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ABSTRACT
Background We assessed the safety, efficacy, and 
pharmacokinetics of the transforming growth factor beta 
(TGFβ) receptor inhibitor galunisertib co- administered with 
the anti- programmed death- ligand 1 (PD- L1) antibody 
durvalumab in recurrent/refractory metastatic pancreatic 
cancer previously treated with ≤2 systemic regimens.
Methods This was a two- part, single- arm, multinational, 
phase Ib study. In a dose- finding phase, escalating oral 
doses of galunisertib were co- administered on days 1–14 
with fixed- dose intravenous durvalumab 1500 mg on day 
1 every 4 weeks (Q4W), followed by an expansion cohort 
phase.
Results The galunisertib recommended phase II dose 
(RP2D) when co- administered with durvalumab 1500 mg 
Q4W was 150 mg two times per day. No dose- limiting 
toxicities were recorded. Among 32 patients treated with 
galunisertib RP2D, 1 patient had partial response, 7 had 
stable disease, 15 had objective progressive disease, and 
9 were not evaluable. Disease control rate was 25.0%. 
Median overall survival and progression- free survival were 
5.72 months (95% CI: 4.01 to 8.38) and 1.87 months (95% 
CI: 1.58 to 3.09), respectively. Pharmacokinetic profiles for 
combination therapy were comparable to those published 
for each drug. There was no association between potential 
biomarkers and treatment outcomes.
Conclusion Galunisertib 150 mg two times per day 
co- administered with durvalumab 1500 mg Q4W was 
tolerable. Clinical activity was limited. Studying this 
combination in patients in an earlier line of treatment or 
selected for predictive biomarkers of TGFβ inhibition might 
be a more suitable approach.
Trial registration number  ClinicalTrials. gov identifier: 
NCT02734160.

BACKGROUND
Pancreatic cancer is one of the most lethal 
and poorly understood human malignancies. 
Nearly half a million people per year are diag-
nosed worldwide with pancreatic cancer, and 
approximately the same number die of this 

disease.1 2 As such, pancreatic cancer has been 
identified as a cancer of significant unmet 
need.3 The reasons why pancreatic cancer is 
difficult to treat are numerous but include: 
the stromalized nature of the tumor, causing 
an immunosuppressive microenvironment; 
the location of the tumor; and difficulties in 
achieving adequate drug delivery.4 5

The largest effort of integrated genomic 
analysis in understanding the molecular basis 
of pancreatic cancer has recently confirmed 
the transforming growth factor beta (TGFβ) 
to be a commonly dysregulated signal trans-
duction pathway in this disease.6 The TGFβ 
signaling pathway has one of the most essen-
tial, but also complex and controversial, roles 
in cancer. TGFβ maintains homeostasis in 
normal tissue; however, cancer cells, being 
genetically unstable entities, have the capacity 
to corrupt the suppressive influence of TGFβ 
on tumors. Thus, dysregulation of TGFβ 
signaling promotes tumor growth, metastasis, 
and immune suppression.7 8

To date, immune checkpoint inhibi-
tors—the monoclonal antibodies blocking 
cytotoxic T- lymphocyte- associated protein 
4, programmed cell death protein-1 (PD-1), 
or programmed death- ligand 1 (PD- L1) that 
induce a CD8+ T- cell- dependent tumor regres-
sion in several neoplastic diseases9—have 
largely been ineffective in pancreatic 
cancer.10 11 An exception is a small subtype of 
patients with microsatellite instability- high/
deficient mismatch repair (MSI- H/dMMR) 
tumors.12–14

Pancreatic cancer is characterized by a 
highly immunosuppressive tumor micro-
environment that can actively suppress the 
functions of immune cells through a number 
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of mechanisms, including overexpression of PD- L1 
and secretion of immunosuppressive factors, such as 
TGFβ.15–17 High levels of TGFβ create an immunosup-
pressive milieu, which inhibits anti- tumor immunity by 
suppressing or altering activation, maturation, and differ-
entiation of both innate and adaptive immune cells.18 To 
increase the sensitivity of pancreatic tumors to immune 
checkpoint inhibitors, it may therefore be necessary to 
overcome the immunosuppressive tumor microenviron-
ment sustained by TGFβ.19 20

Galunisertib is an oral small- molecule inhibitor of the 
type I TGFβ receptor (TGFβ-RI) that specifically down-
regulates SMAD2 phosphorylation, abrogating activation 
of the TGFβ canonical pathway.21 A phase Ib/random-
ized phase II study (JBAJ) of galunisertib in combina-
tion with gemcitabine showed improved overall survival 
(OS) versus gemcitabine monotherapy in patients with 
unresectable pancreatic cancer.22 Exposure- response 
(defined as OS) analyses23 concluded that there was a 
flat daily exposure–OS relationship within the observed 
exposure range, once all significant baseline covariates 
were included. These published analyses suggested that 
300 mg/day galunisertib administered as 150 mg two 
times per day for 14 days on/14 days off treatment was an 
appropriate dosing regimen for patients with pancreatic 
cancer.

