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TGF-p is a pleiotropic cytokine with immunosuppressive activity. In pre-clinical models blockade
of TGF-B enhances the activity of radiation and invokes T cell anti-tumor immunity. Here, we
combined galunisertib, an oral TGF-p inhibitor, with stereotactic body radiotherapy (SBRT) in
patients with advanced hepatocellular carcinoma (HCC) and assessed safety, efficacy and
immunological correlatives. Patients (7=15) with advanced HCC who progressed on, were
intolerant of, or refused sorafenib were treated with galunisertib (150mg PO BID) on days 1-14 of
each 28-day cycle. A single dose of SBRT (18-Gy) was delivered between days 15-28 of Cycle 1.
Site of index lesions treated with SBRT included liver (9), lymph node (4) and lung (2). Blood for
high-dimensional single cell profiling was collected. The most common treatment-related adverse
events (AEs) were fatigue (53%), abdominal pain (46.6%), nausea (40%) and increased alkaline
phosphatase (40%). There were two instances of grade 2 alkaline phosphatase increase and two
instances of grade 2 bilirubin increase. One patient developed grade 3 achalasia possibly-related to
treatment. Two patients achieved a partial response. Treatment with galunisertib was associated
with a decrease in the frequency of activated T regulatory cells in the blood. Distinct peripheral
blood leukocyte populations detected at baseline distinguished progressors from non-progressors.
Non-progressors also had increased CD8*PD-1*TIGIT* T cells in the blood after treatment. We
found galunisertib combined with SBRT to be well-tolerated and associated with anti-tumor
activity in patients with HCC. Pre- and post-treatment immune profiling of the blood was able to
distinguish patients with progression versus non-progression.

Keywords
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the most common cause of primary liver cancer
worldwide (1, 2). Recently, immune checkpoint inhibitors targeting the programmed cell
death protein 1 (PD-1) and cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) pathways
have demonstrated a role for immunotherapy in HCC (3, 4). However, response rates remain
low and only a minority of patients have responses that are durable (5). This observation
supports the existence of additional immune escape mechanisms. Specifically,
immunosuppression within tumors and restricted infiltration by effector T cells in late stage
disease are key determinants that may impair the efficacy of immunotherapy in HCC (6).

Transforming growth factor beta (TGF-) is a pleiotropic cytokine with immunosuppressive
properties and a central role in HCC pathogenesis. TGF-3 promotes tumor growth,
migration and metastasis (7). TGF-p also coordinates immunosuppression by enhancing T
regulatory cell (Treg) generation and survival, inhibiting T cell differentiation and
proliferation, and suppressing antigen-presenting cell functions (6, 8-10). In animal models,
neutralizing TGF-p antibodies combine with radiation to trigger T cell immunity against
both irradiated and non-irradiated lesions (11). Similarly, in patients with metastatic cancer,
treatment with a TGF-P blocking antibody in combination with hypo-fractionated radiation
associates with increases in central memory CD8" T cells detected in the blood (12). These
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findings suggest a role for TGF-p blockade in overcoming resistance to radiotherapy and as
a strategy to augment anti-tumor T cell immunity.

Galunisertib (LY2157299) is an oral small molecule inhibitor of TGF- receptor | (13, 14).
Based on clinical and preclinical data, we conducted a pilot study using galunisertib in
combination with stereotactic body radiotherapy (SBRT) for the treatment of patients with
advanced HCC. The primary objective was to define safety and tolerability of galunisertib
when given in combination with SBRT. Secondary objectives were to evaluate clinical
activity and immunological correlatives.

MATERIALS AND METHODS

Patients and study design

This was a single institution pilot study. Eligible patients had inoperable HCC and had
progressed on, been intolerant of, or refused sorafenib, which was the only US Food and
Drug Association (FDA) approved systemic therapy for advanced HCC at the time of study
initiation. Additional eligibility criteria are detailed in the Supplementary Materials. The
protocol was approved by the institutional review board of the University of Pennsylvania.
Written informed consent was obtained from all patients prior to study-related procedures in
accordance with federal and institutional guidelines.

