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ABSTRACT

Introduction
Combination of targeted drugs is believed to yield great potential to improve survival in 
patients with advanced solid malignancies. Numerous combinations have been proposed 
for clinical evaluation, however only few have proved a clear clinical benefit. Major 
limitations include toxicity, resistance and lack of efficacy. Our pre-clinical research, aimed 
at the optimization of synergistic low-dose drug combinations with increased efficacy, 
identified an optimal drug combination consisting of dasatinib, erlotinib and axitinib (DEA-
combination). This combination was initially optimized for theRenal Cell Carcinoma (RCC) 
cell line 786-O but showed strong efficacy in other RCC cell lines as well as several other 
cancer types (i.e. colorectal-, breast-, prostate- and ovarian carcinoma). Here we present 
a clinical trial protocol for a phase I dose escalation study that was designed to test the 
DEA drug combination in patients with advanced or metastatic solid tumors for whom 
no standard therapy exists.

Methods and analysis
The study is a single center, open label phase I study. Primary endpoints include 
determination of the Maximum Tolerable Dose (MTD) and assessment of safety and 
tolerability of the DEA drug combination. Secondary endpoints include assessment of 
efficacy and pharmacokinetics (PK) as well as examination of blood markers for molecular 
diagnostics and disease/response monitoring. Patients are included in 7 dose-escalation 
cohorts. Individual drug doses in the dose-escalation cohorts were calculated as relative 
percentages of the MTD of each drug and determined based on clinical efficacy and 
translation of pre-clinical dose ratios. Low-dose starting levels were chosen to minimize 
the probability of early dose-limiting toxicities. Appropriate statistical analysis of primary 
and secondary outcome measures will be used.

Ethics and dissemination
The study protocol has been approved by the Committee Scientific Research (CWO) of the 
VU University Medical Center. However, the study protocol has not yet been submitted 
to the local ethics committee (METc). Results of the phase I study will be submitted for 
publication in peer-reviewed journals and presented at relevant conferences.
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INTRODUCTION
In the past few decades, multiple different molecular targeted drugs have been 
developed, showing varying clinical activity. In most cases, the use of a single drug for 
the treatment of cancer does not result in long-term patient survival. This is largely due 
to the complexity of cancer cell signaling pathways, which are redundant and adaptive1, 
as well as to tumor heterogeneity2. Furthermore, clinical evidence has proved that the
development of resistance to a single drug is almost inevitable and eventually leads to 
cancer progression3.

A well-established principle for trying to enhance therapeutic efficacy is the combination
of drugs. With non-cross-resistant molecular targeted drugs, inhibition of parallel pathways
will likely improve efficacy and at the same time reduce the probability of drug resistance4. 
Many pre-clinical studies focused on combination of various tyrosine kinase inhibitors 
(TKIs) that included assessments of synergy in in vitro and in vivo. Despite the numerous 
combinations that have been suggested for clinical evaluation, only a few provided clear 
clinical benefits. One such example is the combination of the BRAF inhibitor dabrafenib 
and the MEK inhibitor trametinib, which have been approved for the treatment of patients 
with BRAF V600E mutated melanoma5.

In the majority of clinical studies evaluating new drugs or drug combinations most often 
the maximum tolerable dose (MTD) is chosen as the dose to be evaluated in phase II and
III efficacy studies. However, limited efforts have been made so far in trying to translate 
optimal dosing schedules as identified in pre-clinical studies. A clinical study based on a 
dose-level design that evaluates drugs at sufficient low doses, and therefore maintaining 
the synergy between drugs, could allow for improved efficacy and reduced side effects 
in patients.

