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blood cell, and lymphocyte count; hypophosphatemia) 
considered possibly related to study drug(s). The pharma-
cokinetic profile of galunisertib in combination with gem-
citabine was similar to that previously observed for galunis-
ertib alone. The clinical response [complete response (CR), 
partial response (PR), or stable disease] rate was 42.9%, 
and the median progression-free survival was 64 days; no 
CR/PR were achieved.
Conclusion  Galunisertib plus gemcitabine had an accept-
able safety/tolerability profile with evidence of efficacy in 
Japanese patients with advanced or metastatic pancreatic 
cancer.
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Pancreatic cancer · Pharmacokinetics · Phase 1b · Safety

Introduction

Pancreatic cancer is the fourth leading cause of cancer 
death in Japan, with approximately 32,000 Japanese people 
reported to have died from pancreatic cancer in 2014 [1]. 
The 5-year survival rate in patients with pancreatic cancer 
in Japan is 7.7% [2]. Regarding treatment, gemcitabine is 
recommended as a part of the first-line therapy for meta-
static pancreatic cancer [3–5]. However, despite attempts to 
improve treatment modalities, advanced or metastatic pan-
creatic cancer remains difficult to treat and, therefore, an 
unmet medical need exists for these patients.

Galunisertib (LY2157299 monohydrate), a small mol-
ecule inhibitor (SMI) of the type I transforming growth fac-
tor-beta receptor (TGF-β RI) serine/threonine kinase, is the 
first SMI to enter clinical development [6]. The safety and 
efficacy of galunisertib monotherapy in Caucasian and Japa-
nese patients has been previously assessed. In early-phase 
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clinical trials of primarily Caucasian patients with glioma 
or hepatocellular carcinoma, galunisertib had an acceptable 
safety profile and elicited antitumor effects [7, 8]. Further, 
a non-randomized, open-label, dose escalation study found 
that galunisertib was well tolerated and adverse events 
(AEs) were clinically manageable in Japanese patients with 
advanced solid tumors. Dose escalation was successfully 
achieved using 80 mg and 150 mg twice-daily (BID) doses 
of galunisertib in the absence of cardiovascular toxicities or 
other dose-limiting toxicities (DLTs) [9].

The pathophysiological role of TGF-β in various cancers 
and its identification as a potential tumor target in pancre-
atic cancer provides a rationale for investigating galunisertib 
in combination with gemcitabine [10, 11]. TGF-β cytokines 
regulate growth and differentiation of various cell types, 
and abnormal regulation of TGF-β receptors may result in 
pancreatic tumor progression [10]. In support of this, gal-
unisertib, a TGF-β receptor inhibitor, in combination with 
gemcitabine, significantly reduced tumor burden, prolonged 
survival, and reduced spontaneous abdominal metastases in 
a orthotopic murine model of metastatic pancreatic cancer 
[11]. Further, an inhibitor of the TGF-β receptor 2, which 
has shown potent antimetastatic activity in orthotopic human 
tumor xenografts, syngeneic tumors, and a genetic model of 
pancreatic cancer, resulted in a survival benefit [12].

Based on this non-clinical background, addition of gal-
unisertib is anticipated to enhance the antitumor activity 
of gemcitabine. Support for this expectation was found 
in a phase 1b study of Caucasian patients with advanced 
cancer, that revealed there were no DLTs, no clinically 
meaningful cardiotoxicities, and no influence in the phar-
macokinetic (PK) profile of galunisertib when galunisertib 
was administered at a dose of 300 mg/day (150 mg BID) 
in combination with gemcitabine 1000  mg/m2 [13, 14]. 
However, there is a lack of data on galunisertib in combi-
nation with gemcitabine in Japanese patient populations.

The primary objective of this study was to evaluate the 
safety and tolerability of galunisertib in combination with 
gemcitabine as assessed by DLTs in Japanese patients with 
advanced or metastatic pancreatic cancer. Secondary objec-
tives were to (1) assess the PK profile of galunisertib, gem-
citabine, and the deaminated metabolite of gemcitabine, 
2′,2′-difluorodeoxyuridine (dFdU), and (2) document any 
antitumor activity observed after administration of galuni-
sertib and gemcitabine.

