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Immunologic Features of Patients With Advanced
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Sorafenib or Anti-programmed Death-1/Programmed
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INTRODUCTION: Hepatocellular carcinoma (HCC) is one of the leading causes of cancer-related death worldwide. Today,
a promising treatment strategy is focused on the enhancement of antitumor immune responses by
immune checkpoint modification. However, as only 20% of patients with HCC are responders,
identification of predictive factors is urgently required. Therefore, for the first time, the features of the
intrahepatic and circulating immune system in patients with advanced-stage HCC, before and during
the treatment, were analyzed.

METHODS: We collected fresh HCC biopsies, along with adjacent tumor-free liver tissues and peripheral blood
samples, from 21 patients with advanced HCC. Furthermore, we performed an extensive
immunomonitoring of patients with HCC treated with sorafenib or programmed death (PD)-1/PD-L1
pathway blockade using multiparametric flow cytometry.

RESULTS: We observed that regardless of the treatment, low baseline intratumoral CD4+/CD8+ T-cell ratio was
associated with better overall survival (P = 0.0002). The baseline frequency of intratumoral PD-1"&"
CD8+ T cells was significantly lower in patients responding to sorafenib treatment than in the
nonresponders (P = 0.0117), and the frequency of circulating PD-1"&" T cells increased with tumor
progression (P = 0.0329). By contrast, responders to PD-1/PD-L1 pathway blockade showed a trend of
high baseline frequency of intratumoral PD-1Ms" CD8+ T cells. Moreover, we observed a trend of LAG3
and TIM3 upregulation on circulating T cells in nonresponding patients to PD-1/PD-L1 pathway
blockade.

DISCUSSION: Immunosuppressive state, characterized by an enhanced intratumoral CD4+/CD8+ T-cell ratio, was
associated with poor prognosis. Additionally, our results suggest that the frequency of intratumoral PD-
1en CD8+ T cells may serve as a biomarker to identify which individuals will benefit from which
treatment and support the use of combination strategies.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/CTG/A58

Clinical and Translational Gastroenterology 2019;10:e-00058. https://doi.org/10.14309/ctg.0000000000000058

INTRODUCTION the prognosis is very poor. A multi-tyrosine kinase inhibitor,
In the last few decades, hepatocellular carcinoma (HCC)-related ~ sorafenib, is considered as a gold standard treatment of patient
mortality has increased at a rate faster than mortality related to ~ with HCC. However, its efficacy is limited, improved survival
any other cancer type (1). Primarily for patients with advanced  time is modest (2), and predictive factors of response are lacking.
HCC, the available treatment options are extremely limited and ~ Therefore, there is an urgent need to determine an effective
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therapy for the treatment of patients with HCC. At present, an
enhancement of antitumor immune responses via immuno-
therapies serves as a promising treatment strategy in the field of
oncology. HCC is an important target for immunotherapy as
chronic liver inflammation, which is associated with HCC risk
factors (including chronic hepatitis B and C and metabolic dis-
orders), and it promotes an immunosuppressive environment
and T-cell exhaustion (3-6). Several inhibitory checkpoint mol-
ecules have been associated with this process, including the
programmed death (PD)-1/PD-L1 immune checkpoint pathway.
In patients suffering from HCC, the expression of PD-1 is con-
stantly increased on CD8* T cells (7), and the high frequency of
circulating and tumor-infiltrating PD-1* CD8" T cells was as-
sociated with disease progression after curative hepatic resection
(8). High PD-L1 expression was also determined as a predictor of
tumor recurrence for patients with HCC (9) and was associated
with tumor aggressiveness (10).

In September 2017, the Food and Drug Administration
granted an accelerated approval to anti-PD-1 antibody nivolu-
mab for the treatment of patients with HCC after a previous
sorafenib, regardless of the PD-L1 status, based on the objective
response rate observed in the phase I/II CheckMate 040 trial (15%
in a dose-escalation cohort and 20% in a dose-expansion cohort
(11)). Moreover, pembrolizumab (Keytruda; Merck, Kenilworth,
NJ) was also tested in a phase 2 study concerning second-line
treatment for advanced HCC after sorafenib failure, and the study
confirmed an objective response rate of 17% (12). Based on this
finding, in November 2018, the FDA approved pembrolizumab
for the treatment of patients with HCC who have been previously
treated with sorafenib. Nevertheless, more than 80% of such
patients do not respond to this therapy. Therefore, there is an
urgent need to better understand the subversion of the immune
system during HCC and its modulations during treatment. Al-
though important research has been already conducted in the
field of melanoma and other types of cancer, wherein immuno-
therapies have been used for some time now, almost no data exist
for the field of HCC. In fact, limited information is available at
present regarding the effect of HCC therapies on the immune
system of patients with advanced HCC, including the coex-
pression and potential compensatory changes of inhibitory and
stimulatory checkpoint molecules. A deeper understanding of the
mechanisms, functional relevance, and the pattern of coex-
pression of immune checkpoint molecules in HCC, surrounding
liver and in circulation, is mandatory to develop more effective
immunotherapeutic strategies and determine a better response
for its treatment.