The primary objective was assessment of safety of combining galunisertib with SBRT in
patients with advanced HCC. Clinical secondary objectives included progression free
survival (PFS), overall response rate (ORR) and overall survival (OS). Scientific secondary
endpoints included evaluation of peripheral immune subsets at baseline and after treatment.

Patients were treated with galunisertib at a dose of 150mg PO BID on days 1-14 of each 28-
day cycle (Fig. 1A). SBRT was delivered in one fraction of 18-Gy between days 15-28 of
the first treatment cycle. Lesions measuring between 1-10 cm were chosen at the discretion
of the treating radiation oncologist for treatment with SBRT. The index lesion could not have
been previously treated with external beam radiation therapy or transarterial
radioembolization and was required to have evidence of viable tumor by MRI. Galunisertib
was supplied by Lilly Oncology (Indianapolis, IN). The chemical structure of galunisertib
has been previously reported (15). Clinical evaluation, and safety assessment are described
in the Supplementary Materials. The DLT evaluable period was defined as start of study
treatment to day 28. The toxicity evaluable population were all patients who received at least
one dose of study treatment.

Mass Cytometry

Blood was collected at baseline, on the day of SBRT administration between days 15 — 28,
and on day 1 of Cycle 2. Peripheral blood mononuclear cells (PBMC) were isolated by
Ficoll centrifugation and cryopreserved in liquid nitrogen. For analysis, PBMCs were
thawed and washed with FACS buffer (metal free PBS + 2% FBS + 1 mM EDTA). 2x10°% or
fewer cells per sample were incubated at room temperature with 1 uM 198Pt monoisotopic
cisplatin (Fluidigm) for one minute and then washed twice with FACS buffer. Cells were
incubated in Cytofix fixation buffer (BD) for 25 minutes on ice. Each sample was barcoded
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using unique palladium metal barcodes as per the manufacturer’s protocol (Fluidigm). After
barcoding, samples were combined and blocked with Human TruStain FcX (Biolegend) for
ten minutes at room temperature. Subsequently, cells were stained with a master mix of
metal-tagged antibodies for 30 minutes at room temperature (antibody information is
available in Supplementary Table 1). Cells were washed and fixed a second time with 2.4%
formaldehyde in PBS containing 125 nM Iridium DNA intercalator (Fluidigm). Data was
acquired on a Helios mass cytometer (Fluidigm) at a speed below 600 events/sec.

Mass cytometry data were normalized and sample barcodes were resolved using Fluidigm’s
CyTOF Software (ver. 6.7.1014). Individual samples were manually gated in FlowJo (BD) to
exclude normalization beads, debris, dead cells and doublets to identify expression markers
of interest (e.g., CD45, CD3, CD4, CD8, CD25, Foxp3, CD19, CD14, HLA-DR, CCRY,
CD45R0, PD-1, TIGIT, CTLA-4, Ki67). CD45* cisplatin negative events and CD8*
cisplatin negative events were exported for downstream processing. Data were transformed
using cytofAsinh and downsampled to 5000 events per sample. For dimensionality
reduction, t-Distributed Stochastic Neighbor Embedding (tSNE) with perplexity of 30 and
Max iterations of 1000 and Phenograph clustering analysis with K of 30 were performed in
R using the cytofkit package. All markers not used for manual gating were included in the
dimensionality reduction analysis. Marker expression level plots and density plots were
generated using ggplot2 and color pallets from the viridis package.

Statistical Analysis

RESULTS

Statistical analyses were performed using Prism 8.0 software (GraphPad) and R. PFS and
OS were estimated by the Kaplan-Meier method. Unless otherwise indicated, mass
cytometry analysis were conducted first by unsupervised analysis with correction for
multiple comparisons and findings were validated by manual gating. Student’s #test using
the two-stage linear step up procedure of Benjamini, Krieger and Yekutieli with g= 5% and
ANOVA with Tukey’s correction were used to compare the frequencies of unsupervised
clusters generated from Phenograph. Mann-Whitney and Wilcoxon tests were used to
compare manually gated immune cell populations.

