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Abstract
Purpose  Oral administration of chemotherapy offers several advantages in comparison with intravenous administration. 
Previously, data on a new oral formulation of irinotecan have been published. The aim of the present study was to evaluate 
the safety, tolerability, and Maximum Tolerated Dose (MTD) of the new oral irinotecan formulation in combination with 
oral capecitabine.
Methods  The study was an open label, phase 1, single center, extension part in which oral irinotecan was investigated in 
combination with capecitabine. The MTD of irinotecan in combination with capecitabine was 17.5 mg/m2 once daily for 14 
consecutive days in combination with capecitabine 800 mg/m2 twice daily. Eligible patients were adults with metastatic or 
unresectable solid tumors for which no standard curative or palliative therapies existed.
Results  14 patients were included in the extension part. No grade 3 or 4 hematologic toxicities were observed. Non-hema-
tological toxicities included grade 1 and 2 diarrhea, fatigue, cholinergic syndrome, vomiting, and weight loss. Totally, 3 
grade 3 toxicities and no grade 4 event were reported. No objective responses were observed. Five patients had stable disease 
lasting median 14 weeks.
Conclusions  Capecitabine in combination with oral irinotecan could be a new treatment option offering a more convenient 
and patient friendly treatment strategy compared to intravenous irinotecan. The combination is fairly tolerated; however, 
further investigations are needed to assess the efficacy of this regimen.
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Introduction

Oral administration of chemotherapy offers several advan-
tages in comparison with intravenous administration. Among 
these are easier administration, the possibility of home treat-
ment, and the facilitation of continuous treatment regimens.

Irinotecan is a topoisomerase inhibitor widely used in 
the treatment of gastrointestinal cancers. For the treatment 
of metastatic colon and pancreatic cancers, international 

guidelines recommend the use of irinotecan in combination 
with 5-fluorouracil (5-FU) as the first- or second line treat-
ment [1, 2]. For the treatment of metastatic gastric cancer, 
irinotecan monotherapy is recommended as the second- or 
third-line therapy [3].

Whereas 5-FU has been available as oral therapy for sev-
eral years, irinotecan is only marketed as intravenous for-
mulations. During the past years, several attempts have been 
made to develop a safe and efficacious irinotecan tablet with 
high bioavailability, low interpatient variability, and accept-
able gastrointestinal side effects [4–7]. Despite these efforts, 
no oral irinotecan formulation has been marketed yet.

Recently, we published data from a phase 1a study on a 
new oral irinotecan formulation. The formulation is designed 
as an enteric-coated tablet to allow passage through the 
stomach before immediate release in the duodenum. This 
ensures the elimination of one irinotecan dose before 
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administration of the next, thus avoiding drug accumula-
tion and ensuring high bioavailability with low inter-patient 
variability.

In this study, the Maximum Tolerated Dose (MTD) 
was established at 21 mg/m2. The most common treat-
ment-related adverse events were nausea and diarrhea 
which were reported in 58% and 50%, respectively, among 
patients receiving the MTD. Hematological toxicities were 
only grade 1 and 2. No complete or partial responses were 
observed, 9 patients (36%) had stable disease lasting median 
19 weeks (range 7–45 weeks).

The study confirmed that the oral irinotecan formulation 
was indeed rapidly and well absorbed as well as more effec-
tively converted to SN-38 compared to intravenous admin-
istration [8].

The aim of the present study was to evaluate the safety, 
tolerability, and MTD of oral irinotecan in combination with 
oral capecitabine. This study was conducted as a phase Ib 
combination study of the previously published phase 1a trial 
on oral irinotecan given as monotherapy as described above.

Our study consisted of two parts, a dose finding study of 
the new oral irinotecan formulation as single agent (part a), 
followed by a study to determine the MTD of oral irinotecan 
in combination with a fixed dose of capecitabine (part b). As 
data from part a of the trial has already been published, only 
data from part b will be presented here.

Patients and methods

Study design

The study was an open label, phase 1a/b, single center, dose-
escalating study of a new oral formulation of irinotecan with 
a part b in which oral irinotecan was investigated in com-
bination with capecitabine. The investigational drug was 
designed and supplied by Oncoral Pharma ApS Denmark 
as an enteric-coated immediate release tablet.

The dose of irinotecan in combination with capecitabine 
was decided to be one dose level below the MTD level of iri-
notecan as single agent. Based on part a of the study [8], this 
dose was set at 17.5 mg/m2 once daily (OD) in the morning, 
the capecitabine dose was 800 mg/m2 twice daily (BID). Iri-
notecan was administered in the free base form thus 17.5 mg/
m2 corresponds to 20.2 mg/m2 of irinotecan hydrochloride 
trihydrate. Both irinotecan and capecitabine were given for 
14 consecutive days, followed by 1 week off medication in a 
3-week treatment cycle. In part b, 12 patients were planned 
to be included. The first cohort of 3 patients was treated at 
dose level 1 (17.5 mg/m2 OD/800 mg/m2 BID). If this was 
safe and well-tolerated, the next three patients were to be 
treated at dose level 2 (21 mg/m2 OD/ 800 mg/m2 BID). 
If this dose was also safe and well tolerated, additional six 

patients were to be treated at dose level 2. If not considered 
safe, the remaining six patients were to be treated at dose 
level 1.