Recently, Zhou et al. (13) analyzed inhibitory immune
checkpoint molecules in patients with early-stage HCC and
pointed out the importance of PD-1, TIM3, and LAG3 pertaining
to the inhibition of tumor-infiltrating lymphocytes’ function.
Considering the complexity of the receptor network that may
have either similar or distinct pathways to the modulate immune
system, extensive studies need to be conducted to clarify the ex-
pression of both inhibitory and stimulatory checkpoint molecules
on several cell subsets. Moreover, extremely limited information
is available at present concerning potential treatment-associated
modulations of various immune checkpoint molecules during
HCC therapy. Additionally, immune checkpoint blockade strat-
egies are currently being tested in cases of advanced HCC. Hence,
systematic analysis of immune checkpoint molecules at an ad-
vanced stage is required.

Clinical and Translational Gastroenterology

In this study, we provide a characterization of immune
checkpoint expression in advanced HCC, at the circulating and
liver tissue levels, based on fresh blood and liver biopsies. In
addition, we provide detailed immunomonitoring of patients
with HCC treated by means of the classical treatment (sorafenib)
or by immunotherapies and present the link with the clinical
evolution of patients.

METHODS

Patients and sample processing

Twenty-one patients (17 men and 4 women) suffering from ad-
vanced HCC were included in this study and were selected before
the treatment (Department of Gastroenterology and Hepatology,
CHU Grenoble-Alpes). The mean age of the patients was 71.6 *
0.4 years, among which 81% were male individuals, and 52% of
the patients had fibrosis (stage F4). Detailed patient character-
istics are provided in Supplementary Table 1 (see Supplementary
Digital Content 1, http://links.Iww.com/CTG/A58). Subsequently,
blood samples obtained from 7 healthy donors were used for
comparison. Liver biopsies (tumor and nontumor tissues) were
divided into 2 parts. One part was used for histologic examination
assessed by experienced liver pathologists to define whether biopsy
was performed within HCC, whereas the other part was processed
within 1 hour after the clinical biopsy to conduct extensive phe-
notypic and functional immunologic analyses.

Furthermore, the patients were treated with sorafenib (n = 7),
anti-PD-L1/transforming growth factor-g TRAP (n = 4), anti-
PD-1 antibodies (nivolumab, n = 1; pembrolizumab, n = 3), c-
Met inhibitor Tepotinib (n = 2), or were untreated (n = 4). In
addition, anti-PD-L1/TGF-B TRAP and pembrolizumab were
the second-line treatments provided after sorafenib, whereas
nivolumab was the first-line treatment. For immunomonitoring,
blood samples were collected during the time of treatment; the
sampling plan is detailed in Figure 1.

Based on their radiologic response to therapy, the treated
patients were later categorized into the following groups:
(i) responders (complete or partial response), (ii) stable disease
(SD), and (iii) nonresponders (progression) according to the
Response Evaluation Criteria in Solid Tumors (RECIST) 1.1.
Additionally, the immunomonitoring parameters were analyzed
with regard to the progression-free status of patients at 16 weeks
as well as their overall survival. This study was performed in
accordance with the Declaration of Helsinki and the French
legislation based on local sample collection (DC-2014-2295), and
all of its participants provided written informed consent.

Flow cytometry analyses

Immediately after the liver biopsy, tumor and nontumor samples
were transferred in the RPMI medium and cells were recovered
through mechanical disruption. Moreover, fresh peripheral blood
and intrahepatic cell suspensions were immunostained without
any stimulation, using the antihuman antibodies of surface
markers, as described in SI.