Previous preclinical research on galunisertib in pancre-
atic cancer found that selective TGFβ inhibition in CD8+ 
T cells led to regression of neoplastic disease, but systemic 
blockade of TGFβ signaling failed to promote cytotox-
icity due to compensatory upregulation of PD- L1 on the 
tumor cell.24 Dual targeting of TGFβ and PD- L1 receptors 
promoted T- cell- mediated clearance of pancreatic adeno-
carcinoma.24 25 On the basis of these findings, the combi-
nation of TGFβ and PD- L1 inhibition has the potential 
to act synergistically to induce immune restoration and 
improve anti- tumor responses in pancreatic cancer.

The purpose of this phase Ib study was to assess the 
safety, efficacy, and pharmacokinetics (PK) of galunisertib 
when combined with durvalumab, a human G1 immuno-
globulin monoclonal antibody that blocks the interaction 
of PD- L1 with PD-1 in patients with recurrent or refrac-
tory metastatic pancreatic cancer. We also explored the 
relationship between potential biomarkers and treatment 
outcomes.

METHODS
Study design and patients
This single- arm, multicenter, phase Ib study had a dose- 
finding phase (Part A) followed by an expansion cohort 
phase (Part B) (online supplemental figure S1). The 
study was conducted at 11 sites in France, Italy, Republic 
of Korea, Spain, and the USA. Patients were not involved 
in the design or conduct of this research.

Eligibility criteria included histologically or cytologically 
confirmed recurrent or refractory metastatic pancreatic 
adenocarcinoma, age ≥18 years, an Eastern Cooperative 

Oncology Group (ECOG) performance status ≤1, and 
≤2 prior systemic regimens for locally advanced or meta-
static pancreatic adenocarcinoma, which had to include 
one of the following: FOLFIRINOX, nab- paclitaxel/
gemcitabine, TS-1 (tegafur- gimeracil- oteracil potassium), 
irinotecan/fluorouracil/leucovorin, or single- agent 
gemcitabine. Adjuvant lines of therapy were excluded. 
A current tumor biopsy or archived tumor tissue <3 
years prior to enrollment for biomarker analysis was also 
required.

Key exclusion criteria were moderate or severe cardio-
vascular disease, or evidence of interstitial lung disease 
that was symptomatic or may have interfered with the 
detection or management of suspected drug- related 
pulmonary toxicity or active, non- infectious pneumonitis. 
Patients could not have been on immunosuppressive 
steroids or have autoimmune disease.

Treatments
Part A followed a modified 3+3 design in which patients 
were treated in sequential cohorts of escalating oral doses 
of galunisertib 50 mg one time per day (Cohort 1), 50 
mg two times per day (Cohort 2), 80 mg two times per 
day (Cohort 3), or 150 mg two times per day on days 
1–14 (Cohort 4). Galunisertib was self- administered in 
combination with a fixed dose of durvalumab 1500 mg 
delivered as an intravenous infusion over 60 min on 
day 1 every 4 weeks (Q4W). The criteria for dose esca-
lation were based on dose- limiting toxicity (DLT) over 
28 days or up to the completion of cycle 1. If no DLTs 
were observed in Cohort 1, three patients were treated at 
the higher- dose level (online supplemental figure S1). If 
one of the three patients experienced a DLT, the cohort 
would be expanded to six patients. Dose escalation could 
proceed if no further DLTs were observed. The maximum 
tolerated dose (MTD) was defined as the highest tested 
dose that had <33% probability of causing a DLT (ie, DLT 
in <2 of six patients). If the MTD was not identified, the 
recommended phase II dose (RP2D) of galunisertib was 
defined as the maximum study dose.

In Part B, the recommended galunisertib dose from 
Part A was given on days 1–14 of a ‘14 days on/14 days 
off’ treatment cycle in combination with a fixed dose of 
durvalumab 1500 mg delivered as an intravenous infusion 
over 60 min on day 1 Q4W. Patients were treated until 
progressive disease, unacceptable toxicity, protocol non- 
compliance, or withdrawal of consent. If a patient expe-
rienced an adverse event (AE) that required the patient 
to be discontinued from one study drug, the patient was 
discontinued from both drugs.