Patients were treated for two consecutive treatment cycles 
within the study. For ethical reasons, repetition of the treat-
ment cycles beyond the two cycles within the study was 
allowed until progression, death, or unacceptable toxicity.

Dose-limiting toxicities (DLT) were defined as neu-
tropenia or thrombocytopenia grade 4 or bleeding due to 
thrombocytopenia, any grade 3–4 adverse event thought to 
be treatment related, grade ≥ 3 diarrhea, vomiting or nausea 
despite optimal treatment, moderate-to-severe symptoms of 
early cholinergic syndrome, or other adverse reactions lead-
ing to treatment delay for more than 2 weeks.

All side effects were graded according to the toxicity 
and response criteria of the Eastern Cooperative Oncology 
Group version 4.0 [9].

Study population

Eligible patients were adults with metastatic or unresect-
able solid tumors for which no standard curative or pallia-
tive therapies existed. Patients in performance status 0–1 
according to ECOG were eligible [9]. Patients with known 
prior hypersensitivity to either irinotecan or capecitabine 
were excluded.

Study objectives

The objective was to evaluate safety and tolerability and to 
determine the MTD of an oral formulation of irinotecan in 
combination with capecitabine.

Statistical analysis

No formal statistical analyses were performed on safety or 
efficacy data, as this was a phase 1 study. Descriptive statis-
tics were used for patient demographics, safety, and efficacy 
data.

Ethics

The study was performed in accordance with the Declara-
tion of Helsinki, ICH-Good Clinical Practice and approved 
by The Regional Ethics Committee (H-15000878) of Den-
mark. All included patients provided written, informed 
consent. The study was initiated by the principal investiga-
tor at Herlev and Gentofte Hospital, Department of Oncol-
ogy and partly sponsored by grants from the Innovation 
Foundation and The Danish Cancer Society and registered 
at EudraCT (2014-005584-32) and at ClinicalTrials.Gov 
(NCT03295084).
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Results

Patient characteristics

From June 1st, 2017 to June 7th, 2018, 14 patients were 
treated in part b of the study. Median age was 69.5 years 
(range 43–85), eight were performance status (PS) 0, and six 
were PS 1. Most patients had prostate cancer (8 patients), two 
patients had rectal cancer, and one each duodenum, bladder, 
head, and neck cancer and one patient had a neuroendocrine 
tumor in the colon. Patients had received median 3 numbers 
of prior treatments (ranges 1–4). Three patients had received 
irinotecan prior to inclusion, while five patients had received 
either capecitabine, 5-FU or both.

All patients were treated at the same dose of irinotecan 
(17.5 mg/m2). Treatment lasted median 5.9 weeks (range 
1.3–19.7 weeks) corresponding to a median of 2 cycles (range 
1–6).

Patients characteristics are summarized in Table 1.

Dose escalation and dose‑limiting toxicities

The dose level of irinotecan (17.5 mg/m2) OD was one dose 
level below the MTD established in part a of the study in 
which irinotecan was given as monotherapy. The dose of 
capecitabine was fixed at 800 mg/m2 twice daily. Among the 
first three patients included, one experienced a DLT of grade 
3 diarrhea. As the remaining patients in the extended cohort 
at the initial dose level experienced several grades 2 toxicities 
including diarrhea, nausea, vomiting, and abdominal pain, the 
safety board decided not to increase the irinotecan dose. The 
MTD for irinotecan in combination therapy was thus estab-
lished at 17.5 mg/m2 .

Safety

Hematological side effects were mild and manageable. Anemia 
grade 1 or 2 was found in 4 patients, while two patients expe-
rienced grade 1 leukocytopenia and one patient had throm-
bocytopenia grade 1. No grade 3 or 4 events were reported 
(Table 2).

Non-hematological grade 1–2 toxicities included nausea in 
12 patients, diarrhea (8), fatigue (7), cholinergic syndrome (7), 
vomiting (7), and weight loss (6). Apart from the DLT of grade 
3 diarrhea, only two grades 3 side effects were reported; one 
fatigue and one abdominal pain.

Totally four patients discontinued treatment due to 
toxicities.

Efficacy

No objective responses were observed. Five patients had 
stable disease (SD), seven had progressive disease (PD), 
while two patients were non-evaluable. SD lasted median 
14 weeks (range 12–29 weeks).

