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Abstract
Expression of CYP3A5 protein is a basal and acquired resistance mechanism 
of pancreatic ductal adenocarcinoma cells conferring protection against the 
CYP3A and CYP2C8 substrate paclitaxel through metabolic degradation. 
Inhibition of CYP3A isozymes restores the cells sensitivity to paclitaxel. The 
combination of gemcitabine and nab-paclitaxel is an established regimen for 
the treatment of metastasized or locally advanced inoperable pancreatic can-
cer. Cobicistat is a CYP3A inhibitor developed for the pharmacoenhancement 
of protease inhibitors. The addition of cobicistat to gemcitabine and nab-pa-
clitaxel may increase the antitumor effect. We will conduct a phase I dose es-
calation trial with a classical 3 + 3 design to investigate the safety, tolerability, 
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INTRODUCTION

Despite recent advances in therapy and the use of new 
treatment regimens, such as 5-Fluorouracil, folic acid, 
irinotecan, oxaliplatin (FOLFIRINOX), gemcitabine/
nab-paclitaxel, or 5-FU/nal-irinotecan, the prognosis of 
advanced-stage pancreatic cancer is grim, with a 5-year 
overall survival (OS) of only 2.7%.1 Although these treat-
ments result in response or disease stabilization in many 
patients, ultimately all patients experience progression of 
disease due to drug-resistant cell clones.2–7

Drug-metabolizing enzymes of the cytochrome P450 
(CYP) family have an established role as determinants of 
systemic exposure of small-molecule anti-cancer agents.8 
As such, they are drivers of intra- and interpatient vari-
ability in pharmacokinetics (PKs) and hence pharmaco-
dynamics.9 Expression of CYP isozymes in tumor tissue 
has been reported since the 1990s but recent works sug-
gest a functional role as intracellular elimination mech-
anism of anticancer drugs conferring resistance to their 
antineoplastic effect.10 CYP3A5 expression in pancre-
atic adenocarcinoma (PDAC) cells of the exocrine-like 

and pharmacokinetics (PKs) of gemcitabine, nab-paclitaxel, and cobicistat. 
Although the doses of gemcitabine (1000 mg/m2) and cobicistat (150 mg) are 
fixed, three dose levels of nab-paclitaxel (75, 100, and 125 mg/m2) will be ex-
plored to account for a potential PK drug interaction. After the dose escalation 
phase, we will set the recommended dose for expansion (RDE) and treat up to 
nine patients in an expansion part of the trial. The trial is registered under the 
following identifiers EudraCT-Nr. 2019-001439-29, drks.de: DRKS00029409, 
and ct. gov: NCT05494866. Overcoming resistance to paclitaxel by CYP3A5 in-
hibition may lead to an increased efficacy of the gemcitabine and nab-pacli-
taxel regimen. Safety, efficacy, PK, and RDE data need to be acquired before 
investigating this combination in a large-scale clinical study.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Gemcitabine with nab-paclitaxel is a standard chemotherapy for metastatic 
pancreatic cancer, but all patients sooner or later develop resistance, leading to 
progressive disease and finally death. Intratumoral CYP3A expression has been 
identified as a potential resistance mechanism in preclinal studies. Cobicistat is 
an inhibitor of CYP3A and licensed to enhance the plasma concentration of HIV 
protease inhibitors.
WHAT QUESTION WILL THE STUDY ADRESS?
We hypothesize that co-administration of cobicistat with gemcitabine and nab-
paclitaxel will counteract basal and acquired chemotherapy resistance, thereby 
improving chemotherapy efficacy.
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
This open-label phase I trial will investigate safety, tolerability and pharmacoki-
netics of the gemcitabine, nab-paclitaxel and cobicistat combination. A dose esca-
lation phase with classical 3+3 design will determine the recommended dose for 
an expansion phase. The efficacy of the chemotherapy combination in terms of 
response rate, progression-free survival, and overall survival will also be analyzed 
and compared to historical data for gemcitabine with nab-paclitaxel alone.
HOW MAY THIS CHANGE CLINICAL PHARMACOLOGY OR 
TRANSLATIONAL SCIENCE?
If the combination of cobicistat, gemcitabine and nab-paclitaxel turns out to be 
tolerable and safe and also has promising efficacy, further randomized study can 
be conducted and potentially improve systemic therapy of pancreatic cancer.
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subtype is associated with basal and acquired resistance 
toward antineoplastic CYP3A substrates. Moreover, cells 
of the classical and the quasi-mesenchymal subtypes that 
do not initially express CYP3A5 can acquire CYP3A5 ex-
pression upon treatment with a drug that is inactivated 
by CYP3A5.10 Using that mechanism, tumor cells with 
drug-metabolizing capacity degrade active drug pos-
sibly also mediating resistance of neighboring tumor 
cells not expressing significant levels of CYP3A5. The 
cytoskeleton-targeting anticancer agent paclitaxel, the 
tyrosine kinase inhibitor erlotinib, and the topoisomer-
ase-inhibiting irinotecan are susceptible to degradation 
by CYP3A5-expressing tumor cells.10 Hence, inhibition 
of CYP3A-mediated drug metabolism by tumor cells is a 
possible strategy to overcome basal and acquired drug re-
sistance and increase efficacy of anticancer agents that are 
CYP3A substrates.

