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Materials and Methods
Study Design and Treatment
The dose escalation in phase I followed a traditional 3 + 3 design with de-escalation, starting at 100 mg bid (group I) or 50 mg bid (group II) and escalating to 200 mg bid in 50-mg bid increments. These starting doses represent 40% and 20%, respectively, of the MTD (250 mg bid) determined in patients with normal livers and were intended to provide adequate safety margins for patients with HCC with reduced capability to metabolize and excrete nintedanib. Patients were administered nintedanib orally for treatment courses of 28 days and were assessed for retreatment eligibility on the day 29 visit. If a patient experienced a DLT (independent of the treatment course), treatment with nintedanib was interrupted and could be resumed at a reduced dose level after re-starting criteria were met. Patients with clinical benefit and no undue toxicity could be treated in repeated treatment courses. These descriptive analyses for MTD were performed for each of the two patient groups separately. 
The MTD was defined as the highest dose of nintedanib for which the incidence of DLTs was reported in 0/3 or <2/6 of the patients. DLTs during the first treatment course were used for MTD determination and dose escalation. However, all unusual or unexpected toxicities that were reported during the whole treatment were also considered for the purpose of confirming the MTD or recommended phase II dose. Dose escalation stopped at the highest prespecified dose level when the MTD was not achieved. DLTs for nintedanib were defined as nintedanib-related CTCAE version 3.0 grade 4 thrombocytopenia of any duration or nintedanib-related CTCAE grade 4 neutropenia lasting for 8 or more days or nintedanib-related febrile neutropenia of any duration or nintedanib-related CTCAE grade 3 or 4 non-hematologic toxicity (except alopecia, untreated vomiting or diarrhea, and liver toxicity) or nintedanib-related liver toxicity except isolated gamma glutamyltransferase (γ-GT) elevation with no corresponding increase in ALT/AST/alkaline phosphatase (ALP). For patients with normal liver enzymes at baseline, the DLT definition (meant to correspond to grade 3 toxicity according to CTCAE) for ALT/AST/ALP and total bilirubin was >5× ULN and >3× ULN, respectively. For patients with elevated liver enzymes at baseline, the DLT definition for ALT/AST/ALP and total bilirubin was >(baseline value + 4× ULN) and >3× ULN, respectively.
[bookmark: _GoBack]In phase II, randomization was performed by an integrated response system using a validated randomization number–generating system implemented by Almac (Craigavon, UK). The random code was generated by the Boehringer Ingelheim randomization group and checked by a trial-independent statistician. For patients in the nintedanib group who had any prespecified AEs, and consistent with dose interruption criteria, two dose reductions with no dose escalations thereafter were allowed according to a prespecified scheme (from 200 mg bid to 150 mg bid and thereafter to 100 mg bid); for patients in the sorafenib group, doses were delayed or reduced for clinically significant hematologic and other toxicities according to a prespecified scheme shown in the protocol (online only). Tumor assessment by RECIST v1.0 was performed every 4 weeks for the first 16 weeks after the start of treatment, then every 8 weeks. The baseline scan was performed within 3 weeks prior to treatment with the trial drug. Treatment decisions were based on investigator assessment. The independent assessment was done pre-planned, but prospectively per patient and did not influence treatment decisions. 
Study Outcomes
The primary endpoint of the phase I portion was determination of the MTD of nintedanib in terms of DLTs occurring within the first 28 days of therapy. The secondary endpoints were the occurrence of DLTs during the MTD determination period and PK of nintedanib and its metabolites BIBF 1202 and BIBF 1202 glucuronide.
For phase II, the primary endpoint was TTP by CIR, defined as the time from randomization to PD according to RECIST v1.0. Main secondary endpoints were objective tumor response according to RECIST v1.0 assessed by CIR, defined as a best response of complete response or partial response; PFS assessed by CIR, defined as time from randomization to PD according to RECIST v1.0 or death, whichever occurred earlier; and OS, defined as time from randomization until death. Additional analyses included response by α-fetoprotein (AFP); time to treatment failure, defined as time from randomization to earliest date of PD by RECIST v1.0 by CIR, death, or date of stopping study medication because of toxicity; TTP by investigator assessment according to RECIST v1.0; objective tumor response and TTP according to modified RECIST (mRECIST) for HCC criteria [22] (CIR only); and safety of nintedanib as indicated by incidence and intensity of AEs according to CTCAE v3.0 and laboratory evaluations.
	Safety and tolerability were assessed in terms of the incidence and severity of AEs according to Common Terminology Criteria for Adverse Events (CTCAE) v3.0, changes in laboratory parameters, physical examination, ECOG PS, vital signs, and electrocardiogram. 
	For phase II, the primary analysis for efficacy and safety was performed after ≥80% of patients had an investigator-assessed TTP event. The final analysis was done after 86% of patients had an OS event and 74% of patients had a TTP event by CIR. Results of this analysis are presented in this manuscript. 
Sample Size Determination for Phase II
Assuming median TTP times of 4.5 months and 3 months for the nintedanib treatment arm and the sorafenib treatment arm, respectively, we obtained the following probabilities for a correct selection of the nintedanib based on 60 versus 30 patients for the corresponding arms. The trial was designed to provide a high probability of recording a numerically positive treatment effect. The probability of observing any numerically positive treatment effect on TTP (i.e., an estimated HR for TTP between nintedanib and sorafenib of less than 1) was around 96%. The probability of observing a 15% reduction in hazard over sorafenib (HR <0.85) was about 84.9% (Table).