As of October 2018, 10 patients had died.

Discussion

The aim of this study was to determine the MTD of an 
oral irinotecan formulation in combination with capecit-
abine. The combination is widely used in the treatment of 
colorectal cancer and the opportunity to dose both drugs 
perorally would introduce a patient friendly and conveni-
ent treatment strategy allowing for home administration as 
well as for regimens of more frequent dosing.

Table 1   Patient demographics and disease characteristics (14 
patients)

Characteristics Number of patients (%)

Median age, years (range) 69.5 (43–85)
Gender
 Male 10 (71.4)
 Female 4 (28.6)

ECOG performance status
 0 8 (57.1)
 1 6 (42.9)

Primary cancer
 Prostate 8 (57.1)
 Rectum 2 (14.3)
 Duodenum 1 (7.1)
 Head and neck 1 (7.1)
 Bladder 1 (7.1)
 Neuroendocrine tumor (colon) 1 (7.1)

Extent of disease
 Locally advanced 4 (28.6)
 Metastatic 10 (71.4)

Median number of prior regimen for 
advanced disease (range)

3 (1–4)

Prior treatment with irinotecan
 Yes 3 (21.4)
 No 11 (78.6)

Prior treatment with capecitabine/5-FU
 Capecitabine 1 (7.1)
 5-FU 3 (21.4)
 Capecitabine and 5-FU 1 (7.1)
 No 9 (64.3)
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We have previously shown that a new oral irinotecan for-
mulation was safe, well absorbed, and fairly tolerated among 
heavily pretreated patients with solid tumors.

The combination of oral irinotecan and capecitabine has 
been investigated in few previous studies using different iri-
notecan formulations.

One study investigated increasing doses of a semi-solid 
matrix capsule of irinotecan combined with capecitabine. 
The MTD was found to be 30 mg/m2 for irinotecan dosed 
once daily for 14 consecutive days combined with capecit-
abine 800 mg/m2 twice daily for 14 days every 3 weeks. Five 
patients were treated at the MTD level, while 25 patients in 
total were treated with irinotecan and capecitabine. In the 
MTD cohort, one patient each experienced grade 3 diarrhea 
and vomiting. Grade 3 nausea was observed in two patients. 
No grade 3 or 4 hematologic toxicities were reported. 
Among 25 patients treated with combination therapy, four 
patients had a partial response and six patients had stable 
disease (SD) [6].

Another study investigated the MTD of a semi-solid 
matrix formulation of irinotecan as a single agent and in 
sequential combination with capecitabine. The MTD for 
sequential therapy was established at 40 mg/m2 irinotecan 
on days 1–5 and 800 mg/m2 twice daily of capecitabine 
days 6–14 in 21 days cycles. In this cohort, 18 patients 
were included. Hematologic toxicities included one 
grade 3 anemia and thrombocytopenia each. In addition, 
non-hematological grade 3 toxicities included vomiting 
and nausea which occurred in 3 patients each, while one 

patient experienced grade 3 diarrhea. No patients treated 
with sequential irinotecan and capecitabine had objective 
response, but among 40 patients included in the combination 
cohort, SD was found in 21 patients (52.5%) [10].

Other studies on the combination of irinotecan and 
capecitabine mainly include studies in which irinotecan 
was given intravenously. In addition, several different dosing 
schedules have been used. In the following studies, capecit-
abine was given at 1000 mg/m2 twice daily on days 1–14 
unless described otherwise [11–15] .

A randomized phase II study comparing irinotecan 
80 mg/m2 days 1 and 8 every 3 weeks plus cisplatin to iri-
notecan plus capecitabine in patients with advanced non-
small-cell lung cancer, reported neutropenia grade 3–4 in 
27%, diarrhea in 11% and nausea, and vomiting in 5% of 
the 37 patients receiving irinotecan and capecitabine [12].

In another study, among 30 patients treated with irinote-
can 100 mg/m2 days 1 and 8 every 3 weeks and capecitabine 
in the first line for colorectal cancer, grades 3 or 4 diarrhea 
were reported in 20% of patients, while grade 3 or 4 leuko-
penia were seen in 23% of patients [11].