Materials and methods

Study design

This was an open-label, multicenter, non-randomized, phase 
1b study of galunisertib administered in combination with 

gemcitabine to patients with advanced or metastatic pancre-
atic cancer. The study was conducted at 2 study centers in 
Japan between May 22, 2014 and July 2, 2015.

Written approval was provided by ethics review boards, 
and the study was conducted in accordance with international 
ethics guidelines, including the Declaration of Helsinki and 
the International Conference on Harmonisation Good Clini-
cal Practices Guideline [E6]. Informed consent was obtained 
from each patient before any protocol procedures or adminis-
tration of study drug. The trial was registered with Clinical-
Trials.gov (NCT02154646).

Study population

Regarding eligibility criteria, the key inclusion criterion was 
histological or cytological diagnosis of locally advanced or 
metastatic adenocarcinoma of the pancreas not amenable to 
resection with curative intent. Prior chemotherapy, radiother-
apy, cancer-related hormone therapy, or other investigational 
therapy was permitted. Patients with previous radical surgery 
for pancreatic cancer were eligible after documented pro-
gression; if these patients received chemoradiotherapy with 
gemcitabine or other commonly used cytotoxic agents in an 
adjuvant or neoadjuvant setting, they could be enrolled if the 
treatment was completed ≥2 weeks before study enrollment. 
Other inclusion criteria were measurable or non-measurable 
disease as defined by the Response Evaluation Criteria in 
Solid Tumors (RECIST version 1.1) [15], males or females 
at least 20 years of age, and Eastern Cooperative Oncology 
Group (ECOG) performance status (PS) score ≤1.

The main exclusion criteria were conditions related to 
moderate or severe cardiac disease (e.g., myocardial infarc-
tion within 6 months before study enrollment). Patients with 
predisposing conditions consistent with developing aneurysm 
of ascending aorta or aortic stress, as well as a history of car-
diac or aortic surgery, were also excluded. Finally, patients 
were excluded if they had significantly elevated brain natriu-
retic peptide or troponin I levels at screening.

Treatment plan

Study drug administration

During each 28-day cycle, galunisertib 150 mg was admin-
istered orally BID (300 mg/day) morning and evening for 
14 days, followed by 14 days of rest. This dose (300 mg/
day, 150 mg BID) for the Japanese population was selected 
based on safety, PK, and pharmacodynamic data from 
two previous studies [7, 9]. Gemcitabine was given as an 
intravenous infusion at a dose of 1000 mg/m2 over 30 min 
(maximum of approximately 60  min) on Days 8, 15, and 
22 of each cycle. The plan was to enroll 6 patients continu-
ously without waiting for DLT assessment in each patient. 
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Patients were evaluated for DLTs in the first cycle (Day 1 
to Day 28); if DLTs were observed in 2 patients, further 
enrollment was suspended until the ongoing patient(s) 
completed DLT evaluation. Further enrollment was contin-
ued if no other DLT was observed in the ongoing patient(s). 
Enrollment was to be stopped either when all 6 evaluable 
patients were enrolled or when 3 patients with DLTs were 
observed. Completed treatment cycles were those for which 
a patient received all of the study drug planned during the 
cycle.

Dose modifications

In terms of dose modification, it should be noted that no 
galunisertib dose reduction was allowed during Cycle 1. 
However, if a patient experienced a DLT-equivalent toxicity 
in Cycle 2 or beyond, the galunisertib dose was reduced to 
160 mg/day (80 mg BID), unless the patient was expected 
to receive a clinical benefit (in the opinion of the investiga-
tor) from continuing to take 300 mg/day; the patient contin-
ued to receive the reduced dose even after toxicity recovery. 
Patients who experienced a second DLT-equivalent toxicity 
discontinued unless they were expected to receive clinical 
benefit. Gemcitabine dose adjustments were based on the 
recommendation of the United States in-label use and dose 
reductions for gemcitabine when used as monotherapy.