In previous pre-clinical research aimed to overcome challenges in identifying optimal drug 
combinations, we applied a streamlined Feedback System Control (s-FSC) technique that 
enables the rapid optimization of drug combinations from a panel of drugs. Based on in
vitro assays, this method quantitatively assesses the efficacy of each drug combination 
without requiring in depth mechanistic information to identify optimal drug combinations. 
Importantly, in the s-FSC method drugs are only included at relative low doses that show 
limited activity (e.g. 20-30% efficacy) in the in vitro assays. We utilized this s-FSC method 
to identify an optimal drug combination for a specific renal cell carcinoma (RCC) cell 
line (786-O)6. RCC was chosen specifically because this tumor type is relatively chemo-
and radiotherapy resistant. After only 3 search rounds, we identified an optimal drug
combination of dasatinib, which targets Bcr-Abl, Src and c-kit7; erlotinib, which targets
EGFR8 and axitinib, which targets VEGFRs, PDGFR and c-kit9 (Figure 1A). Furthermore, 
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dasatinib, erlotinib and axitinib (DEA-combination) showed significant activity in other 
RCC cells, as well as in endothelial cells and in a broad array of tumor types (Figure 1B and 
Figure 2). These results suggested broad anti-tumor as well as anti-angiogenic activity.

All drugs included in the DEA combination are currently FDA approved. Dasatinib is 
approved in patients with chronic phase myelogeneous leukemia (CML) in a 100 mg once 
daily schedule. In a schedule of 140 mg once daily, dasatinib is approved for Philadelphia-
chromosome positive acute lymphoblastic leukemia (ALL), accelerated phase CML and 
lymphoid blast phase CML. Erlotinib is currently approved for the treatment of non-
small cell lung cancer (NSCLC) and, in combination with gemcitabine, for pancreatic 
cancer. As a single drug erlotinib is administered at 150 mg once daily in a fasted state. 
Axitinib is approved for the treatment of RCC in a continuous schedule of 5 mg twice 
daily (administered 12 hours apart). Several clinical studies have already been performed 
investigating dasatinib and erlotinib combination therapy in in patients with NSCLC10, 
gliomas11 and other advanced solid tumors12. Importantly, patients experienced no 
increased toxicity due to the combination regimen as compared to those observed in 
clinical trials of dasatinib and erlotinib alone13,14. However, Gold et al. showed that dasatinib 
pharmacokinetics exhibited a longer half-life, lower clearance and greater exposure 
than those reported in previous studies15,16. These results suggest an erlotinib-mediated 
inhibition of dasatinib clearance and therefore implies a dose reduction of dasatinib when 
administered simultaneous with erlotinib as previously proposed11.

In the proposed phase I study, we aim to determine the safety and tolerability of dasatinib, 
erlotinib and axitinib (DEA-combination) combination therapy in a continuous schedule. 
Additionally, we aim to preliminary assess the efficacy of this drug combination in patients 
with advanced solid malignancies. To monitor potential drug interactions and increased 
drug exposure, this study will be conducted under pharmacokinetic monitoring.
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Figure 1. Cell viability inhibition by the DEA-combination. (A) s-FSC identifies the best combina-
tion for the inhibition of 786-O cell viability. (B) Cell viability inhibition of the DEA-combination 
on other RCC cell lines (Caki1, Caki-2, A498 and ACHN), on endothelial cells (RF24) and on other 
non-cancerous cells (HEK-293, PBMC, HDFa). Values represent the mean +- SEM.

Figure 2. Cell viability inhibition in (A) colorectal cell types and (B) other malignant cell types 
including osteosarcoma, breast cancer, ovarian carcinoma and prostate cancer. Values represent 
the mean +- SEM and * p<0.05 or **p<0.01 indicates significance of each single drug compared 
to the combined activity.

8
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METHODS AND ANALYSIS

Study design
This is a single center, open label, phase I study evaluating the safety and tolerability of 
Optimized Dasatinib, ERlotinib and Axitinib (ODERA) combination therapy in patients with 
advanced solid malignancies. All patients will be enrolled at the Amsterdam University 
Medical Centers – Location VU University Medical Center. Drug doses for each individual 
drug will be significantly lower then the approved doses for their specific indication.