Patients Characteristics and Treatment

Fifteen patients with advanced HCC were enrolled and treated between May 2, 2017 and
May 23, 2018. The median age of patients was 65 (range: 48—77). Patients were
predominantly male (80%) and most were white (73.3%). Nine patients (60%) had
extrahepatic spread of disease and five patients (33%) had macroscopic vascular invasion.
Two patients (13%) had both extrahepatic disease and macroscopic vascular invasion and
three patients (20%) had no extrahepatic disease or macroscopic vascular invasion. The
Barcelona Clinic liver cancer stage was B in three patients (20%) and C in twelve patients
(80%). Two patients had active hepatitis C and one patient had active hepatitis B. Six
patients (40%) had received prior sorafenib and two of these patients had received additional
systemic therapy. Refusal of sorafenib was the primary reason for not receiving systemic
therapy prior to study enrollment. Baseline characteristics are summarized in Table 1.
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Safety results

Fifteen patients were evaluable for toxicity (Table 2). The most common treatment-related
AEs included fatigue (53%), abdominal pain (46.6%), nausea (40%), increased alkaline
phosphatase (40%) and constipation (26.6%). In regard to changes in liver chemistries, two
instances of grade 2 and four instances of grade 1 alkaline phosphatase increase were
observed. Grade 2 bilirubin increase occurred in two patients and grade 1 bilirubin increased
occurred in one patient. Grade 1 increases in ALT and AST occurred in two patients.
Additionally, no treatment-related decline in liver function by synthetic function parameters
(albumin and INR) was observed. All treatment-related toxicities were grade 1 or 2, with the
exception of one patient who developed grade 3 achalasia in the setting of disease
progression after 2.5 months of therapy. SBRT was not thought to contribute given the index
lesion was distant from the esophagus. After exclusion of alternative etiologies, achalasia
was considered to be at least possibly-related to study drug. There was no evidence of
cardiac toxicity and no dose-limiting toxicities or treatment delays.

Clinical Outcomes

Fourteen patients were evaluable for disease response. Two partial responses (PR) were
observed. One PR lasted five months and the other is ongoing with a duration of 28 months
at time of data cut-off. For both of the patients who achieved PR, non-irradiated lesions
reduced in size (Fig. 1B). Six patients had stable disease (SD). The ORR was 14.2% with a
disease control rate (DCR) of 57% (Fig. 1C). We performed a second response analysis
excluding irradiated lesions to provide insight into the systemic impact of combination
galunisertib and SBRT. One patient met criteria for PR when the irradiated lesion was
excluded and a second patient had tumor reduction of 28%. One patient who was initially
defined as having SD was reclassified as having PD when the irradiated lesion was excluded.
Additionally, one patient had a single site of disease which was irradiated, however, this
patient developed progression with new lesions identified at first restaging. The median PFS
was 3.7-months and median OS was 9.0-months (Fig. 1D). SBRT in one-fraction was
delivered between days 15 and 28 of Cycle 1. Three patients received SBRT on day 15; five
patients received SBRT between days 16 and 17; and seven patients received SBRT between
days 20 and 27.

Nine patients underwent SBRT to the liver; two patients received SBRT to the lung; and four
patients received SBRT to involved lymph nodes. Median irradiated tumor volume was
8.1cm? (range: 1.4cm3-352.4cm3). Radiation doses delivered to organs-at-risk are described
in Supplementary Table 2. Volume of radiation delivered was associated with PFS, OS and
best overall response (Fig. 1E). For the two patients with PRs, SBRT was delivered to the
liver with a volume of 352.4cm?3 and 3cm3, respectively.

Discontinuation of study therapy occurred for disease progression (10 patients), death (1
patient) and withdrawal of consent (2 patients).

