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ABSTRACT
Background  Genetic alterations in fibroblast growth 
factor receptor (FGFR) and vascular endothelial growth 
factor receptor (VEGFR) signalling are observed in various 
tumours. We report a first-in-human phase I/IIa trial 
evaluating tolerability, pharmacokinetics and preliminary 
antitumour activity of ODM-203, a novel FGFR and VEGFR 
inhibitor.
Methods  Open-label, non-randomised, multicentre, phase 
I/IIa dose escalation and expansion study in patients with 
advanced or metastatic solid tumours.
Results  Overall, 84 patients received treatment; optimal 
tablet dose was found to be 400 mg/day with food. All 
patients experienced at least one adverse event; the 
majority (89.2%) were grade 1 or 2% and 70.4% were 
considered treatment related. The most commonly 
reported events were bilirubin increase-related events 
(75%) and diarrhoea (50%).
Overall response rate was 9.2% and median progression-
free survival was 16.1 and 12.4 weeks for patients with 
aberrant or non-aberrant FGFR tumours. Median time on 
treatment was 10.1 weeks for all patients and 14.5 weeks 
for patients who received 400 mg tablets.
Conclusion  This study suggests ODM-203 400 mg/
day results in sufficient plasma concentrations and 
acceptable tolerability in most patients. Preliminary signs 
of therapeutic activity of ODM-203 in patients with solid 
tumours was observed.
Trial registration number  NCT02264418.

INTRODUCTION
The receptor tyrosine kinases fibroblast 
growth factor receptor (FGFR) and vascular 
endothelial growth factor receptor (VEGFR) 
promote angiogenesis, which is essential for 
tumour growth, tissue invasion and metas-
tasis.1 Abnormal FGFR and VEGFR signal-
ling is commonly observed in various tumour 
types, including breast, lung and gastric 
cancers,2–4 and is associated with unfavour-
able survival outcomes.5–10 Preclinical data 
suggest that the four FGFR tyrosine kinases 
(FGFR1–4) act distinctly from VEGFR, but 

in a synergistic manner, to promote tumour 
vascularisation through a network of down-
stream signalling pathways. This provides a 
compensatory angiogenic signal and poten-
tially promotes the development of resistance 
to VEGFR inhibition.11

Based on these observations, FGFR-selective 
tyrosine kinase inhibitors (TKIs) have been 
developed. The FGFR-2 and FGFR-3 TKI 
erdafitinib was the first such agent to be 

Key questions

What is already known about this subject?
►► Abnormal fibroblast growth factor receptor (FGFR) 
and vascular endothelial growth factor receptor 
(VEGFR) signalling is commonly observed in vari-
ous tumour types, including breast, lung and gastric 
cancers.

►► Preclinical data suggest that the four FGFR tyrosine 
kinases (FGFR1–4) act distinctly from VEGFR, but in 
a synergistic manner, to promote tumour vasculari-
sation through a network of downstream signalling 
pathways. This provides a compensatory angiogenic 
signal and potentially promotes the development of 
resistance to VEGFR inhibition

What does this study add?
►► We report a first-in-human phase I/IIa trial that eval-
uated the tolerability, pharmacokinetics and prelim-
inary antitumour activity of a novel FGFR and VEGFR 
inhibitor ODM-203 in patients with advanced or 
metastatic solid tumours.

►► Evidence of ODM-203 activity on both FGFR and 
VEGFR pathways was found. Biomarker responses 
suggest that there is an exposure–response rela-
tionship between ODM-203.

How might this impact on clinical practice?
►► The P1 outcomes suggest a more selected tumour 
type selection for further studies to see the full 
potential benefits of combined FGFR and VEGFR 
inhibition.
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approved by the US Food and Drug Administration for 
the treatment of cancer; approval was based on phase II 
data showing an objective response rate of 40% in patients 
with previously treated metastatic urothelial carcinoma 
harbouring FGFR3 mutations or fusion genes involving 
FGFR-2 or FGFR-3.12 Several other selective FGFR TKIs 
are also currently under evaluation in clinical trials.

Given the interaction between the FGFR and VEGFR 
pathways, agents that inhibit signalling through both 
pathways are of particular interest.4 13 14 ODM-203 is a 
novel, selective and equipotent inhibitor of FGFR and 
VEGFR family kinases.13 ODM-203 also inhibits other 
kinases, including the RET proto-oncogene, at 50% inhib-
itory concentrations less than 100 nM.13 RET is essential 
for normal development and maintenance of numerous 
cell and tissue types,13 but dysregulated RET signalling 
is implicated in several human cancers, including lung 
and thyroid cancer.15 In vitro studies have shown that 
ODM-203 suppresses cell proliferation and FGFR, FGFR 
substrate 2 and extracellular signal-regulated kinase 
phosphorylation in cell lines with increased FGFR activity 
and known dependency on FGFR signalling.13 ODM-203 
showed antitumour activity in xenograft models known 
to be dependent on FGFR-1, FGFR-2 or FGFR-3 and in 
an angiogenesis-dependent kidney capsule syngeneic 
model.13

We report a first-in-human phase I/IIa trial that evalu-
ated the tolerability, pharmacokinetics (PK) and prelim-
inary antitumour activity of ODM-203 in patients with 
advanced or metastatic solid tumours.

METHODS
Study design
This was a two-part, open-label, non-randomised, multi-
centre, phase I/IIa study (KIDES-203; ​ClinicalTrials.​gov: 
NCT02264418).