Objectives
The primary objective of Part A was to determine the 
MTD/RP2D of orally dosed galunisertib in combination 
with durvalumab, as measured by the number of patients 
with DLT in cycle 1. The primary objective of Part B was 
to evaluate the safety of galunisertib in combination with 
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durvalumab in patients with metastatic pancreatic cancer 
at the RP2D.

Secondary objectives were to characterize the PK of 
galunisertib and durvalumab when co- administered and 
to characterize the immunogenicity of durvalumab when 
administered in combination with galunisertib. Addi-
tional secondary objectives were to assess the prelimi-
nary anti- tumor activity of the treatment combination by 
progression- free survival (PFS), OS, objective response 
rate (ORR), duration of response, disease control rate 
(DCR), and time to response. An exploratory objective 
was to examine biomarkers, which included pharmaco-
dynamic markers and markers relevant to galunisertib, 
durvalumab, immune cells/immune functioning, other 
immune pathways, PD- L1 expression, and the advanced 
disease state, and to correlate these markers to clinical 
outcome.

Assessments
DLT was defined as one of the following AEs possibly 
related to either study drug during cycle 1: grade 4 hema-
tological AEs (febrile neutropenia of any grade), grade 
3 or grade 4 immune- related AEs (irAEs), or any grade 
3 or grade 4 non- hematological AEs. Non- hematological 
toxicity must have resolved to grade 0, 1, or baseline 
level before treatment was resumed (with the exception 
of alopecia, fatigue, skin rash, constipation, electrolyte 
disturbances, and diarrhea), or grade 3 nausea, vomiting, 
or anorexia that could be controlled with treatment. 
Treatment- related failure to administer ≥75% of the 
planned total dose or delay in galunisertib administra-
tion >2 weeks because of any treatment- related toxicity 
was also considered a DLT. A full listing of DLT criteria 
and assessment details for AEs is available in the online 
supplemental material.

The pharmacokinetics of galunisertib were assessed in 
venous blood samples collected on day 1 (pre- dose and 
between 0.5 and 3 hours) and day 14 (pre- dose, between 
0.5 and 2 hours, between 3.5 and 5 hours, and 24 hours 
post- dose) in cycles 1 and 2, followed by pre- dose samples 
in cycles 3, 4, and 7. Details on the pharmacokinetic 
methods used are provided in the online supplemental 
material and have been previously published.26 27

Tumor response was assessed radiographically according 
to Response Evaluation Criteria in Solid Tumours V.1.1. 
Disease assessment with CT and/or MRI, as appropriate, 
was performed at baseline and every 8 weeks until disease 
progression or until patients withdrew from the study. 
The assessment of biomarkers is described in the online 
supplemental material.

Statistical analyses
Approximately 12–24 patients were required to partici-
pate in the dose escalations and ≥28 were to be treated 
at the RP2D in Part B (≥3 in the dose escalation cohort 
and approximately 25 in the expansion cohort). All 
patients who received ≥1 dose of either galunisertib or 
durvalumab were evaluated for safety (safety population). 

For the purpose of this article, irAEs were analyzed post 
hoc and were defined as events considered to be related 
to treatment by the investigator that were treated with 
corticosteroids.

All patients who received ≥1 dose of either galunisertib 
or durvalumab at the RP2D of galunisertib in the dose 
escalation and expansion phases were combined for effi-
cacy analyses (combined RP2D cohort). Statistical details 
for the efficacy endpoints, including censoring rules, are 
available in the online supplemental material.

Logistic regression analysis or Cox regression was 
performed to test the association between ‘clinical 
benefit’ and potential biomarkers (using the median 
value as the cut- off to dichotomize data as low vs high). 
For the purpose of the biomarker analysis, any patient 
who had a confirmed complete response, partial response 
(PR), or stable disease for ≥3 months was considered as 
having derived a clinical benefit from study treatment. 
Sixty biomarkers were evaluated in 32 patients. Multi-
plicity adjustment (Holm’s method) was applied. P values 
from a likelihood ratio test were obtained from logistic 
or Cox regression of clinical benefit as a function of a 
dichotomized marker. In the case of missing biomarker 
data for any patient, the patient was excluded from the 
relevant analysis.