Outcome measures

Safety

Safety was assessed by the incidence of DLTs, AEs [includ-
ing treatment-emergent AEs (TEAEs) and serious adverse 
events (SAEs)], laboratory tests, vital signs, and electrocar-
diogram (ECG) evaluations (QTc analysis were performed 
using Bazett’s [QTcB] and Fridericia’s [QTcF] correction 
methods [16]). AEs were summarized using the Common 
Terminology Criteria for Adverse Events (CTCAE, version 
4.03) and the Medical Dictionary for Regulatory Activities 
(MedDRA, version 18.1).

DLTs were defined as any of the following events that 
occurred during the first cycle (Day 1 to Day 28) and were 
considered by the investigator to be attributable to galuni-
sertib or the combination of galunisertib and gemcitabine: 
CTCAE Grade 4 thrombocytopenia (or Grade 3 throm-
bocytopenia with bleeding), febrile neutropenia, Grade 
4 neutropenia >7  days, Grade 4 anemia, and Grade ≥3 
non-hematological toxicity, except for (1) Grade 3 fatigue, 
skin rash, nausea, vomiting, constipation, or diarrhea con-
trolled with appropriate supportive care intervention; tran-
sient electrolyte abnormality; and transient hepatic enzyme 
elevation that can recover within 72  h with appropriate 
management, (2) transient (≤7 days) Grade 3 elevations of 

bilirubin in the setting of preexisting mechanical obstruc-
tion, and (3) transient (≤7 days) Grade 3 elevations of ala-
nine aminotransferase and/or aspartate aminotransferase, 
without evidence of other hepatic injury, in the setting of 
preexisting hepatic metastasis or stenting. Other events con-
sidered to be DLTs included: any other significant toxicity 
deemed to be dose-limiting, failure to recover sufficiently 
from galunisertib toxicities to allow restarting of treatment, 
suboptimal dosing (<80% of galunisertib 300  mg/day or 
less than 2 full doses of gemcitabine in Cycle 1) from study 
drug-related toxicity, and an actual number of gemcitabine 
administrations <3 due to toxicity.

Pharmacokinetics

The PK analyses were conducted on patients who received 
at least one dose of study drug and had PK samples col-
lected. The following PK parameters for galunisertib were 
computed by standard non-compartmental methods of 
analysis using Phoenix® WinNonlin (Certara, New Jer-
sey, USA): maximum plasma concentration (Cmax), time 
to maximum plasma concentration (tmax), area under the 
plasma concentration–time curve from time zero to speci-
fied time (AUC(0–t)), area under the plasma concentra-
tion–time curve from time zero to the last time point with 
a measurable plasma concentration (AUC(0−tlast)), area 
under the plasma concentration–time curve from time zero 
to infinity (AUC(0–∞)), elimination half-life (t1/2), apparent 
volume of distribution at steady state during the terminal 
phase (Vz,ss/F), and apparent total body clearance at steady 
state (CLss/F). AUC, Cmax, and t1/2 for gemcitabine and 
dFdU were calculated in the same manner. The total body 
clearance (CL) and volume of distribution at steady state 
(Vss) were also computed.

Efficacy

Efficacy was assessed by antitumor activity according 
to RECIST version 1.1 including best overall response, 
progression-free survival (PFS), duration of response, and 
bioanalytical assessment of carbohydrate antigen 19-9 
(CA19-9). Best overall response (tumor measurement per-
formed every 2 cycles) included complete response (CR), 
partial response (PR), and stable disease (SD). CR or PR 
were claimed only if the criteria for these were met at a 
subsequent time point (at least 4 weeks), whereas SD was 
claimed if measurements met SD criteria at least once and 
at least 6 weeks after the first dose of study drug. PFS was 
defined as the duration from the first dose of study drug 
to the first objective progression of disease or death from 
any cause, whichever was earlier. For a patient who was 
not known to have died or progressed by the data inclusion 
cutoff date, PFS time was censored at the last objective 
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progression-free disease assessment. Duration of response 
was assessed for patients who achieved CR or PR and was 
measured from the start of achieving response (first obser-
vation of response before confirmation) to the time of dis-
ease progression. CA19-9 was measured in a central lab-
oratory for patients who had a positive result for CA19-9 
at baseline (prestudy). CA19-9 value was positive when it 
exceeded the normal value of the testing laboratory.

Statistical analysis

The sample size was determined by the study design, as 
previously described, rather than based on a statistical 
power calculation.