Part 1 was a dose escalation study using a standard 3+3 
design to define the maximum tolerated dose (MTD) 
and dose-limiting toxicities (DLTs) of ODM-203 (online 
supplemental figure S1). Subjects with stable disease (SD) 
continued on study treatment until disease progression 
as assessed by the investigator or until experiencing an 
intolerable adverse event (AE) or until study end. In part 
1 ODM-203 doses of 50–800 mg/day as capsule formula-
tion were investigated. A single oral dose on day 1, after a 
standard low phosphate light breakfast was administered. 
Patients who did not experience any DLTs within 24 hours 
after administration of the first dose continued to receive 
ODM-203 once daily. A safety monitoring board (SMB) 
took decisions regarding dose adjustments or discon-
tinuations, patient enrolment at dose levels, and PK 
sampling and safety assessments. The MTD was defined 
as the lowest studied dose level at which ≥2 of 6 patients 
experienced a DLT, or if the PK of ODM-203 suggested a 
plateau in exposure. Intra-patient dose escalation was not 
permitted, except in the first patient in cohort 1, in case 
very low exposures were observed, or at the time of disease 

progression. Patients who recovered from drug-induced 
toxicity other than a DLT could resume treatment at the 
same or lower dose level. At disease progression, the dose 
could be increased to the highest tolerated dose as deter-
mined by the SMB.

The objective of part 2 was to confirm the optimal 
starting dose, dose schedule and formulation (group 
A) and explore the antitumour activity of ODM-203 
(group B). Group A used sequential cohorts of 3–6 or 
12 patients to explore new dosing schemes, which were 
determined by the SMB based on clinical experience, but 
were not expected to exceed exposures of capsule formu-
lation dosed at 800 mg/day. Part 2 also assessed a tablet 
formulation of ODM-203. For this assessment, patients 
received a single dose of ODM-203 in the capsule formu-
lation, followed a week later by continuous daily doses of 
ODM-203 in tablet formulation until disease progression. 
Tablet doses, starting at 200 mg, were escalated following 
review of safety and PK data by the SMB at day 15/16.

Once optimal tablet dose of ODM-203 was established, 
part 2 group B aimed to investigate the antitumour 
effects of ODM-203 in a range of patients with various 
RET and FGFR aberrations and solid tumours. Doses in 
group B were based on those studied in group A and were 
determined by the sponsor and SMB. Patients in group B 
received the tablet formulation of ODM-203.

Patients
Male and female patients, aged ≥18 years with histo-
logically or cytologically confirmed advanced or meta-
static solid tumours, for which treatment according to 
the guidelines was no longer available, were eligible for 
inclusion. Patients in part 2 had to have ‘angiogenic 
tumours’ or tumour genetic aberrations, which included 
patients with tumours that had: (1) a previous radiolog-
ical response to VEGFR inhibition, including those that 
had become VEGFR resistant; (2) a previous response to 
FGFR inhibition and had become resistant; (3) genetic 
alterations of any FGFR subtype, including fusions, muta-
tions considered to be activating and gene amplification 
or (4) genetic alterations of RET, including fusions and 
mutations considered to be activating. Key exclusion 
criteria were prior severe or life-threatening AEs related 
to anti-VEGFR or anti-FGFR treatment, ongoing treat-
ment with warfarin, and uncontrolled active central 
nervous system metastases. Full inclusion and exclusion 
criteria are provided in online supplemental table S2.

All patients provided written informed consent before 
any study procedure. The study was conducted according 
to the International Conference on Harmonization-Good 
Clinical Practice guidelines and local legislation.

Objectives and assessments
The primary objective was to evaluate the safety and toler-
ability of ODM-203, including determination of the MTD 
and DLT. The secondary objectives of the study were to 
characterise and evaluate: the PK profile of ODM-203 
and its main metabolite, ORM-21444, after single and 
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multiple doses at different dose levels; the relationship 
between ODM-203 dose, plasma exposure, pharma-
codynamics (PD) and safety; the long-term safety and 
tolerability of ODM-203; the dose schedule and admin-
istration of ODM-203 recommended for further clin-
ical trials; and the preliminary antitumour activity of 
ODM-203 according to Response Evaluation Criteria in 
Solid Tumours (RECIST) V.1.1 criteria, Eastern Coop-
erative Oncology Group (ECOG) performance status, 
time on treatment and overall survival. Tumour burden 
was assessed by CT or MRI at the screening visit, week 
8 and every 8 weeks thereafter or if disease progression 
was suspected. ECOG performance status was assessed 
at the screening visit, visit 1, day 29, every 4 weeks up to 
week 24 and every 8 weeks thereafter. AEs and serious AEs 
(SAEs) were assessed at all visits. AEs of special interest, 
including bilirubin increase-related events, haemorrhagic 
and thrombotic events, hyperphosphataemia, effects on 
bone and cartilage, vasculitis, QT-interval prolongation, 
hypertension, ocular toxicities and decreased weight loss, 
were monitoried closely during the study.

PK assessment
Blood samples for PK evaluation were collected on Day 
1 (single dose PK) and day 8 or 15 (multiple dose PK). 
Samples were collected before (0 hours) and at 0.1, 1, 2, 
3, 4, 6, 8, 12 and 24 hours after study treatment admin-
istration. A 24-hour blood sample was collected before 
study treatment administration. In both parts 1 and 2, a 
single predose blood sample was collected at each study 
visit from visit 3 (day 8) onward for determination of pre-
dose concentrations of ODM-203 and its active metabo-
lite, ORM-21444, with multiple dosing.

The PK variables Cmax (maximum observed concen-
tration), Tmax (time to reach Cmax) and AUC0–last 
(area under the concentration-time curve from time zero 
to the last sample with the quantifiable concentration 
calculated with linear trapezoidal rule) were analysed 
after log-transformation. Exposure was evaluated using 
a plasma-concentration versus dose curve; escalation was 
stopped if a plateau was observed prior to reaching the 
MTD. The relationship between ODM-203 exposure and 
different biomarkers was evaluated by percentage change 
from baseline (day 1 predose).