Relationship of Baseline Immune Correlates with Treatment Outcome

To identify specific immune populations, we conducted high-dimensional single cell
phenotyping using mass cytometry and a 37-marker metal-tagged antibody panel. We
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analyzed blood samples collected from patients prior to treatment, after 14-days of
galunisertib treatment and after radiation just prior to the start of Cycle 2. One patient was
not evaluable for radiologic response and was excluded from the analysis. Patients were
dichotomized as being either progressors (/7= 6) or non-progressors (/7= 8) based on best
overall response (Fig. 2A). Frequencies of immune cell subsets detected in the peripheral
blood were compared between the two groups.

We first focused our analysis on immune cell subsets present at baseline in progressors and
non-progressors. Using an unsupervised clustering algorithm (16), we identified 34 unique
clusters (Cl_x) (Fig. 2B, Supplementary Fig. S1A). In non-progressors, Cl_1, consistent
with a non-classical monocyte (CD14*CD16MI"HLLA-DR*CCR6*), was increased (6.1% vs.
2.8% of CD45™ cells; g=0.01) (Fig. 2C, Supplementary Fig. S1B, Fig. 2D-E). In
progressors, Cl_6, consistent with a naive-like CD8* T cell
(CD3*CD8*CCR7*CD27+*CD45R0O"9), was increased (5.1% vs. 1.5% of CD45" cells;
¢=0.02) (Fig. 2F-G). Similarly, Cl_9, consistent with a naive-like CD4* cell, was increased
in progressors (14.3% vs. 5.2% of total CD45" cells; p=0.015, ¢=0.17).

Next, we examined the differentiation status of CD8* T cells detected at baseline in the
blood. We identified 21 distinct clusters, representing subsets of naive (CCR7*CD45RQ"¢9),
effector (CCR7"ICD45ROY), effector memory (CCR7"9CD45R0O™) and central memory
(CCR7*CD45R0*) CD8* T cells (Fig. 3A). We performed principle component analysis
and found that CD8* T cell profiles segregated progressors from non-progressors (Fig. 3B).
Manual gating of CD8" T cell subsets (Fig. 3C) revealed that non-progressors had
significant skewing of T cell differentiation towards an effector-like phenotype
(effector:naive ratio, 6.0 vs. 1.4; p=0.01) (Fig. 3D).

Treatment-induced Immune Correlates

We found no change in CD4* or CD8* T cells, NK cells, Treg cells, monocytes, or dendritic
cells after treatment with galunisertib or SBRT (Supplementary Fig. S2A). In contrast,
treatment with SBRT produced a significant decrease in B cells, consistent with known
lymphotoxic effects of radiation (Supplementary Fig. S2B-C) (17). We compared the
frequency of CD45* cell clusters identified among progressors and non-progressors during
treatment. Progressors showed a significant increase in Cl_2, consistent with a monocyte-
like population (CD14*HLA-DR*CD56), after treatment with galunisertib (16.6% vs.
20.4% of CD45" cells; corrected p=0.014) (Supplementary Fig. S3A-B).

We next examined the effect of treatment on CD8* T cell phenotype. We found one distinct
cell population that increased after combination therapy in non-progressors but not
progressors (Fig. 4A). This population expressed CD45R0, PD-1 and T cell
immunoreceptor with Ig and ITIM domains (TIGIT) and lacked expression for CCR7,
LAG3 and Tim3 (Fig. 4B). Manual gating also showed a significant increase in
CD8*PD-1*TIGIT* T cells after combination therapy compared to baseline in non-
progressors (8.1% vs. 4.6% of CD8* T cells; p= 0.04), without change in progressors (2.8%
vs. 2.7% of CD8* T cells; p=0.6) (Fig. 4C). An unsupervised analysis of CD8* T cells
identified Cl_17, which resembled the manually gated PD-1*TIGIT*CD8* T cell subset
(Supplementary Fig. S3C). Cl_17 showed a similar increase in non-progressors after
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combination therapy compared to baseline (11.1% vs. 5.3% of CD8* T cells; corrected
p=0.079) (Supplementary Fig. S3D-E).