In CYP3A5-expressing adenocarcinoma of the pan-
creas, lower concentrations of anti-neoplastic CYP3A 
substrates are necessary to kill tumor cells when co-ad-
ministered with a CYP3A inhibitor.10–12 Therefore, addi-
tion of a CYP3A inhibitor to the established pancreatic 
cancer regimen of gemcitabine and nab-paclitaxel may 
lead to an improved efficacy in terms of prolonged pro-
gression-free survival (PFS) and OS.13 Cobicistat is a CYP 
inhibitor developed as a pharmacological enhancer of pro-
tease inhibitors for the treatment of human immunodefi-
ciency virus infections and has a favorable safety profile.14

Because the systemic elimination of paclitaxel depends 
on CYP3A4, CYP3A5, and CYP2C8, the risk of the combi-
nation lies in a potential PK drug interaction that would 
result in exaggerated paclitaxel exposure. There are no 
clinical drug interaction data between a CYP3A inhibi-
tor and nab-paclitaxel. However, there is one interaction 
study between the strong CYP3A inhibitor ketoconazole 
and solvent-based paclitaxel in ovarian cancer in which 
no significant changes in clearance were observed.15 A 
physiology-based PK model of solvent-based paclitaxel 
predicted a 1.7-fold increase in paclitaxel area under the 
curve (AUC) when adding a CYP3A inhibitor.16 Increased 
paclitaxel exposure may lead to more severe adverse drug 
reactions, most notably neutropenia and peripheral neu-
ropathy are possible. The severity of solvent-based pacli-
taxel neurotoxicity is related to increased AUC and peak 
plasma concentration, and the presence of the CYP3A4*22 
single nucleotide polymorphism, which is associated with 
decreased CYP3A activity in vivo.17

Solvent-based paclitaxel and nab-paclitaxel consider-
ably differ in their PK characteristics.18 No drug interac-
tion data neither from human trials nor in silico modeling 
is available for nab-paclitaxel. Cobicistat may increase the 
efficacy of nab-paclitaxel in the treatment of pancreatic 
cancer. Therefore, it is necessary to investigate the novel 

combination of gemcitabine, nab-paclitaxel, and cobici-
stat – all three marketed drugs with a known safety profile.

METHODS/DESIGN

We designed a phase I clinical trial to determine safety, tol-
erability, PKs, and antineoplastic activity of gemcitabine, 
nab-paclitaxel, and cobicistat that will enroll a total of 18 
patients with advanced stage, inoperable, or metastatic 
pancreatic ductal adenocarcinoma. Eligibility criteria are 
given in detail in the supplementary material (Table S1). 
The open-label trial consists of a classical 3 + 3 dose es-
calation part.19 to determine the maximum tolerable dose 
(MTD) of nab-paclitaxel and/or the recommended dose 
for expansion (RDE) of nab-paclitaxel followed by an ex-
pansion part at RDE (Figure 1).