Assessment of PD variables
PD variables assessed were blood pressure, plasma phos-
phate, parathyroid hormone, fibroblast growth factor-23 
(FGF23), soluble VEGFR2 (sVEGFR2) and sVEGFR1, 
VEGF, FGF2 and placental growth factor (PGF).

Blood pressure was evaluated at each study visit and was 
measured daily by patients at home from day 2 to week 12, 
and twice weekly thereafter. Measurements were taken in 
the morning and evening, twice each time with at least 
1 min between measurements, and recorded in a diary. 
These data were used for medical management only and 
could be reviewed by the SMB.

Blood samples for assessment of phosphate were 
collected at the same time points as other safety labo-
ratory assessments and, for assessment of parathyroid 
hormone, at baseline (visit 1), day 8 and day 29 with other 
safety laboratory assessments.

FGF23, sVEGFR2 and sVEGFR1, VEGF, FGF2 and PGF 
were assessed at baseline, day 8 and day 29. These markers 
were analysed in batches during or at the end of the study.

Statistical evaluation
The evaluations were summarised by dose levels, by the 
highest pre-dose exposure levels of ODM-203 or spec-
ified molecular aberration type. The proposed number 
of patients was based on clinical grounds and similar 
studies,14 and patients were initially analysed according to 
tumour characteristics.

The preliminary antitumour activity, including overall 
response rate, best response rate, time to response, dura-
tion of response, disease control rate (complete respon-
se+partial response+SD), progression-free survival and 
overall surivival of ODM-203 in patients with tumours 
harbouring specific molecular aberrations in the FGFR or 
RET pathway, or angiogenic tumours indicating VEGFR 
activity, was investigated. Safety population (N=84) 
includes all patients who received medication; efficacy 
population (n=76) includes patients who were evalu-
able by RECIST; 16-week disease progression population 
(N=71) was calculated from patients who had completed 
respective study visit. Further, patients without sufficient 
pharmacological exposure were excluded from best 
tumour response analyses (N=71).

Statistical testing was mainly performed using descrip-
tive statistics. The Kaplan-Meier method was applied to 
estimate the time of progression-free survival. Data for 
patients who were progression free and alive, or with 
unknown status, were censored at the time of the last 
tumour assessment. All statistical analyses were performed 
using SAS for Windows (V.9.4).

RESULTS
Between September 2014 and April 2019, a total of 104 
patients were screened and 84 patients with advanced 
solid tumours were enrolled to receive treatment at eight 
centres in Europe. Baseline characteristics are shown in 
table 1. All patients had measurable disease at screening 
and the most common tumour types were cholangiocar-
cinoma (n=15), colorectal cancer (n=9), breast cancer 
(n=9) and sarcoma (n=7). All except one patient had 
received prior anticancer therapy.

MTD and selection of dose for further study
Thirty-one patients were enrolled in the dose-escalation 
part of the study and received ODM-203 in capsule 
formulation (100 mg, n=1; 200 mg, n=3; 400 mg, n=7; 
600 mg, n=13; 800 mg, n=7). At a dose of 800 mg, 1 
patient developed a DLT of punctate keratitis; no other 
DLTs were observed. Therefore, the MTD according to 
the protocol definition was not established. The SMB 
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instead determined that ODM-203 as capsule 800 mg/
day exceeded the limit of acceptable tolerability because 
all the patients experienced several AEs. Therefore, a 
capsule formulation dose of 600 mg/day was selected for 
further study.

Assessment of dose of tablet formulation
Of the 53 patients enrolled to the expansion part of the 
study, 17 received ODM-203 in the capsule formulation 
(600 mg/day, n=2; 600 mg/day 2 weeks on treatment, 
1 week off (intermittent dosing regimen), n=15) and 
36 received ODM-203 in the tablet formulation (200 
mg, n=3; 300 mg, n=3; 400 mg, n=30). Although there 
were variations in PK, therapeutic exposure levels were 
achieved in all patients. Results indicated that 600 mg 
capsule exposure levels were similar to 400 mg tablet at 
steady state. Thus ODM-203 tablet formulation as tablet 
of 400 mg/day after a light meal was chosen as dosing 
regimen for further studies.

Safety and tolerability
All patients (N=84) experienced at least one AE during 
treatment (table 2); 70.4% of AEs were considered related 
to the treatment by the investigator. However, the majority 
of AEs (89.2%) were grade 1 or 2 in severity. Events 
resulting in treatment discontinuation occurred in 30 
patients (35.7%), all of whom received an ODM-203 dose 
of at least 400 mg/day. Additionally, AEs led to treatment 
interruption in 61 patients (72.6%) and dose reductions 

in nine patients (10.7%). The most common events 
that resulted in treatment interruption were increase in 
blood bilirubin (16 patients) and hyperbilirubinaemia 
(8 patients) and those leading to dose reductions were 
palmar-plantar erythrodysesthesia syndrome (3 patients), 
followed by arthralgia (2 patients), increased blood bili-
rubin (2 patients), and stomatitis, asthenia, mucosal 
inflammation, hyperbilirubinaemia, platelet count 
decreased, decreased appetite and alopecia (2 patients 
each). Treatment was discontinued due to progression of 
disease in 69 patients (82.1%).

The most commonly observed AEs related to treatment 
were bilirubin increase-related events (75% of patients), 
diarrhoea (50.0%, stomatitis (40.5%), palmar-plantar 
eryrthrodysesthesia (35.7%) and dry mouth (34.5%).