RESULTS
Patients
Between August 2016 and April 2018, 79 patients were 
enrolled in the study. Forty- two (53.2%) patients received 
study treatment; 28 (35.4%) patients were screen failures 
and did not receive study treatment, 4 patients withdrew 
consent, 4 did not participate owing to physician decision, 
and 1 experienced an AE that prevented participation. 
All 42 (53.2%) patients who received ≥1 dose of study 
drug discontinued study treatment. The primary reason 
for study discontinuation was progressive disease (35 
(83.3%)). Three patients died during treatment (due to 
progressive disease; unrelated to treatment), two patients 
discontinued due to AEs, and one patient each discon-
tinued due to protocol deviation and physician decision.

Of the 42 patients treated, the majority were women, 
<65 years of age, and white. Most had ≥1 previous surgery 
and two prior systemic therapies for pancreatic cancer in 
the advanced or metastatic setting (table 1).

Safety
The median durations of treatment with galunisertib 
ranged from 35 to 77 days, and from 47 to 91 days with 
durvalumab, across Cohorts 1–4. The study completed 
without observation of DLTs, and the combination of 
galunisertib 150 mg two times per day with durvalumab 
1500 mg Q4W was considered tolerable. The majority of 
patients (41 (97.6%)) experienced treatment- emergent 
AEs. Overall, grade ≥3 treatment- emergent AEs occurred 
in 29 (69.0%) patients; only one of these was a grade 5 
event (online supplemental table 1).
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Twenty patients (47.6%) experienced treatment- 
related AEs (TRAEs), none of which were grade 5. The 
most common TRAEs were diarrhea (14.3%, all grade 
≤2), fatigue (14.3%, all grade ≤2), elevated aspartate 
aminotransferase (AST; 11.9% (7.1% grade ≤2, 4.8% 
grade ≥3)), and elevated alanine aminotransferase (ALT; 

11.9% (9.5% grade ≤2, 2.4% grade ≥3)). All other TRAEs 
occurred in ≤10% of patients (table 2). Four patients had 
immune- related TRAEs; these were diarrhea (n=2; grades 
1 and 2), pneumonitis (n=1, grade 2), and elevated ALT 
(n=1, grades 1 and 2). None of the treatment- related 
irAEs were considered serious.

Table 2 TRAEs in ≥5% of patients*

TRAE, n (%)†

Galunisertib 50 
mg one time per 
day+durvalumab 
1500 mg Q4W n=3

Galunisertib 50 
mg two times per 
day+durvalumab 
1500 mg Q4W n=4

Galunisertib 80 
mg two times per 
day+durvalumab 
1500 mg Q4W n=3

Galunisertib 150 
mg two times per 
day+durvalumab 
1500 mg Q4W n=32

Total
N=42

All 
grades

Grade 
3/4

All 
grades

Grade 
3/4

All 
grades

Grade 
3/4

All 
grades

Grade 
3/4

All 
grades

Grade 
3/4

≥1 TRAE 2 (66.7) 0 2 (50.0) 0 3 (100) 0 13 (40.6) 5 (15.6) 20 (47.6) 5 (11.9)

Diarrhea 0 0 0 0 1 (33.3) 0 5 (15.6) 0 6 (14.3) 0

Fatigue 0 0 0 0 2 (66.7) 0 4 (12.5) 0 6 (14.3) 0

Elevated AST 0 0 0 0 1 (33.3) 0 4 (12.5) 2 (6.3) 5 (11.9) 2 (4.8)

Elevated ALT 0 0 0 0 1 (33.3) 0 4 (12.5) 1 (3.1) 5 (11.9) 1 (2.4)

Nausea 0 0 1 (25.0) 0 0 0 3 (9.4) 0 4 (9.5) 0

Vomiting 0 0 0 0 1 (33.3) 0 3 (9.4) 0 4 (9.5) 0

Pruritus 0 0 0 0 0 0 3 (9.4) 0 3 (7.1) 0

Arthralgia 0 0 0 0 0 0 3 (9.4) 0 3 (7.1) 0

*Includes all grade 1–4 TRAEs in the total population (N=42); patients may have had ≥1 TRAE.
†No grade 5 TRAEs occurred.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; Q4W, every 4 weeks; TRAE, treatment- related adverse event.

