface area; mCRPC, metastatic castration-resistant prostate cancer; N, number of patients; PSA, prostate-specific antigen;

WHO PS, World Health Organization performance status.
aEight patients were included, of whom two patients were considered nonevaluable because of a drug-drug interaction due to use of mirabegron or

discontinuation after only treatment cycle due to development of a sepsis unrelated to the study treatment.
bSeven patients were included, of whom one patient was considered nonevaluable because of concomitant use of low dose methotrexate.
cFour patients were enrolled, of whom one patient did not start in the study due to rapid clinical deterioration. This patient is not included in the safety

population.
dPulmonary conditions including: asthmatic/chronic obstructive pulmonary disease and sarcoidosis.
eCardiovascular conditions including: hypertension, aortic aneurysm, myocardial infarction/angina pectoris, venous thrombotic events with chronic

anticoagulant use, cardiac rhythm disorders.
fImmune diseases including: psoriasis, immune hepatitis, lichen planus, polymyalgia rheumatica, hypothyroidism.
gVisceral metastasis including lesions in: liver, lung, bladder, adrenal gland.
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3.3 | Pharmacokinetics

Detailed PK results are included in Table S1 and the individual plasma

concentration vs time curves of the patients in the last two cohorts

are provided in Figure S1A,B. The docetaxel AUC0-inf per cohort is

depicted in Figure 3.

In cohort 1 (n = 5, ModraDoc006/r 30-20/100-100), in cycle

1, the docetaxel mAUC0-inf was 399 ng/mL × h (coefficient of

variation [CV] 49.6%) with a mean maximum plasma concentra-

tion (mCmax) of 33.0 ng/mL (CV 55.5%). In cycle 2, the mAUC0-inf

was 524 ng/mL × h (CV 55.5%) and mCmax was 46.1 ng/mL

(CV 69.3%).

F IGURE 1 Dose levels and evaluations. Dosing and results of once weekly ModraDoc006/r per cohort. In cohort 1, patients were treated on
the RP2D established in the earlier phase 1 trial in patients with different types of solid tumors.11 *One patient with a DLT was considered
nonevaluable because of concomitant use of the P-gp inhibitor mirabegron and **one patient with a DLT was considered nonevaluable because
of the concomitant use of low dose oral methotrexate. DLT, dose limiting toxicity; N, number of patients; PK, pharmacokinetic exposure; RP2D,
recommended phase 2 dose

F IGURE 2 Duration on study and evaluations per patient. Duration of treatment with ModraDoc006/r in weeks, the reason for early
discontinuation if indicated and treatment response. Each bar represents one individual patient. Patients with PSA responses are depicted on the
left. The striped bars indicate that the patient has measurable disease according to RECIST, the corresponding evaluation (SD or PR) is depicted at
the end of the bar on the right. Each dose level is represented by one color, as stated in the legend
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In cohort 2 (n = 6) with a doubling of the ritonavir dose

(ModraDoc006/r 30-20/200-200), in cycle 1, the docetaxel

mAUC0-inf (1554 ng/mL × h (CV 67.9%) and mCmax (146 ng/

mL, CV 56.3%) increased. In cycle 2, the mAUC0-inf was

1821 ng/mL × h (CV 56.5%) and mCmax was 150.3 ng/mL

(CV 46.5%).

TABLE 2 Treatment related adverse events

Adverse eventsa Gr

Cohort 1

30-20/100-100
(N = 5)

Cohort 2

30-20/200-200
(N = 8)

Cohort 3A

30-20/200-100
(N = 7)

Cohort 3B

20-20/200-100
(N = 3)

All

cohorts
(N = 23)

Hematological

Febrile neutropenia 3 — 13% (1)b 14% (1)c — 9% (2)b,c

Leucopenia 3 — 13% (1)b — — 4% (1)b

Anemia 2

3

—
—

—
—

—
14% (1)c

33% (1)

33% (1)

4% (1)

9% (2)c

Gastro-intestinal

Diarrhea 2

3

—
—

13% (1)

25% (2)

29% (2)c

29% (2)

33% (1)

—
17% (4)c

17% (4)

Oral mucositis 2

3

—
—

—
13% (1)

14% (1)c

—
—
—

4% (1)

4% (1)

Gastro-intestinal
mucositis

3 — 13% (1) — — 4% (1)

Nausea 2 40% (2) 13% (1)b 14% (1) — 17% (4)

Vomiting 2 20% (1) — 14% (1) — 9% (2)

Anorexia 2

3

—
—

38% (3)

—
14% (1)

14% (1)

33% (1)

—
22% (5)

4% (1)