Stimulation of immune cells

Peripheral blood mononuclear cells (PBMCs) were isolated using
the Ficoll-Paque method, and cryopreserved PBMCs were stored
in liquid nitrogen. Cells were resuspended (1 X 10¢/mL), and
stimulation was performed by phorbol 12-myristate 13acetate
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Figure 1. CD4*/CD8* T-cell ratio at the baseline is related to clinical evolution in advanced HCC. (a) Sampling plan of patients with HCC. Samples were
collected only when the condition of the patient allowed it. (b) Baseline frequency of CD4* vs CD8™ T cells in the blood of healthy donors (n = 7), blood of
patients with HCC (n = 21), tumor tissue (n = 16), and nontumoral tissue (n = 13); 2-tailed Pvalue. (c) Frequency of T cells in the tumor tissues before the
treatment. Patients were followed up to determine the time to tumor progression, and they were divided into groups with short time to tumor progression
(<16 weeks, n = 6) and with progression-free status at 16 weeks (>16 weeks, n = 5); 2-tailed Pvalue. (d) Log-rank (Mantel-Cox) overall survival curves
segregating the cohort of patients according to the ratio of CD4+/CD8™ T cells in the tumor tissue at the baseline. (e) Log-rank (Mantel-Cox) overall survival
curves segregating the cohort of patients according to the median of the frequency of intratumoral CD8™ T cells per lymphocyte population (per CD45" cell)
at the baseline. HCC, hepatocellular carcinoma.

(50 ng/mL; Sigma Aldrich [L’isle-d’Abeau Chesnes, France]) and
ionomycin (1 pg/mL, Iono; Sigma) for 16 h at 37 °C in a CO,
incubator.

Cytometric bead array

The supernatant derived from stimulated and nonstimulated
PBMC cultures was collected, after which the amount of cyto-
kines produced by immune cells was evaluated using cytometric
bead array (BD Bioscience, San Diego, CA), and the data were
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analyzed by the FCAP Array Software. Subsequently, the fol-
lowing cytokines were determined: interferon gamma, tumor
necrosis factor o, granzyme B, IL-4, IL-6, IL-10, IL-13, and IL-17.

Assessment of soluble immune checkpoint molecules by
multiplex immunoassays

Serum samples were analyzed via multiprofiling of immune
checkpoint molecules using the Luminex MAGPIX system (Re-
search Platform, Département de Biochimie, Toxicologie et
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Pharmacologie, Institut de Biologie et Pathologie, CHU
Grenoble-Alpes) with the following panels: PD-1, PD-L1, PD-L2,
CTLA-4, TIM-3, GITR, GITRL, LAG-3, and CD137 (4-1BB).

Statistical analysis

Analyses were performed using the statistical software Graph-
Pad Prism 6 (GraphPad Software, CA). Normal distribution was
tested using the D’Agostino-Pearson omnibus normality test.
When data derived from both cohorts were normally distrib-
uted, the unpaired t test was used to determine significant dif-
ferences observed between the groups. Contrarily, when data
from either cohort were not normally distributed, the Mann-
Whitney test was performed. The nonparametric Kruskal-
Wallis one-way analysis of variance was used for multiple
comparisons. Furthermore, the Spearman correlation non-
parametric test was conducted to determine the degree of cor-
relation between 2 variables, and P value of <0.05 was
considered significant.

RESULTS

CD4+/CD8* T-cell ratio is strongly linked to the

clinical outcomes

Our cohort was based on 21 patients suffering from advanced
HCC. Only liver biopsy samples that were histologically approved
by pathologists for sampling within HCC area (tumor samples)
and nontumor area (nontumor samples) were included in this
study.

For the flow cytometry analysis, fresh samples were stained
using 2 panels for the identification of the major lymphocyte
populations and the expression of immune checkpoint molecules
(refer to Methods). Moreover, we investigated T cells, natural
killer (NK) cells, and NKT cells in the blood, in conjunction with
nontumor and tumor liver tissue obtained from patients with
advanced HCC, by the strategy concerning the principle of gating
as previously described (14-16) (Supplementary Figure 1a, see
Supplementary Digital Content 1, http://links.Iww.com/CTG/
A58), whereas isotype controls were used to define the positivity
of each marker (Supplementary Figure 1b, see Supplementary
Digital Content 1, http://links.lww.com/CTG/A58).

In our cohort of patients with advanced HCC, CD3*CD56~
T cells found in the blood accounted for more than 60% of all
CD45"¢" lymphocytes, whereas in the liver, their frequency re-
duced to 50%. Contrarily, CD3*CD56* cells (NKT and
CD3MihCD56" T cells) and CD3~CD56% NK cells represented
a significantly smaller population in the blood (7 and 11%),
whereas their frequency increased up to 21 and 21% in nontumor
liver tissues and 19 and 17% in tumor liver tissues, respectively
(Supplementary Figures 1b and 2a, see Supplementary Digital
Content 1, http://links.Iww.com/CTG/A58).