We received approval from the national competent 
authority (Bundesinstitut für Arzneimittel) and the re-
sponsible institutional review board (Ethikkommission 
der Medizinischen Fakultät Heidelberg). The trial is reg-
istered under EudraCT no. 2019-001439-29 and in the 
German Clinical Trials Register (“Deutsches Register 
Klinischer Studien”) under DRKS00029409, and Clini caltr 
ials. gov under NCT05494866.

This is an exploratory trial. In the escalation part, a 
minimum of three and a maximum of 18 patients will 
be enrolled as described by the escalation algorithm 
(Figure 1). The maximum number of 18 patients was set 
for practical reasons and there was no formal sample size 
calculation for the dose escalation part. Dropouts that do 
not complete the first cycle for other reasons than experi-
encing a dose limiting toxicity (DLT) will be replaced.

In addition, a formal calculation of the sample size for 
the expansion part of this trial was not possible because 
the investigated treatment combination has never been 
used in patients and therefore no reasonable assumptions 
can be made about its effect. Actually, the sample size of 
the expansion part depends on the number of patients in 
the escalation part and is chosen so that there are a total of 
18 evaluable patients in the entire trial.

Dose escalation part

The dose escalation part of the study enrolls patients who 
would receive gemcitabine and nab-paclitaxel as a pal-
liative treatment according to the local standard of care. 
Treatment is administered in sequentially opened co-
horts. The patients will be treated with ascending doses 
of i.v. nab-paclitaxel (dose level 1: 75 mg/m2; dose level 2: 
100 mg/m2; dose level 3: 125 mg/m2) and with 1000 mg/
m2 of i.v. gemcitabine on days 1, 8, and 15 of a 28-day 
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cycle combined with 150 mg of oral cobicistat once daily 
on days 11–28 of cycle 1 and days 1–28 in the following cy-
cles (Figure 2). A 10 μg dose of i.v. midazolam will be ad-
ministered at cycle 1 day 1 and cycle 1 day 15 for CYP3A 
phenotyping. Each cohort will enroll three patients at 
first. In the first cohort, the first patient will be a forerun-
ner and must have completed the first cycle before the 
next two patients may be enrolled. The first 28 days of 
treatment are the observation period for DLT. After each 
cohort of three (+3), patients' data will be reviewed by the 
data monitoring committee (DMC), which will then ad-
vise on how to proceed. If no DLT occurs in the first three 
patients, the next dose level will be opened. If one DLT 
occurs, three more patients will be added to the cohort 

and if no additional DLT occurs in the overall group of six 
patients, the next dose level starts as well. If two or more 
DLTs occur in the first three patients or the group that 
was expanded to six patients, the trial will be halted. In 
this case, the DMC will meet and advise whether a proto-
col amendment is required and the study can be resumed 
or after completion of cohort 2 to define MTD and/or 
RDE and start the expansion part.

The DMC will convene when the third patient and, if 
applicable, the sixth patient of each cohort has reached day 
1 of cycle 2 and safety data from cycle 1 is fully available, 
allowing a recommendation on dose escalation or transi-
tion to the expansion part. If the study is set on hold, no 
more patients must be included. Patients already enrolled 

F I G U R E  1  The dose escalation part encompasses three sequential cohorts with three (+3) patients each treated with gemcitabine, 
nab-paclitaxel, and cobicistat. The starting dose of nab-paclitaxel for cohort 1 will be 75 mg/m2. Inclusion of additional blocks (shaded in 
gray) of three patients per cohort depends on the number of DLT occurrences in the first three patients. Escalation of subsequent dosing 
(i.e., opening of cohorts with escalated doses) also depends on the occurrence of DLTs. The data monitoring committee (DMC meetings, 
represented by black stars) will review safety data when data post 28 days of treatment of at least three patients per cohort are available (C1-
DLT observation period) and then make a recommendation on opening of the next cohorts with an escalated dose or not. DLT, dose limiting 
toxicity; DMC, data monitoring committee.