Bilirubin increase-related events (increased blood bili-
rubin, hyperbilirubinaemia, jaundice, conjugated bili-
rubin increase and ocular icterus) were observed in 63 
(75%) patients. Of 30 patients treated with ODM-203 
400 mg/day, 15 (50.0%) reported increased blood bili-
rubin and 11 (36.7%) reported hyperbilirubinaemia. 
Six of these 30 patients had increased aspartate trans-
aminase levels and three had increased alanine transam-
inase levels. Increased total or unconjugated bilirubin 
was found to correlate with UGT1A1 enzyme inhibition 
by ODM-203 and was most common at doses above 400 
mg/day.16 The magnitude and rate of bilirubin increase 
appeared related to ODM-203 dose (figure 1). Typically, 

Table 1  Baseline patient and disease characteristics

ODM-203 capsule ODM-203 tablet Total

100 mg 200 mg 400 mg 600 mg 800 mg 200 mg 300 mg 400 mg (N=84)

(n=1) (n=3) (n=7) (n=30) (n=7) (n=3) (n=3) (n=30)

Mean age, years 65.0 65.0 51.0 54.1 52.3 56.3 65.0 59.7 56.7

Female, n (%) 0 (0.0) 2 (66.7) 5 (71.4) 18 (60.0) 3 (42.9) 3 (100) 2 (66.7) 21 (70.0) 54 (64.3)

Race, n (%)

 � Caucasian 1 (100) 3 (100) 7 (100) 28 (93.3) 7 (100) 1 (33.3) 3 (100) 29 (96.7) 79 (94.0)

 � Black 0 0 0 1 (3.3) 0 0 0 1 (3.3) 2 (2.4)

 � Other 0 0 0 1 (3.3) 0 2 (66.7) 0 0 3 (3.6)

Cancer type, n (%)

 � Cholangiocarcinoma – – – – – – – – 15 (17.9)

 � Breast cancer – – – – – – – – 9 (10.7)

 � Colorectal cancer – – – – – – – – 9 (10.7)

 � Soft tissue sarcoma – – – – – – – – 7 (8.3)

 � Endometrial cancer – – – – – – – – 5 (6.0)

 � Ovarian cancer – – – – – – – – 5 (6.0)

 � Medullary thyroid cancer – – – – – – – – 5 (6.0)

 � Renal cell carcinoma – – – – – – – – 4 (4.8)

 � Other – – – – – – – – 25 (29.8)

ECOG, n (%)

 � 0 1 (100) 1 (33.3) 4 (57.1) 14 (46.7) 4 (57.1) 0 (0.0) 2 (66.7) 10 (33.3) 36 (42.9)

 � 1 0 (0.0) 2 (66.7) 3 (42.9) 16 (53.3) 3 (42.9) 3 (100) 1 (33.3) 20 (66.7) 48 (57.1)

ECOG, Eastern Cooperative Oncology Group.
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increases in bilirubin were not associated with changes in 
transaminases, alkaline phosphatase or other indicators 
of hepatic injury and could be managed with dose modi-
fication or interruption.

Hyperphosphataemia is a frequently reported AE in 
clinical studies of FGFR inhibitors, and was reported in 
16 patients (19.0%) in this study. The majority of events 
were grade 1 in severity.

The most commonly reported musculoskeletal AE 
during the study was arthralgia, reported by 34 patients 
(40.5%), two of whom had grade 3 events; myalgia and 
back pain affected 14 (16.7%; two grade 3) and 10 
patients (11.9%), respectively. Most of the arthralgia 
and myalgia events were assessed as related to the 
treatment.

Hypertension, an AE commonly associated with VEGFR 
inhibitors, was observed in 16 patients (19%) and was 
considered related to study treatment in 14 patients. 
Grade 3 hypertension occurred in three patients (3.6%). 
All hypertension events except one occurred after the 
administration of either ODM-203 600 mg/day as capsules 
or ODM-203 400 mg/day as tablets.

Treatment-related SAEs occurred in 14 patients 
(16.7%). Seven deaths occurred and the AEs leading 
to death were dyspnoea (one patient), general physical 
health deterioration (two patients), acute respiratory 
distress syndrome (one patient), intestinal ischaemia 
(one patient), urosepsis (one patient) and Pneumocystis 
jirovecii pneumonia (one patient). Only intestinal isch-
aemia was considered to be related to treatment.

PK assessment
The PK profiles of ODM-203 and its metabolite (ORM-
21444) were characterised after single and multiple (day 
8 or day 15) dosing of ODM-203. In the dose escalation 
part, in which the ODM-203 capsule formulation was used, 
exposure increased with ODM-203 dose, although not 
directly dose proportionally. Compared with the capsule 
formulation, the tablet formulation showed higher expo-
sure and lower variability.

As the tablet formulation is expected to be used in the 
future, results for this formulation are described. The key 
PK parameters are summarised in table 3.

ODM-203 absorption was slow and variable; average 
Tmax values after a single dose in different cohorts were 
typically 6–10 hours, while the individual Tmax range was 
3–24 hours. After repeated dosing, plasma-concentration 
curves were flat and Tmax values varied between 0 and 24 
hours (figure 2A,B). The steady-state AUC was associated 
with considerable interindividual variability (coefficient 
of variation 90% in 400 mg tablet group at day 15). The 
elimination half-life of ODM-203 could not be reliably 
determined because concentrations were measured only 
up to 24 hours after dosing. The slow rate of elimina-
tion resulted in average accumulation ratios of 2.3–5.5 
(based on AUC0–last) suggesting a half-life of 30–70 hours 
in different cohorts. Consistent with the slow elimination 
rate, the Tmax value for metabolite ORM-21444 on the 
first day of administration was typically ≥10 hours, with 
clear accumulation on repeated dosing of ODM-203. 
However, the half-life of ORM-21444 could not be reli-
ably determined from 24 hours sampling. The AUC ratio 

Figure 1  ODM-203 exposure versus total bilirubin.
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was typically less than 0.15 at steady state, suggesting that 
ODM-203 is the main circulating drug-related material in 
plasma.