TGF-g inhibition and T Regulatory Cell Frequency and Phenotype

We next studied the impact of galunisertib on Treg frequency and phenotype. After
combination treatment there was no change in frequency of Tregs
(CD4*CD25*CD127!%%Foxp3™) in the peripheral blood or expression of CTLA-4 or HLA-
DR (Fig. 4D, Supplementary Fig. S4A-B, Supplementary Fig. SSA-B). In contrast, there
was a significant decrease in Ki67* Tregs after treatment with galunisertib compared to
baseline (8.0% vs. 10.6% of Treg cells; p/=0.036) (Fig. 4E). Notably, the frequency of Ki67*
Tregs increased between days 15-25 and d28 (8.0% vs. 10.3% of Treg cells; p=0.27) when
galunisertib was not administered.

DISCUSSION

We evaluated the safety, efficacy and immunological impact of combining a TGF-f receptor
I inhibitor (galunisertib) with SBRT for the treatment of patients with advanced HCC.
Combination treatment was well tolerated and potential anti-tumor activity was seen. In
addition, an exploratory analysis showed that pre- and post-treatment immune profiles in the
blood were distinct among patients with progressive and non-progressive disease as best
response.

Given the known role for TGF-p in the pathogenesis of HCC, early phase clinical trials have
studied TGF-B blockade as monotherapy and in combination with sorafenib (13, 14). These
studies have shown safety and potential efficacy. We sought to use galunisertib to alleviate
immunosuppression and radioresistance to SBRT, which is commonly used for the treatment
of HCC (18). The combination of galunisertib and SBRT was chosen based on the
observation that radiation, especially in combination with immunotherapy, can liberate
tumor-associated antigens generating an /n situ vaccine (i.e. abscopal effect) (19). In our
study, AEs compared favorably to those seen with galunisertib monotherapy. In regards to
efficacy, prior studies of patients with advanced HCC showed an ORR of 2% to galunisertib
monotherapy and 4.5% to galunisertib in combination with sorafenib (13, 14). In contrast, in
our study we found an ORR of 14%, suggesting potential synergy of galunisertib and SBRT.

There are several important limitations to our study. First, our sample size is small and the
secondary endpoints are hypothesis generating only. Second, the optimal dose and
sequencing of SBRT in combination with galunisertib was unknown at the start of our study.
The trial was designed to provide a run in of immunomodulation with TGF- inhibition
followed by administration of radiation. A radiation dose of 18-Gy was chosen based on
prior experience and data showing safety of SBRT for the treatment of spinal metastases
(20). Third, there was heterogeneity in the tumor volume irradiated, the site of irradiation
and timing of SBRT in relation to galunisertib. The index lesion for SBRT was chosen based
on safety considerations and size. Fourth, variability in the timing of blood collection
respective to treatment and a limited number of time points assessed may have restricted our
ability to identify additional treatment associated immune changes. Fifth, a lack of on-
treatment biopsies limits our ability compare peripheral blood immune changes with intra-
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tumoral immune composition. While our study suggests the combination of galunisertib and
SBRT is well tolerated, further study is needed to define the optimal dosing and sequencing
of treatment.