F I G U R E  2  During cycle 1 (a) 
patients will be treated with nab-paclitaxel 
and gemcitabine at days 1, 8, and 15. 
Cobicistat will be added starting with 
day 11. Blood samples for nab-paclitaxel 
pharmacokinetics (PKs) will be collected 
at day 1 and day 15 over 48 h and before 
the next nab-paclitaxel dosing (~168 h 
postdose). Treatment during subsequent 
cycles (b) will consist of cobicistat 
once daily (q.d.) with gemcitabine and 
nab-paclitaxel at days 1, 8, and 15 in all 
patients until progression.
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in the trial and well tolerating the trial medication may 
continue treatment. After completion of the dose escala-
tion part, a recommendation of the DMC will be necessary 
to decide whether or not to open the dose expansion co-
hort and which nab-paclitaxel RDE will be used.

After setting the RDE and opening the dose expansion 
part, intrapatient dose escalation will be allowed. An in-
crease of the dose is at the investigator's discretion and 
will only be made in patients who tolerated the combina-
tion well so far.

Dose expansion part

Similar patients with identical eligibility criteria as in the 
escalation part will be eligible for the dose expansion part. 
All patients of the expansion part may be enrolled and 
treated in parallel. Patients will receive 1000 mg/m2 of gem-
citabine and the RDE of nab-paclitaxel, as determined dur-
ing dose escalation, on days 1, 8, and 15. In the first cycle, 
cobicistat 150 mg once daily will be added to the nab-pa-
clitaxel/gemcitabine regimen starting on day 11. A 10 μg 
dose of i.v. midazolam will be administered at cycle 1 day 1 
and cycle 1 day 15 for CYP3A phenotyping. During the sub-
sequent cycles, the patients will take 150 mg of cobicistat 
orally, continuously from day 1 to day 28 of each cycle. The 
dose levels of gemcitabine and nab-paclitaxel for individual 
patients may have to be reduced according to individual 
tolerability at their treating physician's discretion. Within 
the treatment phase of the study (12 months), each patient 
is planned to receive up to 12 treatment cycles, unless treat-
ment will be discontinued or interrupted.

After start of treatment, patients will be staged ac-
cording to the local standard of care in intervals of 
~8–12 weeks (based on treating physician's discretion) 
until completion of treatment or until radiological pro-
gression of disease according to RECIST 1.1 or the phy-
sician's decision to stop treatment for medical reasons, 
such as intolerance or clinical progression of disease. 
Safety will be observed as from the first administration 
of study medication until 4 weeks after end of treatment. 
The end of safety follow-up determines the end of study 
(EOS) for the individual patient. For patients alive at the 
EOS, a 3-monthly survival follow-up will be performed 
subsequent to the EOS visit.

Study-related procedures

After giving written informed consent, patients will un-
dergo a screening consisting of a physical examination, 
measurement of vital signs (pulse, blood pressure, and 
body temperature), a 12-lead electrocardiogram, and blood 

drawings for laboratory assessments (clinical chemistry, 
blood cell count including differential, coagulation, se-
rology for human immunodeficiency virus, hepatitis B 
virus, and hepatitis C virus). Patients will provide a urine 
sample and a baseline liquid biopsy sample and a whole 
blood sample for pharmacogenomics from germline will be 
drawn. Patients will undergo a computed tomography (CT) 
or magnetic resonance imaging (MRI) scan of the thorax, 
abdomen, and pelvis or submit a CT scan available from 
routine clinical practice not older than 28 days. During the 
screening phase, biopsy of a tumor site is mandatory.

The patient will come to the trial center on days 1, 2, 3, 
8, 15, 16, 17, and 22 of the first cycle. Nab-paclitaxel and 
gemcitabine are administered on days 1, 8, and 15. Before 
each treatment day, a blood cell count, clinical chemis-
try, and physical examination will be performed to assess 
whether the treatment can be given or not. Treatment 
with cobicistat starts on cycle 1 day 11. In addition to 
the antineoplastic treatment, patients will receive an i.v. 
bolus of 10 μg of midazolam on cycle 1 day 1 and cycle 
1 day 15. Blood will be drawn before and 0.5, 1, 2, 2.5, 3, 
4, and 6 h. Radiological response to treatment will be as-
sessed by CT or MRI scans, performed in routine intervals 
of 8 to 12 weeks according to the local standard of care. 
The scans will be evaluated according to RECIST 1.1.20