Dysgeusia 2 — — 14% (1) — 4% (1)

Dyspepsia 2 — 13% (1) 29% (2) — 13% (3)

Abdominal pain 2 — — 29% (2)c — 9% (2)c

Constipation 2 — 13% (1) — 33% (1) 9% (2)

Other

Fatigue 2

3

—
—

38% (3)

13% (1)b
43% (3)

—
33% (1)

—
30% (7)

4% (1)b

ALAT increase 2

3

—
20% (1)

—
—

14% (1)c

—
—
—

4% (1)c

4% (1)

ASAT increase 2 — — 14% (1)c — 4% (1)c

Hypotension 2 — 25% (2) — — 9% (2)

Malaise 2 — 13% (1)b — — 4% (1)b

Weight loss 2 — — 14% (1) — 4% (1)

Rhinitis 2 — — 14% (1) — 4% (1)

Balanitis 2 — — 14% (1) — 4% (1)

Peripheral

neuropathy

2 — — 14% (1) — 4% (1)

Ascites 2 — 13% (1) — — 4% (1)

Alopecia 2 — 13% (1) — — 4% (1)

Nail toxicity 2 — 13% (1) 29% (2) — 13% (3)

Paronychia 2 — — 14% (1) — 4% (1)

Dry skin 2 — 13% (1) — — 4% (1)

Skin fissures 2 — 13% (1) — — 4% (1)

Note: In case of multiple grades of the same AE, the worst grade was reported per patient. DLTs are highlighted in bold.

Abbreviations: ALAT, serum alanine aminotransferase; ASAT, serum aspartate aminotransferase; N, number of patients.
aAll CTCAE grade (Gr) ≥ 2 adverse events (AEs) that were possibly, probably or definitely related to ModraDoc006/r.
bIncluding the nonevaluable patient using mirabegron.
cIncluding the nonevaluable patient using methotrexate.
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In cohort 3A (n = 6, ModraDoc006/r 30-20/200-100), in cycle 1,

the docetaxel mAUC0-inf was 1342 ng/mL × h (CV 39.6%) with a

mCmax of 164 ng/mL (CV 30.2%). In cycle 2, the mAUC0-inf and mCmax

were 1692 ng/mL × h (CV 40.0%) and 170 ng/mL (CV 40.2%).

In cohort 3B (n = 3, ModraDoc006/r 20-20/200-100), in cycle 1,

the mAUC0-inf was 526 (CV 33.2%) and in cycle 2 this was 590 ng/

mL × h (CV 12.1%), with corresponding mCmax values of 46.1

(CV 46.8%) and 51.9 ng/mL (CV 45.7%).

To investigate DDIs, additional PK sampling was performed in

a patient in cohort 1, who used enzalutamide up to 9 days before

initiation of ModraDoc006/r. This might have lowered his doce-

taxel AUC0-inf at cycle 1 and 2 (485 and 610 ng/mL × h) as it

increased (934 ng/mL × h) at cycle 8. Another patient in cohort

2 had an extremely high docetaxel AUC0-inf (3363 and 4106 ng/

mL × h at cycle 1 and 2), potentially due to a DDI with the P-gp

inhibitor mirabegron.

4 | RP2D

Based on both the MTD and the PK, the RP2D of ModraDoc006/r

was established as 30-20/200-100 (Cohort 3A). This dose resulted in

1 DLT in six patients and a docetaxel mAUC0-inf of 1517 ng/mL × h

(CV 40.1%), which exceeds the pre-specified exposure target of

800 ng/mL × h.

4.1 | Antitumor activity

As summarized in Figure 2, PSA responses (≥50% decline) were observed

in 6 out of 10 evaluable patients (treated with ≥9 ModraDoc006/r

cycles). In five patients with RECIST measurable disease, two confirmed

partial responses (both in cohort 3B) were observed.

5 | DISCUSSION

In this study, we assessed the safety and PK of weekly

ModraDoc006/r and established the RP2D dose as 30-20/200-100

in mCRPC patients. This RP2D differs from the dose in patients

with other solid tumors, based on differences in the PK profile of

ModraDoc006/r.11 These results are in line with reported differ-

ences for IV treatment with docetaxel, where a higher clearance

was observed in mCRPC patients as compared to patients with

F IGURE 3 Docetaxel exposure per cohort. Weekly docetaxel area under the plasma concentration vs time curve from zero to infinity
(AUC0-inf) per cohort. For each patient, the AUC0-inf of two treatment cycles of ModraDoc006/r was included. Each dose level is represented by
one color, as stated in the legend. Each box represents the median AUC0-inf with the 25% and 75% percentile and the whiskers indicate the