Biomarkers of FGFR and VEGFR pathways
Evidence of ODM-203 activity on both FGFR and 
VEGFR pathways was found. Percentage mean changes 
in the soluble markers FGF23, VEGFR2, VEGF and 
PGF appeared to be dose dependent. Biomarker 
responses suggest that there is an exposure-response 
relationship between ODM-203 (online supplemental 
figure S2).

Tumour genetics
Based on tumour tissue profiling, 32 patients had 
genetic alterations in the FGFR pathway, including 
activating mutations (n=8), genomic rearrangements 
(n=4), amplification and a rearrangement (n=2), an 
amplification and an activating mutation (n=1) and an 
amplification (n=14; online supplemental table S3). 
Patients were classified as non-FGFR if no genomic 
aberrations in FGFR pathway genes were identified in 
the profiling assays used (n=6) or if profiling results 
were not available (n=8). Additionally, profiling 
revealed RET genomic aberrations in 10 patients. Of 
these, 6 patients had activating RET mutations and 
two had RET genomic rearrangements.

Efficacy
The overall response rate based on RECIST criteria was 
9.2% (7/76 patients; online supplemental table S4); all 
responses were PRs. Patients with tumours with FGFR 
aberrations had an overall response rate of 12.5% (4/32), 
whereas those with non-FGFR tumours had an overall 
response rate of 6.8% (3/44). ODM-203 best tumour 
response (RECIST) (figure  3A,B) and the associated 
FGFR aberrations are shown in online supplemental table 
S3. The disease control rate was 57.9%, and was numer-
ically higher in patients with tumours with FGFR aber-
rations (65.6%) than in those with non-FGFR tumours 

(52.3%). The proportion of patients without disease 
progression at 16 weeks of treatment was 33.8% (24/71) 
overall, 27.6% (8/29) for those with tumours with FGFR 
aberrations and 38.1% (16/42) for those with non-FGFR 
tumours.

The median progression-free survival was 16.1 weeks for 
patients with FGFR aberration(s) and 12.4 weeks for non-
FGFR patients. The median time (range) on ODM-203 
treatment was 10.1 (1.1–62.9) weeks and the median time 
on treatment for patients who received ODM-203 400 mg 
tablets was 14.5 (2.6–62.9) weeks.

DISCUSSION
This first-in-human study demonstrated that the MTD of 
ODM-203 was not reached at a dose of 800 mg once daily 
in the capsule formulation, and a dose of 400 mg once 
daily as tablet was selected for further studies. Data suggest 
that ODM-203 at 400 mg once daily in tablet formulation, 
administered with a light breakfast, produces effective 
ODM-203 plasma concentrations and has acceptable 
tolerability. The study also provides preliminary evidence 
of the therapeutic activity of ODM-203 in patients with 
advanced or metastatic solid tumours.

ODM-203 is a selective, equipotent inhibitor of FGFR 
and VEGFR, overall the observed AE profile was largely 
comparable to that seen with FGFR or VEGFR inhibitors 
and thus anticipated from the therapeutic mechanisms 
of action.4 14 17 18 The AEs reported were grade 1/2 in 
severity and manageable, and most commonly included 
increase in bilirubin, diarrhoea, stomatitis, arthralgia, 
decreased appetite, palmar-plantar erythrodysesthesia, 
asthenia, epistaxis and fatigue. Furthermore, bilirubin 
increase-related events, such as hyperbilirubinaemia, 
jaundice and ocular icterus were reported in 75% of 
patients. ODM-203 is a potent inhibitor of UGT1A1 in 
human liver microsomes (IC50 0.1 µM), this being the 
most likely mechanism behind the bilirubin increase.16 
Increased total or unconjugated bilirubin was most 

Table 3  Summary of key PK parameters of ODM-203 in expansion phase (tablet formulation)

Day 1 Day 15

200 mg 300 mg 400 mg 200 mg 300 mg 400 mg

(n=3) (n=3) (n=25) (n=3) (n=3) (n=24)

Cmax, ng/mL 1539 (9) 2608 (46) 1933 (49) 3118 (28) 4906 (148) 9070 (81)

AUC0–last, h*ng/mL 25 886 (7) 36 708 (46) 30 257 (59) 58 612 (27) 84 233 (213) 170 304 (90)

Median (min, max) Tmax, h 8.0 (7.7 to 11.1) 6.0 (4.1 to 6.1) 6.3 (3.1 to 24.7) 8.0 (6.0 to 11.2) 6.1 (3.1 to 8.7) 6.0 (0.0 to 23.3)

Accumulation ratio* – – – 2.3 (23) 2.3 (123) 5.5 (76)

Mean (SD) metabolite to 
parent ratio†

0.043 (0.022) 0.061 (0.030) 0.048 (0.034) 0.085 (0.043) 0.094 (0.004) 0.117 (0.031)

Mean (SD) Caverage, ng/mL – – – 2560 (719) 5652 (5460) 8928 (5148)