Study objectives
The primary objectives of the ODERA study are to assess the maximum tolerable dose 
of combined dasatinib, erlotinib and axitinib treatment and to determine safety and 
tolerability of the combination regimen. Secondary objectives include: 1. analysis of the 
potential efficacy in a small group of patients, 2. assessment of pharmacokinetics of the 
DEA combination therapy and 3. exploration of the potential value of blood markers for 
molecular diagnostics, disease and response monitoring.

Study population
Eligible patients include patients ≥ 18 years old that have of incurable locally advanced 
or metastatic solid malignancy for which no standard therapy exists. Screening must 
be performed <14 days prior to the first study drug administration. Patients must have 
documented radiographic or clinical progressive disease and have a baseline Eastern 
Cooperative Oncology Group (ECOG) performance status of ≤ 1. Furthermore, patients 
are eligble for inclusion if they meet the following criteria:

- Written informed consent by the patient
- Evaluable disease by RECIST version 1.1. criteria (at least 1 target or non-target lesion 

for the dose escalation cohorts)
- Normal 12-lead ECG (clinically insignificant abnormalities permitted), and left 

ventricular ejection fraction (LVEF) > 50% evaluated by multigated acquisition scan 
(MUGA) or echocardiogram

- Normal or regulated thyroid function - supplementation or blocking drugs 
permitted

- Urine analysis: no clinically significant abnormalities
- Albumin higher than 25 g/L
- Adequate hematological, bone marrow, liver and renal function assessed within 14 

days prior to screening
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Exclusion criteria include:

- Treatment with either dasatinib, erlotinib or axitinib for any indication within 6 months 
prior to screening and known hypersensitivity for either drug

- Concomitant second malignancy or a prior malignancy still requiring any form of 
therapy

- Evidence of a significant uncontrolled concomitant disease
- Poorly controlled hypertension despite adequate blood pressure medication
- Seizure disorders requiring anticonvulsant therapy
- Major surgery, other than diagnostic surgery, within 4 weeks prior to day 1, without 

complete recovery
- Presence of any significant central nervous system or psychiatric disorder(s) that would 

interfere with the patient’s compliance
- Drug or alcohol abuse and smoking. Smoking can cause a drop in the plasma

concentration of erlotinib of 50-60%
- Pregnant or breast-feeding subjects
- Concomitant medication with drugs having proarrythmic potential (such as sotalol, 

haloperidol, flecainide) is not permitted during the study

Treatment and dose escalation cohorts
The ODERA study includes 7 dose escalation cohorts varying from cohort 0 to cohort 
6 (Figure 3). In each escalation cohort 3 new patients will be assigned. All patients in 
escalation cohorts that have proven tolerability will not be excluded in the study, but 
will continue therapy (guided by tolerability) until disease progression. In these patients,
responses will also be assessed. Each dose-escalation cohort will be under pharmacokinetic
monitoring. Patients will be treated continuously with either once daily or twice daily 
tablets/capsules.

The design of dose levels is based on the MTD of each individual drug and the assumption
that the MTD is the most effective dose. Dasatinib and erlotinib combination therapy has 
been studied in three independent phase I trials at different dosing schedules all showing 
no cumulative toxicity as compared to the observed toxicities of each individual drug10–12. 
Therefore we considered dasatinib and erlotinib combination therapy as safe. However, 
since the simultaneous administration of three different TKIs has not been investigated 
often, we decided to start at a sufficient low dose levels to minimize the chance of dose-
limiting toxicity (DLT) in the first cohort. Table 1 shows the dose levels of each drug as a
percentage of the MTD. The tablets do not have to be taken all at once but preferably 
within a short time frame (<0.5 hours).