At the start of our study, sorafenib was the only systemic therapy approved by the FDA for
the treatment of advanced HCC. Since April 2017, a number of FDA approved therapies
have drastically altered the therapeutic landscape of HCC. Recently, the combination of
atezolizumab (anti-PD-L1) and bevacizumab (anti-VEGF) showed improved OS in
comparison to sorafenib for the treatment of patients with newly diagnosed advanced HCC,
setting a new standard of care (21). Additionally, multikinase inhibitors, checkpoint
inhibitors and VEGF targeted agents, are now also approved for HCC in the first and
second-line setting (22). As most patients will now be treated with atezolizumab/
bevacizumab in the first-line, it becomes especially important to design novel
immunotherapy strategies for those patients that progress on or are refractory to checkpoint
inhibition. Additionally, although atezolizumab/bevacizumab is effective, the vast majority
of patients with advanced HCC will still ultimately die from their disease. Thus, in regard to
future directions for the combination of TGF-p inhibition and SBRT, we suggest that
additional immunomodulatory agents could be incorporated into this treatment strategy in
order to boost efficacy. Galunisertib is currently being studied in combination with
nivolumab (anti-PD-1) for the treatment of patients with advanced solid tumors including
HCC (NCT02423343). Incorporating radiation into a treatment regimen including anti-PD-1
therapy and TGF-p blockade would be a reasonable next step. Additionally, our study
supports the continued development of novel TGF-f and radiation combinations as is
actively being studied. Of particular interest, M7824 (bintrafusp alpha), which is a first-in-
class bifunctional fusion protein containing the extracellular domain of the TGF-pRII
(acting as a TGF- trap) fused to a PD-L1 blocking antibody (23), is currently being
evaluated in combination with SBRT for the treatment of head and neck cancer
(NCT04220775).

A pre-existing immune reaction is a key determinant of outcomes to immunotherapy (24).
We found distinct differences in baseline CD8" T cell differentiation among patients with
progression and non-progression as best response. Both cancer and chronic viral hepatitis
are associated with changes in CD8" T cell differentiation (25). However, we saw no clear
association between history of viral hepatitis and immune composition. Additionally, our
findings are consistent with observations in other malignancies where increased frequency of
CD8* memory T cell subsets at baseline are associated with improved outcomes (26-28).
Together, these data support profiling of pre-treatment immune subsets in the blood of
patients with HCC as a non-invasive method for identifying potential responders to therapy.

We also incorporated a longitudinal analysis of peripheral blood and found that non-
progressor patients had increased CD8*PD-1*TIGIT™ T cells after combination treatment
(Fig. 4F). PD-1 and TIGIT are upregulated early during T cell activation and can mark
tumor-specific T cells (29). However, CD8"PD-1*TIGIT* T cells may also play a
detrimental role in HCC biology. Elevated baseline frequencies of CD8*PD-1*TIGIT* T
cells in patients with hepatitis B-associated HCC correlate with reduced survival and higher
disease burden (30). Thus, it is possible that CD8*PD-1*TIGIT* T cells observed with
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galunisertib and SBRT treatment may initially enact effector functions but ultimately assume
an exhausted state with limited effector potential. Given our findings, inclusion of
longitudinal profiling of CD8* T cells in future prospective studies may be useful to identify
biomarkers of response.

Treg cells are key mediators of immune homeostasis (31-34). The immunosuppressive
activity of Tregs is well-suited for preventing autoimmunity. However, this same biology
impedes the development and productivity of anti-tumor immunity. For these reasons,
strategies to modulate or inhibit Tregs have garnered interest as an approach to improve the
efficacy of cancer immunotherapy. Ki67 is a clinically relevant marker of activated Tregs
(35). For example, an increase in intra-tumoral Ki67* Tregs detected at the time of surgery is
associated with poor disease free survival in patients with melanoma treated with neo-
adjuvant anti-PD-1 therapy (36). Our data suggest that inhibition of TGF-p signaling may
impair Treg activation, as demonstrated by a decreased frequency of Ki67* Tregs in the
blood after treatment with galunisertib. However, we did not observe evidence for immune-
related adverse events to indicate increased risk for autoimmunity, consistent with prior
studies using galunisertib (13, 14).