DLT-related safety analyses were conducted, such that 
a patient was considered non-evaluable for DLTs if they 
received <80% of the galunisertib dose of 300 mg/day, or 
less than 2 full doses of gemcitabine in Cycle 1 for reasons 
other than study drug-related toxicity. Other safety analy-
ses and all efficacy analyses were conducted on all patients 
who received at least 1 dose of study drug. Patient dispo-
sition, demographics, and baseline disease characteristics 
were summarized for these patients.

Safety data were summarized by frequency (DLTs and 
AEs), or using summary statistics (laboratory tests and vital 
signs). Efficacy data were summarized by frequency or 
using summary statistics, depending on the characteristics 
of the data. The clinical response rate was the percentage 
of patients who experienced a best overall response of CR, 
PR, or SD. A waterfall plot of the best percentage change in 
tumor size and a line plot of percentage change from base-
line in tumor size was created. Percent change from base-
line in tumor size was calculated, where a decrease from 
baseline reflects better outcome.

Results

Patient disposition and extent to exposure

Of the 9 patients who entered the study, 2 patients failed 
to meet the entry criteria. All 7 enrolled patients received 
at least 1 dose of study drug. Of the 7 enrolled patients, 6 
patients were eligible for DLT-related safety analysis and 
all 7 patients were eligible for other safety assessments.

All 7 enrolled patients discontinued study treatment due 
to progressive disease. For galunisertib, the median number 
of maximum cycles per patient was 2 cycles (range 1–10 
cycles), and the median number of completed treatment 
cycles per patient was 2 cycles (range 0–6 cycles). For 
gemcitabine, the median number of maximum cycles per 
patient was 2 cycles (range 1–10 cycles), and the median 
number of completed treatment cycles per patient was 0 

cycles (range 0–3 cycles). The median (range) dose inten-
sity of galunisertib and gemcitabine was 85.7% (67.9–
100.0%) and 70.6% (49.2–80.7%), respectively.

Demographic and baseline clinical characteristics

All 7 enrolled patients were Japanese and had adenocarci-
noma of the pancreas (Union for International Cancer Con-
trol Stage II: 3 patients, 42.9%; Stage IV: 4 patients, 57.1% 
at initial diagnosis). The median age was 65 years (range 
51–73  years), and 5 of 7 patients (71.4%) were male. 
ECOG PS was 0 for 3 patients (42.9%) and 1 for 4 patients 
(57.1%). A total of 6 patients (85.7%) had undergone at 
least 1 prior therapy, including surgery (pancreaticoduo-
denectomy) of curative intent (n =  4) and prior systemic 
therapies (n = 5) (Table 1).

Safety evaluations

No patients reported DLTs during the study. All 7 enrolled 
patients reported ≥1 TEAE during the study, and all 
patients reported TEAEs that were considered possibly 
related to study drug(s). The most commonly reported AEs 
(all grades), regardless of relatedness to treatment, were 
anorexia (n = 6), fatigue (n = 5), nausea (n = 5), neutro-
phil count decreased (n = 5), anemia (n = 4), and platelet 
count decreased (n = 4). A total of 6 patients (85.7%) had 
TEAEs with a severity of Grade ≥3 (Table 2), of whom 4 
patients (57.1%) had Grade ≥  3 TEAEs considered pos-
sibly related to study drug(s) [neutrophil count decreased 
(n =  4), white blood cell decreased (n =  2), hypophos-
phatemia (n =  1), lymphocyte count decreased (n =  1)]. 
A total of 2 SAEs (Grade 3 cholecystitis and Grade 3 duo-
denal stenosis) were reported in 1 patient during the study; 
neither SAE was considered related to either study drug. 
No deaths or discontinuations due to AEs were reported 
during the study. Laboratory results reported as abnor-
mal were mostly Grade 1 or 2; the Grade 3 or 4 abnor-
mal laboratory values mostly related to decreased blood 
cell counts. Postbaseline vital signs showed no clear pat-
tern, and no patients met ICH criteria for abnormal ECGs 
(QTc interval >450 ms, QTc interval increases from base-
line >30  ms) [16]. Several patients had overall abnormal 
echocardiography findings, but most were also present at 
baseline and were not considered AEs.