A phase II study in 36 heavily pretreated patients with 
metastatic breast cancer reported neutropenia grade 3 and 
4 in 30.6% and 27.8% of patients, respectively. Non-hema-
tologic grade 3 AEs included diarrhea in 8.3% of patients 
and vomiting in 2.8%. Patients were treated with irinote-
can 80 mg/m2 days 1 and 8 every 3 weeks and capecitabine 
[13]. A recent study including 221 patients with metastatic 
breast cancer compared irinotecan 80 mg/m2, days 1 and 8 

Table 2   Treatment-related 
adverse event (14 patients)

Grade 4/5 adverse events were not observed

Grade 1 n (%) Grade 2 n (%) Grade 3 n (%) All grade n (%)

Fatigue 4 (28.6) 3 (21.4) 1 (7.1) 8 (57.1)
Weight loss 6 (42.9) 0 0 6 (42.9)
Constipation 3 (21.4) 0 0 3 (21.4)
Diarrhea 5 (35.7) 3 (21.4) 1 (7.1) 9 (64.3)
Nausea 6 (42.9) 6 (42.9) 0 12 (85.7)
Vomiting 3 (21.4) 4 (28.6) 0 7 (50.0)
Cholinergic syndrome 6 (42.9) 1 (7.1) 0 7 (50.0)
Mucositis 3 (21.4) 1 (7.1) 0 4 (28.6)
Dyspnea 3 (21.4) 0 0 3 (21.4)
Fever 1 (7.1) 0 0 1 (7.1)
Febrile neutropenia 0 0 0 0
Anemia 3 (21.4) 1 (7.1) 0 4 (28.6)
WBC decreased 2 (14.3) 0 0 2 (14.3)
ANC decreased 0 0 0 0
Platelet count decreased 1 (7.1) 0 0 0
Abdominal pain 4 (28.6) 2 (14.3) 1 (7.1) 7 (50.0)
Palmar-plantar erythro-

dysesthesia syndrome
3 (21.4) 3 (21.4) 0 6 (42.9)

Other 6 (42.9) 4 (28.6) 0 10 (71.4)
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and capecitabine to capecitabine monotherapy 1 ,250 mg/
m2 twice daily on days 1–14 every 3 weeks. In the combi-
nation arm, hematological toxicities grades 3 and 4 were 
observed in 60 patients (54%), while grade 3 or 4 diarrhea 
was reported in 3 patients (2.7%) [14].

Another study in 52 patients with metastatic colorectal 
cancer used a regimen of irinotecan 250 mg/m2 on day 1 
and capecitabine. Grade 4 toxicities were reported in 27% of 
patients, mainly neutropenia (15.4%), while 20% of patients 
experienced grade 3 diarrhea [15].

In a phase II study on weekly irinotecan 90 mg/m2 and 
capecitabine given at 1200 mg/m2 days 1–5, the overall inci-
dence of grade 3–4 AEs was 55.5%, severe diarrhea was 
reported in 7.7% of study participants and included one 
grade 4 diarrhea [16].

In a study with a similar design, except irinotecan was 
given at 240 mg/m2 no diarrheas and only grade 1 toxicities 
were reported [17].

Recently, data from a modified regimen of capecitabine 
and irinotecan for the treatment of metastatic colorectal 
cancer were published. Irinotecan was given intravenously 
200 mg/m2 on day 1 along with capecitabine 800 mg/m2 
twice daily on days 1–4 every 3 weeks. Grades 3 and 4 neu-
tropenia were reported in 16% of patients, diarrhea grade 3 
in 7% (no grade 4 events reported), and vomiting in 2% of 
patients. These data included patients treated with irinotecan 
and capecitabine ± bevacizumab, as data were not provided 
for patients receiving irinotecan and capecitabine only [18].

The different doses and treatment schedules of irinote-
can along with the fact that these studies used intravenous 
irinotecan make any direct comparisons on toxicity impos-
sible. Hematologic toxicities grades 3 and 4 were reported in 
23–60%, while diarrhea was reported in 2.7–20% and grade 
3 vomiting in 2.8–5%.

In our study, no grade 3 or 4 hematologic events were 
reported, and only one grade 3 diarrhea (7.1%) and no grade 
3 vomitings were observed.

The incidence of grade 3 or 4 diarrhea among patients 
treated with intravenous irinotecan in combination with 
5-FU is reported to be 11–14% [19]. Compared to this, we 
found only one grade 3 diarrhea corresponding to 7.1% of 
patients receiving oral irinotecan with capecitabine.

Compared to other published studies on oral irinote-
can and capecitabine, our MTD of 17.5 mg/m2 was lower, 
although this dose of irinotecan as free base corresponds to 
20 mg/m2 of irinotecan hydrochloride, trihydrate. This could 
influence the numbers of severe gastro intestinal toxicities.

The present extension study has confirmed the relatively 
favorable toxicity profile of oral irinotecan in combination 
with capecitabine. Based on data from other, not directly 
comparable studies, the safety profile of our oral formula-
tion in combination with capecitabine seems to be at least 
as favorable as other combination regimens including 

irinotecan intravenously or oral and capecitabine. Regard-
ing efficacy, this study included various tumor types not very 
likely to respond to irinotecan. This might be considered 
a limitation of the study design. Thus, as the number of 
patients in our study is very small and does not include the 
patient population most likely to respond to irinotecan, addi-
tional studies are required to gain more knowledge regarding 
toxicities and to establish the efficacy of this regimen.
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