Primary objective/end point

The primary objective is to establish a safety and toler-
ability profile of the drug combination. The primary end 
point of the trial is the safety of the combination as meas-
ured by the incidence of DLTs up to week 4 of treatment 
during dose escalation. A DLT is defined as any adverse 
event (AE) or clinically significant abnormal laboratory 
value of Common Terminology Criteria for Adverse Events 
(CTCAE) version 5.0 grade 3 or higher up to 28 days after 
the first dose of nab-paclitaxel with a suspected causal rela-
tionship to the study medication, but must be unrelated to 
the disease, disease progression, an inter-current illness, or 
co-medication and must not fall under the exceptions listed 
in Table S2. The occurrence of DLTs during the safety ob-
servation period determines the DMC's recommendation 
to open subsequent cohorts. Safety will be further (apart 
from the primary end point) evaluated by the incidence of 
treatment-emergent AEs (NCI CTCAE version 5.0).

Secondary objectives/end points

To collect data on the antitumor activity of the combi-
nation in relation to radiologic response to treatment as 
measured through by CT of the thorax, and CT or MRI 
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scans of the abdomen, and pelvis every 8–12 weeks. The 
scans will be evaluated according to RECIST 1.1 criteria 
and we will report PFS, disease control rate, objective 
response rate (ORR), and duration of response. Further 
efficacy data will be acquired in terms of OS, defined as 
the time from start of treatment to time of death from any 
cause. Administrative censoring is applied for patients 
who survive to the end of the trial.

We will investigate changes in patient-reported out-
comes (PROs), including quality of life (QoL), during 
treatment with nab-paclitaxel in combination with 
gemcitabine and cobicistat. PROs are assessed by ques-
tionnaires and are collected at screening and at day 1 
of each cycle during and after treatment. The PRO end 
points are the absolute scores at all assessed time points 
as well as the changes from the screening visit. The fol-
lowing PRO scores will be calculated according to the 
actual scoring manuals: the European Organization 
for Research and Treatment of Cancer Quality of Life 
Questionnaire (EORTC QLQ)-C30 Health-related QoL 
summary score21; the EORTC QLQ-C30 and EORTC 
PAN26 function and symptom scores22,23; fatigue from 
the EORTC QLQ-FA1224; sleep problems from the 
Pittsburgh Sleep Quality Index (PSQI)25; perceived cog-
nitive impairments and impact of cognitive changes 
from the FACT-cog26; anxiety and depression from the 
PHQ-4.27

For all patients in both study parts, nab-paclitaxel 
plasma concentrations from sequentially drawn blood 
samples at cycle 1 day 1, and cycle 1 day 15, will be mea-
sured by ultra-performance liquid chromatography cou-
pled to tandem mass spectrometry (UPLC-MS/MS). The 
plasma concentration-time profile will be constructed 
from those concentrations. The following standard PK 
parameters will be calculated by noncompartmental 
analysis (NCA): observed area under the plasma con-
centration-time curve (AUC0-72), AUC extrapolated to 
infinity (AUC0-inf), observed peak plasma concentration 
(Cmax), systemic clearance (CLsys) of nab-paclitaxel, ter-
minal elimination half-life (t1/2), volume of distribution 
(VD), and volume of distribution at steady-state (Vss). In 
addition, midazolam plasma concentrations will be mea-
sured in plasma from sequentially drawn blood samples at 
C1D1, and C1D15 by UPLC-MS/MS and the time-plasma 
concentration profile will be constructed.28 The following 
PK parameters will be calculated through NCA: AUC0-inf, 
AUC2-4, AUC0-24, Cmax, CLsys, t1/2, VD, Vss, and CLsys. The 
estimated metabolic clearance of midazolam (eCLmet) is 
a derived marker for CYP3A activity based on a limited 
sampling strategy.9,29,30

PK samples are only collected during the first cycle. 
For dose-exposure-response analysis, we will correlate 
the AUC of paclitaxel when administered with cobicistat 

during cycle 1 with the occurrence of AEs leading to dose 
reduction. We will also correlate paclitaxel AUC when 
administered with cobicistat with PFS and OS. Because 
we explore different dose levels with three to six patients 
each, the case number may not be sufficient when ac-
counting for dose reductions. Therefore, we will still cal-
culate the cumulative gemcitabine and paclitaxel doses 
of all patients and correlate the average dose per cycle 
with PFS, OS, and occurrence of AEs in an exploratory 
manner.