Pharmacokinetic evaluations

All 7 patients who provided blood samples for PK evalu-
ation were included in the PK analysis. The PK profile 
of galunisertib was characterized by rapid absorption, 
with median tmax of approximately 2  h postdose (Fig.  1). 
At steady state, on Day 14 in Cycle 1, the mean t1/2 was 
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7.38  h. The mean CLss/F and Vz,ss/F at steady state were 
31.5 L/h and 335 L, respectively (Table 3). The PK profiles 
of gemcitabine and dFdU were similar to those reported 

in literature; the mean CL, and Vss of gemcitabine were 
87.2 L/h/m2 and 34.2 L/m2, respectively (Table 4).

Efficacy evaluations

A total of 6 patients had evaluable tumor responses: 3 
patients had SD as best overall response; 3 patients had 
progressive disease; and 1 patient was not evaluable. 
The clinical response (CR +  PR +  SD) rate was 42.9%. 
A waterfall plot of the best percentage change in tumor 
size is presented in Fig. 2. One patient, who had progres-
sive disease as the best overall response to treatment in a 
non-target lesion, was omitted from the analysis and figure 
because this patient did not have a target lesion for meas-
urement; therefore, no change from baseline in a target 
lesion could be represented. The median PFS was 64 days 
(range 22–316  days). Duration of response could not be 
assessed as no CR or PR was achieved as a best overall 
response to treatment.

All patients had high CA19-9 levels throughout the 
study, except for one patient who had normal levels at all 
testing time points. Postbaseline changes in serum CA19-9 
levels were variable and showed no clear pattern. Four of 7 
patients had nominal changes (i.e., stable levels) observed 
postbaseline, whereas the remaining 3 patients had vari-
able levels throughout the study, of which only 1 patient 
appeared to have a substantial increase from baseline.

Discussion

The results of this open-label, multicenter, non-randomized, 
phase 1b study suggest that galunisertib in combination 
with gemcitabine has a favorable safety and tolerability 
profile in Japanese patients with advanced or metastatic 
pancreatic cancer. Further, the PK profile of galunisertib in 
combination with gemcitabine was broadly similar to that 
of galunisertib administered alone in Japanese patients [9]. 
Approximately 40% of patients had a best overall response 
of SD, including 2 patients with a reduction in tumor size 
(Fig. 2); no patients reported a CR or PR. Clinically, these 
results suggest that the response of Japanese patients to 
galunisertib–gemcitabine combination chemotherapy is 
generally consistent with that previously noted in Japanese 
patients who received galunisertib monotherapy [9].

In the present study, TEAEs possibly related to galuni-
sertib were mostly mild or moderate in severity, and no 
DLTs were observed. These results are generally consist-
ent with those observed in Japanese patients who received 
galunisertib 300 mg/day (150 mg BID, n = 9) monother-
apy [9]. With regard to the observed lack of DLTs, this is 
also consistent with results seen in non-Japanese patients 
who received galunisertib 300  mg/day (150  mg BID, 

Table 1   Patient and disease characteristics

ECOG Eastern Cooperative Oncology Group, FAS full analysis set
a  Patients could have more than one type of prior therapy
b  Patient 1: oxaliplatin, levofolinate, irinotecan, fluorouracil; Patient 
2: oxaliplatin, levofolinate, irinotecan, fluorouracil; Patient 3: S-1, 
WT2725
c  Patient 3: gemcitabine; Patient 4: S-1; Patient 5: S-1

Characteristic Total (N = 7)

Male, n (%) 5 (71.4)

Age, years

 Median (range) 65.0 (51–73)

Body surface area (m2)

 Median (range) 1.51 (1.2–1.9)

Initial pathological diagnosis, n (%)

 Adenocarcinoma, Pancreas 7 (100.0)

ECOG performance status score, n (%)

 0 3 (42.9)

 1 4 (57.1)

Disease stage at initial diagnosis, n (%)

 Stage II 3 (42.9)

 Stage III 0 (0.0)

 Stage IV 4 (57.1)

Prior therapies, n (%)a 6 (85.7)

 Prior surgery: curative 4 (57.1)

 Prior systemic therapiesa 5 (71.4)

  Adjuvant-curative intent (Patients 1, 2, 3)b 3 (42.9)