8
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The escalation part is ended when DLT is observed according to the DLT escalation rules
provided in table 2. If in dose level 0 DLTs are already observed, a next group of 3 patients
will receive each drug at the lowest dose available (dasatinib 20mg, erlotinib 25mg and 
axitinib 1mg at a continuous dose). This cohort is defined as the de-escalation cohort. A 
DLT is defined any of the following occurring within 28 days from the start of treatment:

- Hematological toxicity including Grade 4 neutropenia ≥ 7 days, febrile neutropenia
(Grade 3 or 4 and fever ≥ 38.5°C), neutropenic infection (Grade 3 or 4 and ≥ grade 3
infection) and Grade 3 or 4 thrombocytopenia ≥ 7 days

- Non-hematological toxicity including ≥ Grade 3 nausea, vomiting or diarrhea ≥ 2 days,
Grade 3 fatigue ≥ 7 days or grade 4 fatigue, development of clinical relevant congestive
heart failure and in patients with liver metastases DLT is defined as ≥ grade 3 increase
of transaminases with a ≥ two-fold increase over baseline

Evaluable patients are defined as those patients completing a minimum of 28 days of 
treatment (i.e. allowing monitoring of pharmacokinetics at week 2).

Figure 3. Study design and dose escalation cohorts.
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Table 1. Dose escalation levels and drug doses represented as percentage of the MTD of each 
individual drug. Boxes in green show the dose increase as opposed to the previous dose level.

Table 2. Dose escalation rules

Outcome: # DLT / # Patients Action:

- Escalate

- Suspend

- Halt dose escalation

0 DLT out of 3 patients Escalate dose level for next cohort of 3 patients

1 DLT out of 3 patients Treat next cohort of 3 patients at the same dose level

2 DLT of out 3 patients Halt dose escalation: treat total of 6 patients at previous 
dose level to determine maximum tolerated dose of the 
combination regimen

1 DLT out of 6 patients Escalate dose level for next cohort of 3 patients

2 DLT out of 4-6 patients Halt dose escalation: treat total of 6 patients at previous 
dose level to determine maximum tolerated dose of the 
combination regimen

Data collection and outcome measures
Table 3 provides an overview of data collection and timing of data collection. After 6 weeks, 
patients are followed-up every 2 months if therapy is tolerated. Primary outcome measures 
include determination of the MTD of the DEA combination regimen and analysis of safety 
and tolerability. Secondary outcome measures include analysis of the pharmacokinetics, 
preliminary assessment of efficacy and exploration of the potential value of blood makers.
Pharmacokinetics will be determined after the first day of treatment and subsequently 
every 2 weeks. Preliminary efficacy will be assessed clinically and with radiographic 
assessments. The potential value of blood markers for molecular diagnostics, disease and 
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response monitoring will be investigated by analysis of cancer-associated RNA biomarkers 
in blood platelets and miRNA profiling of blood plasma. We will correlate changes in these 
profiles to therapy response and outcome to identify new possible biomarkers.

Table 3. Schedule of data collection

Baseline 

(-2 weeks to 0)

Day 1 Wk 1 Wk 2 Wk 3 Wk 

4

Wk 5 Wk 

6

2 monthly 

(± 7 days)

Medical history X  
Phys. examination X X X X X X X X X
Toxicity (adverse 
events)

X X X X X X X X

Hematology, 
coagulation1

X X X X X X
X

X X

Chemistry2 X X X X X X X X X
Chemistry, lipid 
profile and TSH3

X X

Urine analysis4 X X X X X X X X X
Electro- 
cardiogram

X X X X X X X X

CT scans X 
(-4 weeks to 0)

X

PK sampling5 X X X  X
Blood markers6 X X X
CYP3A4 or ABC 
drug transporter 
polymorphisms

X

Peripheral blood 
mononuclear cells

X X

Urine HCG 
(for females of 
childbearing 
potential)

X

LVEF determination 
(MUGA or echo)