Table 1 Baseline demographics and treatment history

Galunisertib 50 
mg one time per 
day+durvalumab 
1500 mg Q4W n=3

Galunisertib 50 
mg two times per 
day+durvalumab 
1500 mg Q4W n=4

Galunisertib 80 
mg two times per 
day+durvalumab 
1500 mg Q4W n=3

Galunisertib 150 
mg two times per 
day+durvalumab 
1500 mg Q4W 
n=32

Total
N=42

Male sex, n (%) 1 (33.3) 2 (50.0) 0 14 (43.8) 17 (40.5)

Age in years, median (range) 54 (45–76) 59 (51–63) 50 (39–71) 58 (38–81) 57 (38–81)

  <65, n (%) 2 (66.7) 4 (100) 2 (66.7) 26 (81.3) 34 (81.0)

  ≥65, n (%) 1 (33.3) 0 1 (33.3) 6 (18.8) 8 (19.0)

Race, n (%)

  White 3 (100) 4 (100) 0 24 (75.0) 31 (73.8)

  Asian 0 0 2 (66.6) 4 (12.5) 6 (14.3)

  Missing* 0 0 1 (33.3) 4 (12.5) 5 (11.9)

Prior surgery, n (%) 1 (33.3) 2 (50.0) 2 (66.7) 19 (59.4) 24 (57.1)

Prior radiotherapy, n (%) 1 (33.3) 1 (25.0) 2 (66.7) 4 (12.5) 8 (19.0)

  Adjuvant 0 0 1 (33.3) 1 (3.1) 2 (4.8)

  Advanced or metastatic 0 0 1 (33.3) 2 (6.3) 3 (7.1)

  Neoadjuvant 1 (33.3) 1 (25.0) 0 1 (3.1) 3 (7.1)

Prior systemic therapy in the 
advanced setting, median

  One prior regimen, n (%) 1 (33.3) 1 (25.0) 1 (33.3) 9 (28.1) 12 (28.6)

  Two prior regimens, n (%) 2 (66.7) 3 (75.0) 2 (66.7) 21 (65.6) 28 (66.7)

*Racial data were not collected in France.
Q4W, every 4 weeks.
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Five of 32 patients (15.6%) in the galunisertib 150 mg 
two times per day group experienced a total of 10 grade 
3 or grade 4 TRAEs. Of laboratory abnormalities, one 
patient had grade 3 elevated ALT and grade 3 AST (both 
also considered serious TRAEs), one patient had grade 3 
elevated AST and two events of elevated gamma- glutamyl 
transferase (one grade 3 and one grade 4 event), and one 
had grade 3 elevated alkaline phosphatase and grade 3 
elevated gamma- glutamyl transferase. Of the hemato-
logical events,one patient had grade 3 neutropenia and 
another had grade 3 anemia and grade 3 decreased 
lymphocyte count.

Two of 32 patients (6.3%) in the galunisertib 150 mg two 
times per day group discontinued study treatment prema-
turely due to AEs (treatment- related grade 2 arthralgia 
(n=1), treatment- unrelated pulmonary embolism (n=1)). 
A total of 31 of 42 (73.8%) patients died during the study. 
Of these, 11 (26.2%) died on therapy (n=3) or within 30 
days of discontinuation (n=8), and 20 (47.6%) died after 
30 days of treatment discontinuation. All deaths were due 
to progressive disease.

Pharmacokinetics
Following galunisertib administration at 50, 80, and 150 
mg two times per day, the mean plasma concentration 
versus time profiles reached maximum concentration 
within 4 hours, with similar elimination rates across all 
doses (online supplemental figure S2). There was an 
increase in maximum concentration and exposure with 
dose increase across the cohorts (table 3). No anti- drug 
antibodies against durvalumab were detected in this study.

Efficacy outcomes
Among the 32 patients in the combined RP2D cohort, 
the confirmed ORR was 3.1% (n=1). One patient in 

the combined RP2D cohort had PR, 7 patients had 
stable disease, and 15 had objective progressive disease. 
Nine patients were not evaluable, largely because 
several patients experienced early symptomatic dete-
rioration and discontinued due to progressive disease 
before the first post- baseline tumor assessment was 
performed; thus, these cases were not classified as 
objective progressive disease. The DCR was 25.0% ( 
online supplemental table 2). Five patients had reduc-
tions in tumor size (figure 1). The time to response for 
the one patient who showed a PR was 15.4 weeks, and the 
duration of response was 25.0 weeks (figure 2).

Median OS was 5.72 months in the galunisertib 150 mg 
group (95% CI: 4.01 to 8.38) (figure 3A). Eight patients 
were alive at data cut- off date (25.0%; figure 2). Median 
(95% CI) OS was 11.23 (1.31 to 13.54) months in patients 
who had received one prior therapy and 5.03 (3.12 to 
6.90) months in patients with ≥2 prior therapies. The 
median PFS in the galunisertib 150 mg group was 1.87 
months (95% CI: 1.58 to 3.09) (figure 3B). Median (95% 
CI) PFS was 1.58 (0.82 to 3.61) months in patients who 
had received one prior therapy and 1.89 (1.71 to 3.52) 
months in patients with ≥2 prior therapies.