In conclusion, results from this pilot study demonstrate safety of combined galunisertib and
SBRT in patients with advanced HCC. Despite a small sample size, we observed early
evidence of clinical benefit. Further investigation will be necessary to determine a role for
TGF-p inhibition in the treatment of HCC. Additionally, our study suggests the value of
incorporating immune profiling of peripheral blood to identify potential benefit of treatment
in patients with HCC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Trial design and clinical outcomes
(A) Study schema. Patients received galunisertib 150 mg PO twice daily for days 1-14 of

each 28-day cycle. Radiation (SBRT 18-Gy in one fraction) was delivered during cycle one
only between days 15-28. Blood for isolation of PBMCs was collected at baseline, prior to
SBRT and prior to start of cycle 2 (black squares). (B) Sequential contrast enhanced MRI for
patients 014 and 016. Yellow arrows mark representative non-irradiated lesions. (C) Best
overall response showing percent change in target lesions from baseline measured by
RECIST 1.1. One patient withdrew consent and was not evaluable for radiologic response.
One patient had non-target lesion progression (*). (D) Kaplan Meier plots showing
progression free survival and overall survival. (E) Correlation matrix of clinical variables.
Colored circles represent Pearson’s correlations with a significance of p < 0.05. BOR, best
overall response; OS, overall survival; PFS, progression free survival.
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Figure 2. Pre-treatment immune subsetsin the peripheral blood associate with outcomesto
galunisertib and radiation

(A) Donut chart showing classification of patients as Progressors (P) or Non-Progressors
(NP) based on best overall response measured with RECIST 1.1. One patient was not
evaluable for radiologic response. (B) PBMC collected at baseline were analyzed by high-
dimensional single cell mass cytometry. Shown is phenograph clustering analysis performed
after exclusion of doublets and dead cells and positive selection for CD45. (C) Density plots
showing clusters significantly altered between Progressors as compared to Non-Progressors.
(D) Quantification of cluster_1 (percentage of CD45* cells). (E) Marker expression level
plots. (F) Quantification of cluster_6 (percentage of CD45™ cells). (G) Marker expression
level plots. Multiple #tests were performed with Benjamini, Krieger and Yekutieli
correction. *, g < 0.05. NE, not evaluable; PD, progressive disease; SD, stable disease; PR,
partial response.
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Figure 3. Pre-treatment CD8* T cell profilesin the peripheral blood associate with outcomesto
galunisertib and radiation

Baseline PBMC samples were analyzed by high-dimensional single cell profiling using mass
cytometry. (A) Shown is phenograph clustering analysis performed after the exclusion of
doublets, dead cells and CD19 cells and positive selection for CD45, CD3 and CDS8. (B)
PCA analysis of phenograph defined CD8™ clusters. (C) Stacked bar graph showing
manually gated CD8* naive (CCR7*CD45R0O"), effector (CCR7"9CD45R0OM9), effector
memory (CCR7"9CD45R0™) and central memory (CCR7*CD45R0™) cell frequencies in
individual patients. (D) Effector (CCR7"9CD45R0O"9) to naive (CCR7*CD45R0"9) CD8*
T cell ratio at baseline among Progressors and Non-Progressors. Mann-Whitney tests were
performed. *, p < 0.05. NE, not evaluable. NP, Non-Progressor. P, Progressor. EM, effector
memory. CM, central memory.
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Figure 4. Galunisertib and radiation is associated with changesin T cell subsetsin the peripheral
blood after treatment

PBMC from Progressors (P) and Non-Progressors (NP) were analyzed at the indicated
timepoints by high-dimensional single cell mass cytometry. Shown are (A) Density plots and
(B) Marker expression level plots. (C) Paired comparison of manually gated
CDS8*PD-1*TIGIT™ cells at baseline (pre) and after combination treatment (d28) in
Progressors and Non-Progressors. (D) Quantification of Treg cell (CD25TCD127/°"Foxp3*)
frequency (percentage of CD3*CD4™") pre-treatment (pre) and post-treatment with
galunisertib (d15-25) and SBRT (d28). Cell subsets were gated after the exclusion of
doublets and dead cells and positive selection for CD45, CD3 and CD4. (E) Quantification
of Ki67*Treg cells (percentage of Treg cells) in samples pre-treatment and post-treatment
with galunisertib and SBRT. (F) Schematic detailing the proposed association between TGF-
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B signaling and relevant peripheral blood leukocytes. At baseline Ki67*Tregs and low
frequencies of CD8*PD-1*TIGIT" T cells are found in the peripheral blood. After treatment,
in non-progressors, the peripheral blood leukocyte composition is shifted towards higher
frequencies of CD8*PD-1*TIGIT™ T cells and lower frequencies of Ki67*Tregs. The size of
TGF-B lettering indicates higher (large) or lower (small) TGF- signaling activity. Wilcoxon
matched-pairs tests were performed (C). Mann-Whitney tests were performed (D-E). *, p<
0.05. SBRT, stereotactic body radiation therapy.
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Demographic and baseline characteristics