Values expressed as geometric mean (coefficient of variation (%)) unless otherwise stated.
*Calculated by dividing ODM-203 AUC0–last on day 15 by corresponding value on day 1.
†Calculated by dividing ORM-21444 AUC0–last by corresponding ODM-203 value.
AUC0–last, area under the concentration time-curve from time zero to last sample; Caverage, average concentration in plasma after multiple 
dosing; Cmax, maximum observed concentration of concentration-time curve; PK, pharmacokinetics.
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Figure 2  The average (±SEM) plasma concentrations of ODM-203 after single (A) and repeated (B) dosing of ODM-203 tablet 
formulation (once daily dosing). Solid line at 2500 ng/mL represents the anticipated lower limit for target concentration range. 
SEM, Standard error of the mean.
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Figure 3  ODM-203 best tumour response (RECIST) for FGFR patients (A) and non-FGFR patients (B). ITT 76 patients, 4 
patients with low exposure (100–200 mg) and one patient with non-evaluable non-target lesions (600 mg) are not included. 
Unscheduled visits are included in the data. Transcript of abbreviations: CUP, cancer of unknown primary; FGFR, fibroblast 
growth factor receptor; GIST, gastrointestinal stromal tumour; H&N, head and neck; mBC, metastatic breast cancer; mCRC, 
metastatic colorectal cancer; mHCC, metastatic hepatocellular carcinoma; NSCLC, non-small cell lung cancer; RECIST, 
Response Evaluation Criteria in Solid Tumours; SCC, squamous cell carcinoma; STS, soft-tissue sarcoma.
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common at doses above 400 mg/day. The magnitude 
and rate of bilirubin increase appeared related to 
ODM-203 dose. Typically, increases in bilirubin were not 
associated with changes in transaminases, alkaline phos-
phatase or other indicators of hepatic injury and could 
be managed with dose modification or interruption.

Hypertension is a documented adverse effect of 
VEGF/VEGFR inhibitors, which is attributed in part to 
vasoconstriction caused by VEGF inhibition.19 In this 
study, hypertension was reported in 19.0% of patients. 
Events were mainly mild at grade 1/2, with three 
events of grade 3 or higher. This rate is lower than that 
reported in a phase I/II trial with the selective FGFR1/2 
and VEGFR1/2/3 inhibitor lucitanib,14 in which hyper-
tension occurred in 91% of patients, with 57% having 
grade 3 events. Hyperphosphataemia, an AE often asso-
ciated with selective FGFR inhibitors,4 20 was reported in 
19% of patients and a blood phosphorus increase was 
reported in 5% of patients. These results are compa-
rable to those for the FGFR-specific agents AZD4547 
and ARQ087.18 21 Ocular toxicities have been reported 
with FGFR inhibitors.22 In this study, only a single case of 
grade 3 punctate keratitis was reported with ODM-203 
and was classified as a DLT after administration of an 
800 mg dose. Most of the ocular events reported with 
ODM-203 (19.0%) were mild in severity, with conjuncti-
vitis being the most frequently reported event.

CONCLUSION
ODM-203 400 mg once daily in tablet formation results 
in sufficient plasma concentrations of ODM-203 along 
with acceptable tolerability in most patients. The AEs 
reported were for the most part anticipated from 
the therapeutic mechanisms of action of ODM-203, 
manageable and responsive to drug interruption and/
or dose reduction. Based on the study results, guid-
ance for clinicians regarding these dose modifications 
on the occurrence of specific AEs is recommended. 
Preliminary signs of therapeutic activity of ODM-203 in 
patients with solid tumours were also observed. A limita-
tion of the study, however, is the small sample size. Only 
few patients with FGFR altered tumours were treated to 
accurately define the benefits and safety of ODM-203 in 
tablet formulation. As FGFR acts differently in different 
tumour types, patient selection should be a key consid-
eration for phase II studies.
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In the KIDES-203 study the classification of fibroblast growth factor receptor mutations as activating 

was performed retrospectively based on the following publications: 

1. Greulich H and Pollock PM. Trends Mol Med 2011 (1) 

2. Liao RG, et al. Cancer res 2013 (2) 

3. Gallo LH, et al. Cytokine Growth Factor Rev, 2015 (3) 

4. Helsten T, et al. Clin Cancer Res, 2016 (4) 

5. Babina IS and Turner NC. Nat Rev Cancer, 2017 (5) 
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Supplementary Table S1. Definition of a DLT 

Any of the following toxicities (grading according to the National Cancer Institute Common 

Terminology Criteria for Adverse Events [NCI CTCAE] ver. 4.03 (6)) determined as related to 

ODM-203 and occurring during the first 28 days of the study treatment: 

 Prolonged grade 4 neutropenia (ANC <0.5×10
9
/L) for >7 days 

 Febrile neutropenia (ANC of <1.0×10
9
/L [grade 3 or 4] and fever of >38.3°C [single 

occurrence] or ≥38.0°C sustained for more than 1 hour) 

 Grade 4 thrombocytopenia (<25.0×10
9
 /L) or, grade 3 or 4 thrombocytopenia with clinically 

significant bleeding 

 Persistent nausea, vomiting, diarrhea grade ≥3 despite optimal medical intervention (not 

used as a prophylactic regimen 

 Grade 3 increase in AST and ALT lasting for more than 7 days 

 Persistent grade 3 hypertension despite appropriate therapy; as hypertension is a common 

side effect of VEGFR inhibitors, the onset of clinically manageable hypertension was not 

itself regarded as a DLT 

 Serum phosphate >10.0 mg/dL or >7.0 mg/dL and not responding to phosphate lowering 

therapy 14 days after discontinuation of the study treatment 

 Any other toxicity which, in the judgement of the investigator and/or sponsor, was viewed 

as a DLT 

 Any AE which, in the opinion of the investigator and sponsor, was attributed to a patient’s 

underlying disease was not to be considered a DLT 

ANC, absolute neutrophil count; ALT, alanine aminotransferase; AST, aspartate aminotransferase; 

DLT, dose limiting toxicity; VEGFR, vascular endothelial growth factor receptor. 
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Supplementary Table S2: Inclusion and exclusion criteria 

Inclusion criteria 

1. Male and female patients over the age of 18. 

2. Patients with histologically or cytologically confirmed locally advanced or metastatic solid tumors with at least one measureable lesion for 

whom no effective standard therapy existed or whose disease was refractory or resistant to conventional therapy. Patients in Part 2 had to 

have a tumor or genetic aberration. Molecular aberrations were to be based on analysis of a tumor sample taken after the most recent 

course of chemotherapy, if applicable. 