Table: Probability of observing HR from an exponentially distributed survival data (30 vs 60 patients)
	Underlying true
	Probability of observing
 


	TTP
sorafenib
	TTP nintedanib
	HR
	HR <0.8
	HR <0.85
	HR <1
	medC <medT

	3
	4.5
	0.67
	76.5
	84.9
	96.0
	91.1

	3
	4
	0.75
	57.4
	68.9
	88.0
	80.9

	3
	3.5
	0.86
	39.4
	47.6
	74.0
	68.4

	3
	3
	1
	19.8
	25.6
	49.6
	49.6


accrual=8 months, follow-up=14 months, 30 vs 60 patients, based on 1,000 simulations. HR, hazard ratio; TTP, time to progression.

Note that these probabilities are only to be regarded from an exploratory viewpoint and
cannot be considered as a justification for the chosen sample size. No adjustments for dropouts during the studies were performed in these calculations. The 95 randomized patients in the phase II portion did reach the target sample size.

Results
Patient Disposition and Characteristics
In the phase I portion, a total of 39 patients were recruited at National Taiwan University Hospital and National Cheng Kung University Hospital in Taiwan: 10 in group I and 29 in group II, all of whom received at least one dose of nintedanib. Twenty-eight additional patients were screened, but did not enter the study. Informed consent was provided by patients from October 19, 2009 until March 19, 2013. The median age for patients in group I was 50.5 years, all of whom were men; for patients in group II the median age was 61 years, 86.2% of whom were men. There was 1 patient in group I and 2 patients in group II who previously had received treatment with sorafenib. Supplementary Table S5 shows patient demographics and baseline disease characteristics for phase I. One patient in the 200-mg bid group in group II was still on treatment at the last data cut-off. Patient disposition is shown in supplementary Table S6. There were no protocol violations in group I; in group II, there were a total of 3 patients with at least 1 important protocol violation and 2 patients were also administered trial medication not in accordance with the protocol.
Determination of Maximum Tolerated Dose
There were no DLTs during the MTD determination period in group I; thus, the MTD was determined to be 200 mg bid. After the dose-escalation phase and determination of MTD, for group I a patient in the 150-mg bid group experienced a grade 3 ALT-increase DLT after the MTD evaluation period.
	One DLT was reported with 100 mg bid (grade 3 AST increase), and no DLT in the first 3 patients with 200 mg bid in group II. Three patients in the expansion cohort receiving 200 mg bid experienced a DLT during their first course (a case each of grade 3 fatigue, grade 3 hypokalaemia, and grade 3 hypertension). The MTD for group II was determined to be 200 mg bid.
	 In addition to the patients with DLTs during the MTD evaluation period, after this period for group II there were 4 patients who experienced the following DLTs: one patient in the 50-mg bid group who experienced haemorrhagic anaemia and gastrointestinal haemorrhage both of grade 4; one patient in the 150-mg bid group who experienced a grade 3 upper gastrointestinal haemorrhage; and two patients in the 200-mg bid group who experienced grade 3 hypertension and grade 4 gastric ulcer, respectively. 
Phase I Safety 
The most-common any-grade AEs (by system organ class) for group I consisted of gastrointestinal disorders and liver enzyme increases, experienced by 90% (80% of which was grade 1 or 2) and 60% of patients, respectively. For group II, the most common types of any-grade AEs (by system organ class) were gastrointestinal disorders (89.7%; 58.6% of which was grade 1 or 2), general disorders and administration site conditions (69%), metabolism and nutrition disorders (62.1%), and liver enzyme increases (55.2%). Class-related AEs occurred in both treatment groups and included 2 patients with grade 1, 1 with grade 2, and 3 with grade 3 hypertension, as well as 9 patients with grade 1 and 2 with grade 2 rash. There were no cases of palmar-plantar erythrodysesthesia.  
	No AEs led to dose reduction in group I, but 10/29 (34.5%) patients had such AEs in group II; for those grade ≥3, these were AST increase and asthenia in the 100-mg bid group; diarrhoea and upper gastrointestinal haemorrhage in the 150-mg bid group; and gastric haemorrhage, fatigue, AST increase, QT prolongation, hypokalaemia, and hypertension in the 200-mg bid group. AEs leading to treatment discontinuation occurred in 2/10 (20%) and 6/29 (20.7%) patients in group I and group II, respectively.
	In group I and group II, 30% and 62.1% of patients experienced serious AEs, respectively.  
	Grade ≥3 AEs of special interest occurring in all the dose groups for groups I and II are shown in supplementary Table S7. For group II, the most common grade ≥3 AEs of special interest was AST increases, which was experienced by 20.7% of patients. 