Characteristic

Age at diagnosis - yr
Median
Range

Sex - no. (%)
Male

Female

Race or ethnic group - no. (%)a
White
Black
Other
ECOG - no. (%)
0
1
Extrahepatic spread - no. (%)
Present
Absent
Macroscopic vascular invasion - no (%)
Present
Absent
Childs Pugh Score - no. (%)
A
B7
Barcelona Clinic liver cancer stage - no. (%)
B
c
Prior systemic therapy - no. (%)
0
1-2
>2
Prior liver directed therapy - no. (%)
Yes
No
History of infectious hepatitis - no. (%)
Hepatitis C
Hepatitis B
No history of infectious hepatitis
Biochemical analysis
Albumin - g/dL
Median
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Value

65
48 - 77

12 (80)
3(20)

11(73)
3(20)
1(7)

10 (66)
5 (33)

9 (60)
6 (40)

5 (33)
10 (66)

15 (100)
0 (0)

3(20)
12 (80)

9 (60)
4(27)
2(13)

13 (87)
2(13)

7(47)

2(13)
6 (40)

3.8
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Characteristic Value

Range 29-44

Total bilirubin - mg/dL
Median 0.6
Range 03-1.6

Alpha-fetoprotein - ng/mL
Median 26.6
Range 3.6 -13x104

a . .
Race was reported by the investigator
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Table 2.

Adverse events at least possibly related to therapy

Event

Gastrointestinal
Abdominal pain
Nausea
Constipation
Vomiting
Abdominal distention
Flatulence
Diarrhea
Dysgeusia
Achalasia
Hepatic
Alkaline phosphatase increased
Bilirubin increased
ALT increased
AST increased
Hematologic
Platelet count decreased
Neutrophil count decreased
White blood cells decreased
Lymphocyte count decreased
Pulmonary
Cough
Constitutional
Fatigue
Rash
Pruritis
Dizziness
Dry mouth
Dry skin
Edema
Weight loss
Neurological
Headache
Renal

Hypomagnesemia

Any Grade

7 (46.6)
6 (40)
4 (26.6)
3 (20)
2(13.3)
2(133)
1(6.6)
1(6.6)
1(6.6)

6 (40)
3(20)
2(13.3)
2(13.3)

2(13.3)
2(13.3)
2(133)
1(6.6)

1 (6.6)

8 (53.3)
2(13.3)
2(13.3)
1(6.6)
1(6.6)
1(6.6)
1(6.6)
1(6.6)

2(13.3)

1 (6.6)

Gradel Grade2 Grade3

number of patients (%)

6(40)  1(6.6) 0
6 (40) 0 0
3200 1(66) 0
2(133)  1(66) 0
2(133) 0 0
2(133) 0 0
1(6.6) 0 0
1(6.6) 0 0
0 0 1(6.6)
4(266) 2(133) 0
1(66) 2(13.3) 0
2(133) 0 0
2(133) 0 0
1(66) 1(6.6) 0
0 2(13.3) 0
2(133) 0 0
0 1(6.6) 0
1(6.6) 0 0
7(466)  1(6.6) 0
2(133) 0 0
1(66) 1(6.6) 0
1(6.6) 0 0
1(6.6) 0 0
1(6.6) 0 0
1(6.6) 0 0
1(6.6) 0 0
2(133) 0 0
1(6.6) 0 0

AEs were graded using the NIC Common Terminology for Adverse Events (Version 4.1)
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