minimum and maximum AUC0-inf that was observed in the cohort. The pre-specified exposure target is indicated by the dotted line
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other solid tumors.12 It is suggested that this can be attributed to

effects of medical castration.17 Despite a higher docetaxel clear-

ance, a similar CYP3A4 activity was observed in castrated vs non-

castrated prostate cancer patients.17 As the expression of drug

transporters and hepatic uptake of docetaxel was increased in

castrated animal models, it is hypothesized that this results in a

higher CYP3A4-mediated clearance.17 In addition, with oral doce-

taxel treatment, inhibition of CYP3A4 by ritonavir is required for

the systemic uptake. Because ritonavir is a CYP3A4 substrate itself,

a higher clearance by CYP3A4 results in lower plasma concentra-

tions of this booster drug, as was indeed observed in this study.

The combination of a higher clearance and lower uptake will lead to

a lower docetaxel exposure in mCRPC patients treated with

ModraDoc006/r. This problem was successfully addressed by

increasing the ritonavir dose in the subsequent cohorts.

The reported mAUC0-inf of 3-weekly IV docetaxel (75 mg/m2)

in mCRPC is approximately 1820 ng/mL × h.12 Extrapolating to a

weekly schedule, an equivalent docetaxel AUC0-inf would be

± 600 ng/mL × h. When extrapolated from IV docetaxel, cohort

1 (30-20/100-100) resulted in mAUCs below what would be

expected with IV docetaxel, the mAUC0-inf in cohorts 2 and 3A

(30-20/200-200 and 30-20/200-100, respectively) was substan-

tially higher and cohort 3B (20-20/200-100) was in range of IV

docetaxel. Based on the high docetaxel exposure and acceptable

safety with 1 DLT in 6 evaluable patients, cohort 3A was consid-

ered as the MTD, which was the primary endpoint of this trial.

However, although the docetaxel exposure was lower, in cohort

3B, all three patients completed the maximum of 30 weekly cycles

of ModraDoc006/r with good tolerance and promising signs of

activity. Considering ModraDoc006/r's potential role as a more

tolerable treatment alternative to IV docetaxel in a palliative set-

ting, ModraDoc006/r 20-20/200-100 may also be considered as

a promising dose level that could be further explored. In that con-

text, we decided to pursue these investigations in a subsequent

randomized phase 2b trial. This trial is currently ongoing, with a

direct comparison of both ModraDoc006/r 30-20/200-100

(cohort 3A) and 20-20/200-100 (cohort 3B) to standard IV doce-

taxel in mCRPC patients (clinicaltrials.gov ID NCT04028388).

Additional pharmacokinetic data for the ModraDoc006/r

20-20/200-100 dose will be obtained in an ongoing phase I trial

in earlier stage prostate cancer patients (clinicaltrials.gov ID

NCT03066154).

Given this phase I trial was relatively small and conducted in four

Dutch hospitals, we were not able to enroll a racially diverse patient

population. As is known from standard IV treatment, the pharmacoki-

netics, toxicity and possibly the efficacy of treatment with docetaxel

can be influenced by ethnicity.18,19 The larger ongoing follow-up trial,

conducted in multiple countries including the United States, will

hopefully enroll more patients of noncaucasian descent.

Although direct comparison has to be awaited, the hematological

toxicity of ModraDoc006/r seems lower in comparison to IV doce-

taxel, which is consistent with prior clinical studies; grade 3-4

neutropenia was not observed in this study, except in the two

patients with a DDI, compared with at least 30% of the mCRPC

patients treated with the 3-weekly IV schedule.1,2,11 Several studies

showed that neutropenia is correlated to the PK, especially to the

AUC of docetaxel.20,21 Although the reported relationship between

Cmax and neutropenia is not definitively established, the lower neutro-

penia rate with ModraDoc006/r may be explained by an up to 10-fold

lower Cmax of docetaxel with ModraDoc006/r treatment as compared

to IV docetaxel.22 In contrast, diarrhea and mucositis are the major

DLTs of weekly ModraDoc006/r.

6 | CONCLUSION

Based upon the safety and PK evaluation, we defined the RP2D of

ModraDoc006/r as 30-20/200-100. Although the docetaxel expo-

sure was lower, though in range with IV docetaxel, ModraDoc006/r

20-20/200-100 may also be considered for further exploration.

The observed safety, PK profile and preliminary antitumor activity

in both dose levels underline, in our view, ModraDoc006/r as a safe

and convenient alternative to IV docetaxel. These results have led

to an ongoing randomized Phase 2b study, comparing weekly

ModraDoc006/r with 3-weekly IV docetaxel in patients with

mCRPC.
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