Exploratory objectives

On day 1 of each cycle, a liquid biopsy sample will be col-
lected to analyze cell-free DNA for copy-number varia-
tions, mutations, and methylation patterns. Additionally, 
circulating tumor cells (CTCs) will be detected using the 
CellSearch system (Menarini Silicon Biosystems) to evalu-
ate CTC numbers. These analyses have the aim to develop 
novel biomarkers that predict drug resistance and treat-
ment response from the blood samples.

The trial requires sampling of a fresh pretreatment 
tumor biopsy and a biopsy upon progression of disease. 
From these, fresh material and formalin fixed paraffin 
embedded slides will be generated to analyze PDAC.31 In 
addition, immunostaining and fluorescence in  situ hy-
bridization for CYP3A5 and ABCB1 expression/amplifica-
tion in the tumor will be performed, including evaluation 
of further biomarkers associated with PDAC subtypes, 
progression, drug resistance, and treatment response. We 
aim to also generate organoid cultures from biopsy sam-
ples with the unique opportunity to obtain paired samples 
from the same patient before and after progression. These 
models will be used to test for drug resistance mecha-
nism to identify novel therapeutic targets and biomark-
ers. Genetic, epigenetic, and mRNA expression changes 
associated with drug resistance, PDAC progression, and 
aggressiveness from organoid cultures will be determined.

All patients will have their CYP3A5 and CYP2C8 gen-
otypes determined from germline to analyze the contribu-
tion of CYP3A5 expressor versus non-expressor status and 
CYP2C8 genotype on nab-paclitaxel PKs with and with-
out concomitant administration of the CYP3A inhibitor 
cobicistat.

Statistical analysis

The primary end point of the escalation part, the oc-
currence of a DLT in a patient, will be summarized by 
frequencies in the escalation part population which 
includes all patients of the escalation part who start 
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treatment and were not replaced. All secondary end 
points are analyzed descriptively according to their 
scale in the full analysis population including all pa-
tients of the escalation and expansion part who were not 
replaced. In accordance with an intention-to-treat ap-
proach a termination of the study treatment is handled 
by a treatment policy approach which means that the 
end points are used regardless of the early termination. 
For time-to-event end points, Kaplan–Meier plots will 
be presented and median survival with 95% confidence 
intervals will be given. Subgroup analysis will be con-
ducted for dose groups and first-line treatment. The PK 
end points will be summarized by comprehensive sum-
mary statistics in the PK set consisting of all patients en-
rolled in the dose escalation and expansion part with all 
PK data available from day 1 and day 15 of cycle 1. The 
PK analysis will additionally be conducted grouped by 
CYP3A5. All analyses will be conducted with SAS (ver-
sion 9.4 or higher). A statistical analyses plan describing 
the planned analysis in more detail was finalized before 
first patient in the study.

DISCUSSION

This will be the first trial exploring the combination of a 
CYP3A inhibitor with nab-paclitaxel to improve response 
to treatment—a concept similar to the addition of beta-
lactamase inhibitors to penicillin-derivatives for the treat-
ment of bacterial infection.

We expect a considerable scientific gain from this trial 
in the following areas:

(1)  This clinical trial is a proof-of-concept trial investi-
gating the inhibition of a newly identified resistance 
factor in pancreatic cancer. The data generated in this 
trial are needed to decide whether a larger clinical 
trial exploring a combination therapy of gemcitabine, 
dose-adjusted nab-paclitaxel, and cobicistat with the 
standard regimen of gemcitabine and nab-paclitaxel 
is feasible and potentially beneficial.

(2)   No PK drug interaction trials with a CYP3A inhibi-
tor were conducted with nab-paclitaxel. The trial will 
provide the clinical data on drug interaction between 
nab-paclitaxel and cobicistat, thus adding to knowl-
edge in the field of oncological drug safety. This quan-
titative data is necessary for improved clinical decision 
making when treating patients with PDAC.