Biomarkers
PD- L1 immunohistochemistry scores evaluated as 
percentage of tumor cells at baseline with positive PD- L1 
membrane staining were measured for 25 of 32 tumor 
samples from patients in the combined RP2D cohort. 
There was no statistically significant association between 
PD- L1 immunohistochemistry scores and clinical benefit 
as defined in this study.

Next- generation sequencing of 404 cancer- associated 
genes was performed on the subset of tumor samples 

Table 3 Steady- state galunisertib pharmacokinetic parameters following multiple doses

Galunisertib 50 
mg one time per 
day+durvalumab 
1500 mg Q4W

Galunisertib 50 
mg two times per 
day+durvalumab 
1500 mg Q4W

Galunisertib 80 
mg two times per 
day+durvalumab 
1500 mg Q4W

Galunisertib 150 
mg two times per 
day+durvalumab 
1500 mg Q4W

Patients per cohort 3 4 3 32

PK- evaluable patients* 3 2 3 25

PK profiles 6 3 6 38

Cycle 1 profiles 3 2 3 24

Cycle 2 profiles 3 1 3 14

tmax, hours, median (range) 0.6 (0.5–3.9) 0.5 (0.5–0.9) 3.8 (0.5–4.0) 2.7 (0.5–4.0)

Cmax, µmol/L 424 (70) 260† (71) 612 (39) 1070 (83)

AUC(0- tau), µg·h/L 1630 (32)
(tau=24 hours)

813 (68)
(tau=12 hours)

3150 (63)
(tau=12 hours)

6120 (58)
(tau=12 hours)

All PK parameters at steady state are geometric mean (CV %) unless stated otherwise.
*Patients with ≥1 profile of day 14 pre- dose sample, two post- dose samples, and 1 day 15 pre- dose (24- hour) sample.
†Should be interpreted with caution due to limited data (n=3). There is overlap between the observed Cmax ranges following galunisertib 50 mg 
one time per day and 50 mg two times per day administration (see online supplemental figure S2).
AUC(0- tau), area under the concentration versus time curve for the dosing interval; Cmax, maximum observed concentration; CV, coefficient of 
variation; PK, pharmacokinetics; Q4W, every 4 weeks; tmax, time of maximum observed concentration.
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with sufficient tissue (n=20, representing different galuni-
sertib dose levels) (online supplemental table 3). As 
expected, the KRAS, TP53, CDKN2A, and SMAD4 genes 
had the greatest prevalence of genetic variants. Addition-
ally, five (25.0%) tumors had ARID1A genetic variants. 
The clinical response and genetic data were too limited 
to observe any associations. Interestingly, tumors of the 
three patients with longest PFS and genetic data demon-
strated a KRAS wild- type status.

No significant association between baseline serum 
proteins (n=73) and clinical benefit was detected after 
adjusting for multiplicity. However, we report the top 
five proteins each having p values of 0.02 or less: fibrin-
ogen, interleukin-6, latency- associated peptide of TGFβ 1, 
interleukin-8, and interferon gamma- induced protein 10 
(IP-10) (online supplemental table 4).

DISCUSSION
To our knowledge, this is the first study to evaluate the 
combination treatment of an immune checkpoint inhib-
itor plus an inhibitor of TGFβ-RI in patients with pancre-
atic cancer. In this phase 1b study, no DLTs were observed, 
establishing galunisertib 150 mg two times per day plus 
durvalumab 1500 mg Q4W as the RP2D. No new safety 
issues were identified with galunisertib and durvalumab 

relative to either drug given as monotherapy, suggesting 
that this combination has an acceptable tolerability and 
safety profile.

The most common TRAEs observed with durvalumab 
monotherapy have previously been reported as fatigue, 
diarrhea, pruritus, and hypothyroidism.28 When 
durvalumab was combined with galunisertib, no increase 
in the frequency of these events was observed. In a previous 
study of galunisertib (300 mg/day) monotherapy, the 
most common TRAEs were nausea, fatigue, and hema-
tological AEs.29 The combination of galunisertib with 
durvalumab in this study did not appear to increase the 
frequency of these events, and only 9.5% of patients had 
irAEs. In addition, cardiotoxicity, which can be associated 
with TGFβ modulation in preclinical models,27 30 was not 
observed.