  Adjuvant (Patients 3, 4, 5)c 3 (42.9)

Table 2   Treatment-emergent adverse events (regardless of causality) 
with at least one occurrence of a Grade 3 or greater adverse event by 
CTCAE term (FAS)

CTCAE common terminology criteria for adverse events, FAS, full 
analysis set, TEAE treatment-emergent adverse event
a  No patient experienced a Grade 5 event

CTCAE term Total (N = 7)

All grades n (%)a Grade 3–4 n (%)a

Patients with ≥1 TEAE 7 (100.0) 6 (85.7)

Anorexia 6 (85.7) 1 (14.3)

Neutrophil count decreased 5 (71.4) 4 (57.1)

White blood cell decreased 3 (42.9) 2 (28.6)

Cholecystitis 1 (14.3) 1 (14.3)

Duodenal stenosis 1 (14.3) 1 (14.3)

Hepatobiliary disorders 1 (14.3) 1 (14.3)

Hypophosphatemia 1 (14.3) 1 (14.3)

Lymphocyte count decreased 1 (14.3) 1 (14.3)
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Fig. 1   Arithmetic mean (+SD) plasma galunisertib concentration–time profiles on Cycle 1 Day 1, Day 8, and Day 14 following twice-daily oral 
doses of 150 mg galunisertib (top linear scale; bottom semi-logarithmic scale). Abbreviations: SD, standard deviation
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n  =  5) in combination with gemcitabine 1000  mg/m2 
[13]. In Japanese patients, the incidence of TEAEs in this 
study, especially those classified as Grade ≥3, appeared 

Table 3   Summary of 
galunisertib pharmacokinetic 
parameters on Cycle 1 Day 1, 
Day 8, and Day 14 following 
twice-daily oral doses of 
galunisertib 150 mg

AUC(0–∞) area under the plasma concentration–time curve from time zero to infinity, AUC(0−tlast ) area 
under the plasma concentration–time curve from time zero to last time point with a measurable plasma 
concentration, CLss/F apparent total body clearance at steady state, Cmax maximum observed plasma con-
centration, CV coefficient of variance, NC not calculated, t1/2 half-life associated with the terminal rate 
constant (lambda z) in non-compartmental analysis, tmax time of maximum observed plasma concentration, 
Vz,ss/F apparent volume of distribution at steady state during the terminal phase
a  One patient discontinued treatment on Cycle 1 Day 10 and, therefore, galunisertib PK data for Cycle 1 
Days 14 to 16 were not available for this patient
b  Median (range)
c  Geometric mean (range)
d  AUC(0−tlast) on Cycle 1 Day 1, Day 8, and Day 14 were reported as AUC(0–6), AUC(0–6), and AUC(0–48), 
respectively

Geometric mean (% CV)

Cycle 1 Day 1 (N = 7) Cycle 1 Day 8 (N = 7) Cycle 1 Day 14 (N = 6a)

Cmax (ng/mL) 766 (28) 1310 (47) 1010 (51)

tmax (h)b 2.07 (0.97–5.93) 2.00 (0.50–5.98) 2.09 (0.98–6.00)

t1/2 (h)c NC NC 7.38 (4.15–16.5)

AUC(0–6) (ng h/mL)d 2630 (26) 4460 (42) 3320 (38)

AUC(0–12) (ng h/mL) NC NC 4770 (30)

AUC(0–24) (ng h/mL) NC NC 5960 (34)

AUCd
(0–48) (ng h/mL) NC NC 6600 (38)

AUC(0–∞) (ng h/mL) NC NC 6850 (41)

CLss/F (L/h) NC NC 31.5 (30)

Vz,ss/F (L) NC NC 335 (75)

Table 4   Summary of gemcitabine and dFdU pharmacokinetic 
parameters following intravenous administration of gemcitabine 
1000 mg/m2 on Cycle 1 Day 8