(3)   Analyzing tumor biopsies collected before and after 
therapy with gemcitabine and nab-paclitaxel will grant 
further insight into tumor biology, especially with re-
gard to the baseline and post-treatment rate of CYP3A5 
expression in advanced-stage or metastatic PDAC.

The nab-paclitaxel dose and the resulting exposure 
when combined with cobicistat is key to this trial, espe-
cially for safety but also for the scientific interpretation of 
the results. There is no drug interaction data for nab-pacl-
itaxel when combined with a CYP3A inhibitor, but a drug 
interaction trial conducted with solvent-based paclitaxel 
and the CYP3A inhibitor ketoconazole detected no change 
in plasma concentrations of paclitaxel or its 6-α-hydroxy 
metabolite.15 A recently published physiology-based PK 
(PBPK)-pharmacodynamic model of solvent-based pa-
clitaxel estimated an increased AUC ratio of 1.7 for sol-
vent-based paclitaxel exposure when combining a single 
175 mg/m2 dose of paclitaxel with ketoconazole.16 CYP-
mediated biotransformation is the main elimination route 
for paclitaxel. Therefore, the elimination rate constant λZ 
of both nab-paclitaxel and sb-paclitaxel was nearly iden-
tical,32 we therefore reasoned that despite the differences 
in systemic exposure and distribution, changes in elimi-
nation and thus the extent of the drug interaction due to 
CYP-inhibition will be similar for nab-paclitaxel. The PK 
data acquired in this trial will be useful to further inform 
modeling and simulation approaches.

Adapting the standard nab-paclitaxel dose of 125 mg/
m2 to the calculated 1.7-fold increase from the PBPK 
model16 would correspond to a dose of 73.5 mg/m2. We 
have therefore set the starting dose to 75 mg/m2, which cor-
responds to the dose reduction step 2 in the MPACT trial5 
and the Abraxane SmPC.33 A subanalysis of the efficacy 
and safety-profile of the phase III MPACT trial showed 
that dose reductions are common: 46% had greater than 
or equal to one nab-paclitaxel dose reduction and 74% had 
greater than or equal to one nab-paclitaxel dose delay.34 
For nab-paclitaxel, the toxicities that most commonly led 
to dose modifications were neutropenia, peripheral neu-
ropathy, thrombocytopenia, and fatigue.34,35 Of the pa-
tients who needed a dose reduction, in 60%, the dose was 
reduced by one step (i.e., 100 mg/m2) and in the remaining 
40% the dose was reduced by two steps (i.e., 75 mg/m2).35

The need of dose modifications did not impair the 
efficacy of the treatment. Greater treatment exposure in 
terms of treatment duration, and number of administered 
cycles were associated with improved outcome rather 
than the amount of drug administered per dose.35 Similar 
observations have been made for nab-paclitaxel mono-
therapy in metastatic breast cancer, where dose and OS 
did not correlate.36

Lower starting doses of nab-paclitaxel in combination 
with gemcitabine for the treatment of PDAC have been in-
vestigated in smaller clinical trials. In the phase I dose es-
calation trial to investigate the combination, starting doses 
of 100, 125, and 150 mg/m2 were used.2,5 Twenty patients 
were enrolled in the 100 mg/m2 dosing group, 44 patients 
were enrolled in the 125 mg/m2 group, and three patients 
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in the 150 mg/m2 group. Efficacy of the 100 mg/m2 group 
was comparable to 125 mg/m2 with an ORR of 45% versus 
48%.2 A clinical phase II trial conducted in an elderly pop-
ulation with reduced dose steps of 100, 75, and 50 mg/m2 
combined with gemcitabine d1,8,15 q4w showed similar 
efficacy as reported in the MPACT trial.37

In our trial, the dosing steps in the dose escalation phase 
will be 75, 100, and 125 mg/m2, which corresponds to the 
doses used as dose reduction steps during the phase I dose 
escalation and the MPACT trial.2,5 The increase of nab-pa-
clitaxel dose by 25 mg/m2 per dosing step corresponds to 
a 33% and 25% dose increase. Bayesian approaches are 
considered advantageous, especially for first-in-human 
trials to determine MTD. We still decided for a classical 
3 + 3 design19 over Bayesian optimal interval method or 
a Bayesian logistic regression model with overdose con-
trol.38 Because, here, we explore a novel combination of 
known drugs with already explored dose—exposure rela-
tionships and safety—the benefit of such a design would 
not have outweigh the increase in necessary resources and 
reduced ease of use and understanding of more compli-
cated designs.