Owing to the non- monitorable cardiac toxicity observed 
in preclinical species,27 an exposure threshold of 300 mg/
day (administered as 150 mg two times per day) was deter-
mined for galunisertib using a PK/pharmacodynamic 
model.26 A dose of galunisertib 300 mg/day administered 
as 150 mg two times per day for 14 days on/14 days off 
treatment has been established in a phase II study as an 
appropriate dosing regimen for patients with pancreatic 
cancer.22 23 Galunisertib concentrations from this study 

Figure 1 Best response by patient based on change in tumor size. All treated patients with best overall response (n=33). 
Blue number=percentage of tumor cells at baseline with positive PD- L1 membrane staining. Dashed lines at –30% and 20% 
represent the thresholds for SD; neither an increase in size of more than 20% nor a decrease in size of more than 30% since the 
initial baseline measurement. BID, two times per day; PD, progressive disease; PD- L1, programmed death- ligand 1; PR, partial 
response; QD, one time per day; SD, stable disease.
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were comparable with all observed concentration data 
from galunisertib completed trials,22 29 where the preclin-
ically defined exposure threshold, sufficient in vivo target 
inhibition of pSMAD26 and flat exposure–OS relation-
ship23 were achieved within the observed exposure range, 
following 150 mg two times per day dosing. These obser-
vations suggest that galunisertib concentrations are not 
affected by co- administration with durvalumab and that 
galunisertib dose could probably not be further increased 
without violating the toxicity defined exposure threshold. 
Durvalumab immunogenicity was not observed in this 
study, and likely did not contribute to the observed lack 
of efficacy. Durvalumab PK in this study were similar to 
previously reported concentrations.31

In this study, galunisertib in combination with 
durvalumab demonstrated a DCR of 25.0% and a 
confirmed ORR of 3.1%. We did not include any mono-
therapy arms in this study for determining contributions 
of each component, as checkpoint inhibitor treatment 
in pancreatic cancer has shown minimal response in 
previous studies. Based on the previously discussed 
preclinical data, we did not expect single- agent TGFβ 
inhibition to be adequate to generate a response due to 
tumor PD- L1 upregulation. However, the activity of this 
combination was similar to that observed in other recent 

studies in populations of patients treated with different 
combination strategies, including immune checkpoint 
inhibitors, following failure of gemcitabine- based chemo-
therapy.32–34 In a recent phase II randomized clinical trial 
of durvalumab with or without tremelimumab as second- 
line treatment for patients with metastatic pancreatic 
cancer, the ORR was 3.1% for patients receiving combina-
tion therapy and 0% for patients receiving monotherapy.32 
In a phase II, multicenter, open- label, randomized clinical 
trial evaluating the Bruton tyrosine kinase inhibitor acal-
abrutinib as single- agent or with pembrolizumab in highly 
pre- treated patients with advanced pancreatic cancer, the 
ORR and DCR were 0% and 14.3% with monotherapy 
and 7.9% and 21.1% with combination therapy, respec-
tively.33 A phase Ib single- arm study enrolled patients with 
pancreatic cancer who progressed after first- line treat-
ment to receive pembrolizumab in combination with the 
oncolytic virus pelareorep and one chemotherapeutic 
agent among 5- fluorouracil, gemcitabine, or irinotecan. 
Even when including a registered chemotherapeutic 
agent, this combination strategy achieved an ORR of 9% 
and a DCR of 27%.34

This study also represents a large effort in exploring 
novel potential biomarkers. Consistent with previous 
studies in pancreatic cancer, tumor membrane PD- L1 
expression was not associated with treatment response 
or PFS.10 Next- generation sequencing showed that a high 
proportion (25.0%) of samples analyzed lacked a KRAS 
mutation, indicating alternative genetic drivers for those 
tumors.35 Interestingly, three of the five samples with 
genetic data that lacked KRAS mutation were associated 
with longer PFS. KRAS mutation is a known negative 
prognostic factor in pancreatic cancer and may explain 

Figure 2 Association between PD- L1 expression and 
clinical benefit. For the purpose of the biomarker analysis, 
any patient who had a CR, PR, or SD for ≥3 months was 
considered as having derived clinical benefit from study 
treatment. CR, complete response; NE, non- evaluable; PD, 
progressive disease; PD- L1, programmed death- ligand 1; PR, 
partial response; SD, stable disease.