3. Availability of FFPE tumor sample for central genetic analysis either from recent sampling, archival or other source. 

4. Adequate hemopoetic, hepatic and renal function, evidenced by: 

a) Absolute neutrophil count > 1.5 x 10
9
 L. 

b) Platelet count >100 x 10
9
 L. 

c) Hemoglobin >9 g/dL in the absence of transfusions within 2 weeks prior to the start of study treatment. 

d) Bilirubin <1.5 x ULN; alternatively ≤3x ULN could be accepted if liver metastases were present after agreement with the sponsor and 

the medical monitor. 

e) AST and/or ALT <3x ULN; alternatively ≤5x ULN could be accepted if liver metastases were present after agreement with the sponsor 

and the medical monitor. 

f) Albumin ≥3.0 g/dL. 

g) Serum creatinine <1.5x ULN or calculated creatinine clearance ≥60 ml/min/1.73 m
2
 for patients with creatinine levels above normal 

limit. 

5. ECOG performance status of 0–1. 

6. Adequate serum mineral levels, evidenced by: 
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a) Phosphate: 2.5 mg/dL (0.8 mM) < value ≤4.5 mg/dL (1.44 mM). 

b) Calcium: 8.8 mg/dL (2.2 mM) < value ≤10.4 mg/dL (2.6 mM). 

c) Magnesium: 1.2 mg/dL (0.5 mM) < value ≤3.0 mg/dL (1.23 mM). 

d) Potassium: 11.7 mg/dL (3.0 mM) < value ≤ 21.5 mg/dL (5.5 mM). 

e) Sodium: 299 mg/dL (130 mM) < value ≤ 345 mg/dL (150 mM). 

7. Recovery from reversible adverse events of previous systemic anticancer therapies to baseline or grade 1 except for alopecia; stable 

neuropathy of grade 2 which was induced by prior cancer treatment. 

8. Life expectancy of 12 weeks or more. 

In order not to unnecessarily deny access to the study to otherwise eligible patients, in Part 2 the medical monitor could apply some 

discretion to patients with laboratory results that deviated from the limits in inclusion criteria 5 and 7. The medical monitor could permit 

enrollment of individual patients with laboratory deviations judged to be of no clinical significance provided this was deemed to be in the 

best interests of the patient. 

Exclusion criteria 

1. Any prior anti-VEGFR or -FGFR treatment-related AE that, in the judgement of the investigator, was considered severe/life threatening. 

2. Patients receiving warfarin. Patients receiving LMWH were allowed in the study. 

3. Active CNS metastases not controlled by prior surgery or radiotherapy and/or low dose steroids for a period of 4 weeks or more. 

4. Patients with current evidence of endocrine alteration of calcium-phosphate homeostasis including but not limited to 

parathyroid disorders, history of parathyroidectomy, tumor lysis, tumoral calcinosis. 

5. Concomitant therapies that were known to increase serum phosphorus and/or calcium levels and could not be discontinued or switched to 

a different medication were not permitted within 14 days before the first dose of ODM-203, e.g. calcium, phosphate, potassium phosphate 

supplements (oral or intravenous), some antacids, bisphosphonate therapy, phosphate-containing enemas and laxatives (rectal/oral), 

vitamin D, and parathyroid hormone. 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) ESMO Open

 doi: 10.1136/esmoopen-2020-001081:e001081. 5 2020;ESMO Open, et al. Bono P



5 

6. Significant cardiovascular conditions or circumstances as follows: 

a) Active or unstable cardio/cerebrovascular disease. Examples included, but were not limited to, uncontrolled ventricular arrhythmia, 

recent (within 6 months) myocardial infarction, congestive heart failure (NYHA class III-IV), coronary artery bypass graft or 

symptomatic cerebrovascular accident. 

b) Uncontrolled hypertension (systolic BP ≥150 mmHg and/or diastolic BP ≥90 mmHg with optimized antihypertensive therapy). 

c) History of severe arrhythmia, familial arrhythmia, clinically significant conduction abnormality or congenital long QT syndrome. 

d) Concomitant therapies known to prolong QT interval and associated with a risk of TdP were not permitted within 7 days before the 

first dose. Amiodarone was not permitted for 90 days before the first dose. Note: Patients could be eligible if concomitant therapy 

could be discontinued or switched to a different medication and patient’s status was stable for sufficient duration prior to starting 

study treatment. 

e) Repeatable prolongation of QTcF interval ≥450 msec or any clinically significant abnormality in the ECG at screening period in 2/3 

recordings. 

f) LVEF <50% evaluated by ECHO or MUGA scan at screening period or within 28 days of first dosing. 

7. Patients who received systemic anticancer treatment prior to the first dose of ODM-203 within the following timeframes: 

a) Less than 28 days since the last dose of antineoplastic therapy, or longer for drugs depending on the product’s use with the exception 

of LHRH analogues. 

b) 28 days of wide field radiotherapy (including therapeutic radioisotopes such as strontium 89) or 14 days of limited field radiation for 

palliation. 

8. Major surgery or serious infection within 21 days of the first dose of study treatment. 

9. Known gastrointestinal disease or a procedure that could affect absorption of study treatment. 

10. Serious concurrent medical condition or psychiatric illness. 

11. History and/or current evidence of ectopic mineralization/calcification including but not limited to the soft tissue, kidneys, intestine, 
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myocardium and lung with the exception of calcified lymph nodes and breast tissue, tumor calcification and asymptomatic coronary 

calcification. 

12. Known active or past history (within the last 2 years prior to screening) of other primary malignancy (unless treated with a curative intent 

or with the exception of non-melanoma skin cancers, superficial bladder cancer or in situ breast or cervical cancer). 