	There were no AEs leading to death in group I. In group II, 2 deaths were reported in the 100-mg bid group (both related to HCC progression) and 5 in the 200-mg bid group (4 related to HCC progression, 1 because of septic shock that was deemed not related to progressive disease). 
Efficacy
Phase II Exploratory Endpoints 
TTP according to mRECIST (exploratory endpoint) by CIR was 2.8 months (95% CI, 1.8–3.7) for nintedanib versus 3.7 months (95% CI, 1.9–7.4) for sorafenib; HR, 1.21 (95% CI, 0.73–2.01). TTP according to RECIST by investigator assessment was 2.8 months (95% CI, 1.8–3.7) for nintedanib versus 3.0 months (95% CI, 1.7–6.4) for sorafenib; HR, 1.39 (95% CI, 0.87–2.23).
	There were no relevant differences between the two groups in response by AFP (9 patients [14.3%] in the nintedanib group and 5 patients [15.6%] in the sorafenib group) and time to treatment failure (data not shown). In general, exploratory subgroup analyses of TTP by CIR suggest TTP to be similar between the treatment groups (data not shown; subgroups were small); subgroups included patients’ baseline MVI and EHS status individually (each present vs. absent) or combined (MVI, EHS, or both present vs. MVI and EHS absent) as well as baseline hypertension (absent vs. present).
Discussion for phase I part
	The phase I, open-label, uncontrolled, dose-escalation part of this study evaluated the tolerability of nintedanib in Asian patients with advanced HCC. The patients were divided into two groups according to their liver enzyme values and Child-Pugh score at baseline: group I had ALT and AST ≤2 times ULN and Child-Pugh score 5–6, whereas group II had ALT or AST >2 to ≤5 times ULN or Child-Pugh score 7. The MTD was determined to be 200 mg bid in both groups.
	Nintedanib was also well tolerated at the 200 mg bid in the phase II portion of the present study and in a comparable phase I/II study in mainly Caucasian patients. In the present study, AEs were generally mild or moderate in severity, and primarily gastrointestinal AEs, such as nausea, vomiting, abdominal pain, and diarrhoea, or involving liver enzyme elevations. This pattern was similar to the comparable phase I study conducted in mainly Caucasian patients, none of whom were Asian and 21.1% and 36.8% of whose liver disease was HBV and HCV related, respectively, in group II, compared to the Asian patients where 55.2% and 34.5% of liver disease was HBV and HCV related, respectively, in group II. 
	In group I, no DLTs occurred during the MTD period, whereas in group II, grade 3 AST increase was reported in the 100-mg bid group, as well as a case each of grade 3 fatigue, hypokalaemia, and hypertension in patients receiving 200-mg bid in the expansion cohort in group II. The main DLTs during the on-treatment period were liver enzyme elevations, with grade 3 increases reported in a patient each in group I and group II. Patients in group II reported higher frequencies of on-treatment grade 2 to 3 liver enzyme elevations, suggesting that there may be a dose threshold for liver toxicity, which needs to be appropriately monitored. Dose escalations up to 200 mg bid in both groups I and II showed that nintedanib-induced liver enzyme elevations are to be expected; however, this is manageable with appropriate monitoring and dose reductions. 
	Because nintedanib is metabolized and excreted via the liver [15], liver impairment due to liver disease may influence nintedanib PK. Therefore, a secondary objective of this study was to describe the effect of liver function assessed by ALT/AST plasma concentrations at study baseline and Child-Pugh classification (by allocation of patients to groups I or II) on the PK parameters of nintedanib and its metabolites, BIBF 1202 and BIBF 1202 glucuronide, in Asian patients with HCC. Exposure to nintedanib and its metabolites was, on average, higher in group II patients than in group I patients, but the range of individual values strongly overlapped. Nevertheless, a trend towards increased exposure depending on baseline ALT/AST levels was observed. 
	The effect of hepatic impairment on the PK of nintedanib was also to be investigated using Child-Pugh criteria for categorization. However, given the low number of patients in Child-Pugh category B available for analysis, no firm conclusions could be drawn on the comparison between the Child-Pugh categories. To increase the sample size for the comparisons between the patient categories, the effect of liver function on the PK of nintedanib was assessed based on dose-normalized steady state parameters. This was deemed appropriate, since it could not be rejected that nintedanib and its metabolites display linear PK throughout the investigated dose range.
	Compared with mainly Caucasian patients from the similarly designed European phase I study the PK data show a slightly higher exposure to nintedanib in Asian patients.
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