Figure 3 (A) Overall survival and (B) progression- free 
survival in the galunisertib 150 mg BID + durvalumab 1500 
mg Q4W group. BID, two times a day; Q4W, every 4 weeks.
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the longer PFS observed independent of any treatment 
effect.36 MSI- H/dMMR status has been proposed as a 
more robust predictive biomarker of immunotherapy 
efficacy than PD- L1 in pancreatic cancer.37 38 However, 
the one patient with a PR here had no known/likely 
functional mutations detected and only 14 mutations of 
unknown significance. The patient is therefore unlikely 
to be MSI- H because, on average, 11.5 mutations (known, 
likely functional, and unknown significance) were 
detected for all 20 tumor samples).

Patients were also not selected on the basis of the most 
promising circulating biomarkers for TGFβ inhibition, 
giving rise to a more heterogeneous population. In the 
previous randomized JBAJ study in patients with newly 
diagnosed advanced pancreatic cancer, IP-10 and macro-
phage inflammatory protein-1 alpha (MIP-1α; also known 
as CCL3) were identified as negative prognostic factors for 
the placebo plus gemcitabine cohort.39 In the same study, 
galunisertib combination treatment reversed this aggres-
siveness such that high IP-10 or MIP-1α was a positive 
predictive marker. In the present study, baseline serum 
IP-10 and MIP-1α were measured and were not statisti-
cally associated with better clinical benefit, as defined; 
however, at a median cut- point, high IP-10 trended with 
better clinical benefit (p=0.019, adjusted p=1.0; online 
supplemental table 4).

A potential limitation of our analyses is the relatively small 
sample size. Nonetheless, we might speculate that there 
may be a subpopulation of patients with pancreatic cancer 
who have an increased macrophage infiltration in the 
tumor microenvironment, causing an immune suppressed 
nature, poor prognostic outcome, and non- response to 
cytotoxic treatment. Owing to the aggressiveness of their 
disease, these patients may not be fit after completing first- 
line cytotoxic chemotherapy to receive further second- 
line or third- line treatment. It is reasonable to conceive 
that patients enrolled in the present trial were selected for 
their better prognosis as most of them progressed under a 
median of two prior systemic therapies while maintaining 
a good ECOG performance status score ≤1. Thus, the 
patient population who may have benefited most from this 
combination treatment may have been under- represented 
in this study. It may therefore be of particular interest to 
explore this therapeutic strategy in patients in an early line 
of treatment and selected for higher levels of macrophage- 
enriching cytokines such as IP-10 and MIP-1α. Further-
more, an immunogenic subtype of patients with enriched 
CD4+ and CD8+ T cell signaling, tumor- specific antigen 
presentation and, importantly, cytotoxic T- lymphocyte- 
associated protein 4 and PD-1 signaling have improved 
survival and may be more likely to respond to immunother-
apies.6 40 41 Two recent studies provide preclinical evidence 
that combining TGFβ inhibition with immune checkpoint 
blockade may increase tumor CD8+ T- cell infiltration and 
induce complete and durable responses in models of 
immune- excluded urothelial and colon cancer.42 43

Heterogeneity of immune cell composition in the 
tumor microenvironment might also help to explain the 

failure to elicit an inflammatory response via TGFβ inhi-
bition. Infiltrating FoxP3+ regulatory T cells (Tregs) in 
tumor tissues are considered a major obstacle to clinical 
efficacy of tumor immunotherapy and associated with a 
poor prognosis.44 45 The ability of galunisertib to block 
the suppressive activity of human Tregs has been demon-
strated in vitro46 but has not yet been observed clinically. 
Additional studies examining tumor microenvironment 
characteristics may be warranted to increase the efficiency 
of PD-1 immunotherapy and improve the prognosis of 
pancreatic cancer.47

In conclusion, this study established galunisertib 150 
mg two times per day on days 1–14 of a 28- day cycle plus 
durvalumab 1500 mg Q4W as the RP2D for future clinical 
exploration. No unexpected safety signals were observed 
with the use of combination therapy. The combination 
of galunisertib with durvalumab showed a clinical activity 
in line with other recent studies in similar populations of 
patients with different combination strategies, including 
immune checkpoint inhibitors. Given the aggressive 
nature of pancreatic cancer, and the advanced stages of 
the study population, studying this novel immunotherapy 
combination in patients in an early line of treatment and 
selected for higher levels of macrophage- enriching cyto-
kines may be a more suitable approach. The tolerability 
of galunisertib in combination with durvalumab could 
also lend itself to combination of with other treatments 
in future trials.
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