We chose the dose of 125 mg/m2 as last dosing step, 
which is the standard starting dose of nab-paclitaxel when 
combined with gemcitabine for the treatment of PDAC. 
Safety and efficacy of this dose have been established 
through the phase III MPACT trial.8 The phase I dose es-
calation trial established 125 mg/m2 as MTD for the com-
bination of gemcitabine and nab-paclitaxel.2 If safe and 
tolerable, we aim to escalate the nab-paclitaxel dose up to 
125 mg/m2.

Intrapatient dose escalation will ensure that, once 
safety of the combination has been established, patients 
from cohorts 1 and 2 may be treated with the same dose 
density as patients enrolled in the dose expansion arm. 
This will reduce the risk of potential underexposure, once 
the RDE has been set. This trial is a phase I trial with 
safety and tolerability as primary end points. Patients of 
all dose levels will be pooled for analysis of efficacy, hence, 
the impact of intrapatient dose escalation on efficacy anal-
ysis is minimal.

No changes in PKs are expected for gemcitabine by 
introducing cobicistat to the regimen, because gemcit-
abine is degraded through non-CYP-dependent path-
ways.39 Cobicistat does not exhibit severe toxicity on its 
own. Therefore, we will use the doses of 1000 mg/m2 with 
dose reduction steps to 800 and 600 mg/m2 that have been 
established as safe and efficacious when combined with 
nab-paclitaxel for the treatment of PDAC.2,5,39 We will 
use the dose of 150 mg oral daily as per drug label for co-
bicistat. This dose will result in a thorough inhibition of 
CYP3A isozymes.40,41 Midazolam will not be used for its 
medical purpose of sedation but will serve as a marker 

substrate for CYP3A activity42 with and without cobicistat. 
For the purpose of CYP3A activity measurement, the use 
of microdoses that are well below the no-observed-effect 
level are a safe method for phenotyping CYP3A activity in 
patients with cancer.43

Whereas effects of cobicistat on hepatic and intes-
tinal CYP isozymes are known,13 the local distribution 
into the tumor and exposure of pancreatic cancer cells 
to cobicistat is crucial. Tissue penetration is especially 
important in pancreatic cancer with its high portion of 
desmoplastic stroma.44 This is a limitation of the current 
trial as it is not designed to answer this question. We dis-
cussed measuring cobicistat in an on-treatment biopsy 
during steady-state but we decided against it to reduce 
patient burden. The clinical development of cobicistat as 
an enhancer of anticancer drugs in pancreatic cancer will 
necessitate further clinical trials to address all open ques-
tions. Tissue penetration has to be assessed in a future 
experiment. The best approach to reduce heterogeneity of 
samples would be to collect tissue of patients undergoing 
surgery for local pancreatic cancer (and/or metastasec-
tomy at centers, where this procedure is deemed a treat-
ment approach in oligometastasized pancreatic cancer) 
after a single pre-operative dose of cobicistat and to mea-
sure tissue penetration through imaging mass spectrome-
try. The first step in the clinical development of this novel 
combination is to obtain data on safety, tolerability, and 
PKs. The Intensify trial has been designed to obtain these.

In summary, the risk for a participant of this clinical 
trial is known and manageable, especially because ap-
proved drugs and doses are used. They will receive treat-
ment with an inhibitor of CYP3A—eliminating a specific 
chemoresistance mechanism and potentially increasing 
or restoring the effectiveness of nab-paclitaxel treatment. 
Another benefit for patients with CYP3A5 negative tumors 
is also conceivable, because CYP3A5 may be acquired as a 
resistance factor during treatment.8
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