X

1 Hematology: Hb, Ht, WBC and leukocyte differentiation, platelets
2 Chemistry: Na, K, Ca, Mg, Alb, glucose, creatinin, bilirubin, γGt, AF, ASAT, ALAT, LDH, amylase, 
thyroid hormones, CPK, lactate. Investigators may order additional blood tests for planning 
treatment administration, dose modification, or further evaluation of adverse events.
3 Chemistry, lipid profile and TSH: total cholesterol, triglycerides, LDL, HDL and TSH will be 
assessed monthly and after two months only on specific indication
4 Urine analysis: Gross (dipstick) urine examination: protein, glucose, erythrocytes, leukocytes 
and pH.
5 PK sampling: see paragraph 6.1.2 for further sampling details.
6 An additional blood sample for markers will be drawn simultaneously with regular blood 
samples on five specific time points: 1) At baseline, 2) at the start of the treatment, 3) after two 
weeks of treatment, 4) at the first response evaluation (CT scan), 5) at the time of progression.
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Statistical considerations and sample size
The number of patients to be enrolled in the study will depend on the observed safety 
profile. It is expected that between 6 and 21 patients are required in the exposure cohort 
to meet the primary objectives. The primary goal of this study is to determine the safety 
and tolerability of dasatinib, erlotinib and axitinib (DEA-combination) combination therapy. 
Therefore, this study is not powered to assess efficacy. In the dose escalation cohorts only 
descriptive analyses will be used, except for analysis of PK data, where logistic regression 
analysis will be used for the correlation between plasma AUC0-12h and toxicity. No interim
analyses are planned.

Ethical considerations
The study will be performed in accordance with ethical principles that have their origin in 
the Declaration of Helsinki and are consistent with ICH/Good Clinical Practice.

Clinical studies on dasatinib and erlotinib combination therapy have showed that 
no new combination-related side effects occurred and that all observed toxicities are 
comparable to that of each compound alone10–12. Certain side effects of axitinib overlap
to those observed in patients treated with dasatinib and erlotinib. However, the individual
drug-doses used in this study are considerably lower then the MTD of each drug and
therefore we hypothesize that the combination therapy may exhibit even less toxicity as
compared to each drug when administered at its MTD. Possible benefits include that, in
general, approximately 5% of the patients with cancer participating in phase I trials have 
an objective response (partial or complete response)17.

Adverse events, serious adverse events and suspected unexpected serious adverse
reactions will be reported through the web portal ToetsingOnline to the accredited METC 
that approved the protocol.

The informed consent document will be used to explain the risks and benefits of study
participation to the patient in simple terms before the patient is entered into the study. 
Throughout the study, all included patients have the ability to withdraw study participation
at any time for any reason.

Dissemination
The results of this study, regardless of its outcome, will be submitted for publication in
relevant peer-reviewed journals. Key findings will be presented at both national and 
international conferences.

8
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DISCUSSION
Currently there is wide consensus in the field of oncology that combination therapy in 
cancer yields a great potential for prolonging survival in patients with cancer. Accordingly, 
the amount of clinical studies on combination therapy in cancer treatment has increased 
dramatically over the years. However, there is a need for robust pre-clinical testing and 
intelligent design of clinical studies to maximize the probability of combination therapies 
that become incorporated in clinical practice18.

This protocol describes a phase I dose escalation study of dasatinib, erlotinib and axitinib 
combination therapy in patients with advanced or metastatic solid tumors. The main 
objective of the study is to determine the MTD and to evaluate safety and tolerability of the 
combination regimen. Furthermore, we aim to assess efficacy in a small group of patients 
and hypothesize that combination of drugs at sub-optimal doses allows for increased and 
synergistic efficacy, as was the case in pre-clinical studies. The study includes a unique 
study design and approach in dose-escalation based on the percentages of the MTD of 
each individual drug.

Strengths and limitations
1. This study includes a novel approach for evaluating a three-drug combination therapy 

in well designed dose-escalation cohorts

2. To minimize the chance of early dose-limiting toxicities low dose starting levels were 
included: 20-33% relative drug dose as compared to MTD of each individual drug

3. Patients who tolerate the drug-combination administration will continue therapy 
guided by tolerability and response will be determined periodically

4. Planned correlative studies include RNA profiling of platelets and plasma. Changes in 
these profiles will be correlated to therapy response and outcome
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