13. Female patients of childbearing potential (i.e. menstruating or less than 2 years postmenopausal) being pregnant (had to have a negative 

pregnancy test before the first dose of study medication) or breast-feeding. 

14. Female patients of childbearing potential or male patients with female partner of childbearing potential who did not agree to use effective 

contraception (e.g. implants, injectables, combined oral contraceptives, intrauterine device, barrier method, sexual abstinence, surgical 

sterilization) for the duration of the study and 3 months after last dose of study medication. 

15. Known hypersensitivity to the study treatment excipients. 

16. Any condition that, in the opinion of the investigator could have impaired the patient’s ability to comply with study procedures 

e.g. uncontrolled diabetes mellitus, infection/inflammation, intestinal obstruction, unable to swallow study treatment capsules. 

17. Participation in another interventional clinical trial and any concurrent treatment with any investigational drug within 4 weeks prior to start 

of the study treatment. 

Waivers from exclusion criteria were not permitted. 

AE, adverse event; BP, blood pressure; ECG, electrocardiogram; ECHO, echocardiography; ECOG, Eastern Cooperative Oncology Group; FFPE, formalin-fixed 

paraffin embedded; FGFR, fibroblast growth factor receptor; LHRH, luteinizing hormone-releasing hormone; LMWH, low molecular weight heparin; LVEF, 

Left ventricular ejection fraction; MUGA, multigated acquisition; NYHA, New York Heart Association; TdP, Torsades de Pointes; ULN, upper limit of normal; 

VEGFR, vascular endothelial growth factor receptor. 
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Supplementary Table S3. ODM-203 best tumor response (RECIST) and associated FGFR aberrations 

Observation Best RECIST 

status 

Type of FGFR aberration Amplified FGFR 

pathway gene 

Activating  

FGFR mutation 

Non-activating 

FGFR mutation 

FGFR 

rearrangement 

1 PD Amplification FGFR1    

2 PD Amplification FGFR4; FRS2    

3 PD Amplification FGFR1    

4 PD Mutation   FGFR2 M391R  

5 PD Mutation  FGFR2 S252W   

6 SD Mutation   FGFR2 N329del  

7 SD Mutation + Translocation  FGFR3 R248C  FGFR2-BICC1 

8 PD Amplification FGFR1    

9 SD Amplification FGFR2    

10 PD Mutation  FGFR3 S249C   

11 PD Mutation  FGFR3 G380R   

12 SD Amplification FGFR1    

13 PD Translocation    FGFR3-TACC3 

14 SD Amplification FRS2    

15 SD Amplification FGFR1    

16 SD Mutation  FGFR4 N535K   

17 SD Amplification FGFR3    

18 SD Mutation  FGFR2 C382R   

19 PD Amplification FGFR1    

20 SD Amplification FRS2    

21 SD Amplification + Mutation FGFR1 FGFR3 S249C   

22 SD Amplification FGFR1    

23 SD Amplification FGFR1    

24 PD Amplification FGFR1    

25 SD Amplification + Mutation FGFR1  FGFR2 

Y345_Q351del 

 

26 SD Amplification + Translocation FGFR1   FGFR1 intergenic 

27 SD Translocation    FGFR2-VCL 

28 SD Translocation    FGFR2 
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rearrangement 

29 PR Mutation  FGFR2 C382R   

30 PR Translocation    G3BP2-FGFR2 

31 PR Mutation  FGFR2 C382R   

32 PR Mutation  FGFR3 S249C   

 

BICC, BicC family RNA binding protein, FGFR, fibroblast growth factor receptor; PD, progressive disease; RNA, ribonucleic acid; PR, partial response; SD, 

stable disease; TACC, transforming acidic coiled-coil containing; VCL, Vinculin 

 

Supplementary Table S4. Best tumor response (RECIST) 

 Capsule Tablet Total 

(N=71
a
)  400 mg 

(n=7) 

600 mg 

(n=26) 

800 mg 

(n=6) 

200 mg 

(n=3) 

300 mg 

(n=3) 

400 mg 

(n=26) 

PR 1 (14.3) 3 (11.5) 1 (16.7) 0 (0.0) 0 (0.0) 2 (7.7) 7 (9.9) 

SD 2 (28.6) 12 (46.2) 3 (50.0) 1 (33.3) 2 (66.7) 16 (61.5) 36 (50.7) 

PD 4 (57.1) 11 (42.3) 2 (33.3) 2 (66.7) 1 (33.3) 8 (30.8) 28 (39.4) 

a
ITT 76 patients, 4 patients with low exposure (100–200 mg) and 1 patient with non-evaluable non-target lesions (600 mg) are not included. Unscheduled 

visits are included in the data. 

ITT, intention to treat; PR, partial response; PD, progressive disease; SD, stable disease. 
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Supplementary Figure S1 KIDES study design 

 

AE, adverse event; DLT, dose-limiting toxicity; QD, once a day. 
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Supplementary Figure S2. Biomakers of FGFR and VEGR pathways 

Percentage mean change from baseline in FGF23 (A), PGF (B), VEGF (C) and VEGFR2 (D). Grouped by 

plasma exposure quatiles <Q1, 3705ng/mL; Q1-Md, 3705-8305 ng/mL; Md-Q3, 8305-13000 ng/mL 

and >Q3, 13000 ng/mL. Subjects are classified by plasma exposure categories according the highest 

pre-dosing concentration up to day 29. All patients and dose levels included. 

(A) 

 

(B) 
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(C) 

 

(D) 

 

FGF, fibroblast growth factor; PGF, platelet growth factor; VEGF, vascular endothelial growth factor; 

VEGFR, vascular endothelial growth factor receptor. 
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