AUC(0–∞) area under the plasma concentration-time curve from time 
zero to infinity, AUC(0−tlast ) area under the plasma concentration–time 
curve from time zero to last time point with a measurable plasma 
concentration, CL total body clearance, Cmax maximum observed 
plasma concentration, CV coefficient of variance, dFdU 2′,2′-dif-
luorodeoxyuridine, NC not calculated, t1/2 half-life associated with 
the terminal rate constant (lambda z) in non-compartmental analysis, 
tmax time of maximum observed plasma concentration, Vss volume of 
distribution at steady state
a  Median (range)
b  Geometric mean (range)
c  N = 5

Geometric mean (%CV)

Gemcitabine (N = 7) dFdU (N = 7)

Cmax (ng/mL) 24400 (13) 33300 (15)

tmax (h)a 0.50 (0.45–0.53) 0.50 (0.45–0.53)

t1/2 (min)b 17.2 (15.7–20.1)c 111 (81.1–180)

AUC(0−tlast) (ng h/mL) 11700 (11) 52600 (16)

AUC(0–∞) (ng h/mL) 11400 (6)c 93300 (33)

CL (L/h/m2) 87.2 (6)c NC

Vss (L/m2) 34.2 (9)c NC 1 2 3 4 5 6
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Fig. 2   Waterfall plot of the best percentage change from baseline in 
tumor size (FAS). FAS full analysis set, NE not evaluable, PD progres-
sive disease, SD stable disease. The number indicated above each bar is 
the number of cycles during which the patient received study treatment
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to be higher with combination therapy than with galunis-
ertib monotherapy, but TEAEs were considered manage-
able in both studies [9]. Further, from a review of a phase 
1 study of gemcitabine monotherapy in Japanese patients, 
it is possible that the most common Grade ≥3 TEAEs 
seen with galunisertib–gemcitabine combination therapy 
in the current study were related primarily to gemcitabine 
therapy. Whether the higher incidence of toxicity was a 
result of patient demographics (such as previous chemo-
therapy treatment) cannot be determined, given the small 
number of patients in this study. In addition, no new tox-
icities were observed in this study compared with previ-
ous studies [9, 13]. Laboratory tests, vital signs, ECGs, 
and echocardiography findings were variable and showed 
no clear patterns. Cardiac toxicity did not appear to be 
clinically significant in this study, with only 2 patients 
(28.6%) experiencing Grade 1 cardiac disorder AEs, nei-
ther of which were considered related to study drugs.

The PK profile of galunisertib in combination with gemcit-
abine, characterized by rapid absorption, was broadly similar 
to that of galunisertib administered alone in Japanese patients 
although the tmax after oral dosing with combination therapy 
was slightly longer (median of approximately 2  h) and the 
Cmax was slightly lower [9]. The PK of gemcitabine, when 
co-administered with galunisertib, was also similar to that of 
gemcitabine administered alone in a previous phase 1 study 
of patients with pancreatic cancer (Study B9E-JE-P11D).

The sample size of the present study was small, and 
antitumor activity was not a primary objective of the study. 
Therefore, it is difficult to make clear conclusions about the 
efficacy of galunisertib in combination with gemcitabine in 
Japanese patients from these results. Further, it should be 
noted that the best overall response achieved by any patient 
was SD. A larger study (n = 156) in non-Japanese patients 
with Stage II–IV unresectable pancreatic cancer concluded 
that combination therapy resulted in an improved OS and 
PFS [14]. Further investigation is required to clarify the 
efficacy of this combination chemotherapy in Japanese 
patients with metastatic pancreatic cancer.

The main strength of this study is the enrollment of 
patients within a single racial population and that the study 
objectives were met in this population of Japanese patients. 
The main limitation of this study is the small number of 
enrolled patients (inherent to phase 1 study designs), which 
limits the confidence in the conclusions that can be drawn 
from these results, especially those related to efficacy.

Conclusion

The overall safety findings of this phase 1b study of Japa-
nese patients with advanced or metastatic pancreatic can-
cer were consistent with the known safety profiles for 

galunisertib and gemcitabine, and can, therefore, be consid-
ered acceptable for this patient population. The PK profile 
of galunisertib in combination with gemcitabine was similar 
to the PK profile of galunisertib administered alone. Galuni-
sertib in combination with gemcitabine may be associated 
with some clinical response to treatment in this patient pop-
ulation. However, further investigation is required to fully 
assess the efficacy of this combination in Japanese patients 
with advanced or metastatic pancreatic cancer.
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