As expected, 24% of the circulating T cells were CD8"; the
absolute number of T cells is listed in Supplementary Table 2 (see
Supplementary Digital Content 1, http://links.Iww.com/CTG/
A58).In theliver, CD8" T cells represented approximately 45% of
the T-cell population in the tumor tissue and 50% in the non-
tumoral part of the tissue (Figure 1b). Notably, in our cohort of
patients, the frequency of intratumoral CD8" T cells before the
treatment was associated with clinical outcomes. Moreover, the
patients were divided into 2 groups according to their
progression-free status at 16 weeks. We observed that irrespective
of the following treatment, the frequency of intratumoral CD8"*
T cells at the baseline was higher in patients who were free of
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progression at 16 weeks (P = 0.0087), as depicted in Figure 1c. In
fact, in patients with time to tumor progression higher than 16
weeks, the intratumoral T-cell population is composed of 50.7%
* 2.9% of CD4" cells and 49.3% = 2.9% of CD8" cells (not
significant), whereas in patients with time to tumor progression
shorter than 16 weeks, the intratumoral CD4" T-cell population
was significantly higher (63.8% * 3.1%) compared with CD8*
T cells (36.2% = 3.1%; P = 0.0022).

The median intratumoral CD4*/CD8* T-cell ratio was 1.2.
Based on this median, a high intratumoral CD4*/CD8* T-cell
ratio was a negative predictive factor of the patients’ overall
survival (P = 0.0002) (Figure 1d). The median overall survival of
patients with a ratio lower than 1.2 was 16.2 = 1.6 months in
comparison with 4.6 * 1.4 months for patients with a ratio higher
than 1.2 (P = 0.0002) (Figure 1d). Subsequently, we separated the
cohort of patients according to the median of the frequency of the
intratumoral CD8* T cells per lymphocyte population (per
CD45" cell) at the baseline. We observed the tendency of asso-
ciation regarding the high frequency of intratumoral CD8* T cells
per lymphocyte population at the baseline with improved survival
(P = 0.1845) (Figure le).

In addition, cytokine secretion on stimulation of PBMCs, with
phorbol 12-myristate 13acetate/Iono analyzed by cytometric
bead array, showed that from all cytokines, only secreted IL-10
levels of both unstimulated and stimulated PBMCs were posi-
tively correlated to CD4* T cells and negatively correlated to
CD8" T cells. In fact, we found a significant positive correlation
between the IL-10 levels secreted by PBMCs in circulation and
CD4%/CD8* T-cell ratio in both tumoral and nontumoral tissues
(Supplementary Table 3, see Supplementary Digital Content 1,
http://links.lww.com/CTG/A58). However, there was no direct
association with the clinical outcomes. Collectively, our results
show that the immunosuppressive state, characterized by en-
hanced IL-10 levels and high intrahepatic CD4*/CD8* T-cell
ratio, was associated with poor prognosis.

Immune checkpoint distribution on lymphocyte subsets in
advanced HCC before therapy

We investigated the frequency of NK cells, CD3*CD56" cells
(NKT and CD3"*CD56"% T cells), and T cells expressing im-
mune checkpoint molecules on the cell surface (PD-1, TIM3,
LAG3, CTLA4, 4-1BB, and OX40) in fresh samples of peripheral
blood and analyzed tumoral and nontumoral biopsies of patients
with advanced HCC. As the expression of PD-1 increases con-
stantly in patients with HCC (7), we focused directly on the PD-
1hgh population (Supplementary Figure 1b, see Supplementary
Digital Content 1, http://links.Iww.com/CTG/A58), as observed
in the recent publications (17,18).

In our cohort, the frequency of PD-1"¢" or LAG3™ NK cells
was negligible compared with that of CD3"CD56" cells or the
T-cell population in the blood, tumor tissues, and/or nontumor
tissues (Figure 2a). However, in terms of their frequency, NK cells
expressing TIM3, CTLA-4, 4-1BB, and OX40 were similar to
T cells and CD3"CD56" cells (Figure 2a).

Subsequently, we analyzed the distribution of immune
checkpoint molecules in the population of CD4* and CD8*
T cells (Figure 2b, Supplementary Figure 2b, see Supplementary
Digital Content 1, http://links.lww.com/CTG/A58). Further-
more, the inhibitory checkpoint molecules PD-1, LAG3, and
TIM3 were expressed primarily by CD8" T cells, whereas
a stimulatory checkpoint molecule, OX40, was expressed
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Figure 2. Immune checkpoint distribution on lymphocyte subsets in advanced HCC atthe baseline. (a) The percentage ofimmune checkpoint-positive cellsamong
NK, CD3TCD56™ cells (NKT and CD3&"CD56™ T cells), and T cells in the blood (n = 21), tumor tissue (n = 16), and nontumoral tissue (n = 13). (b) The
percentage of immune checkpoint-positive cells among CD4* or CD8* Tcells in the blood (n = 21), tumor tissue (n = 16), and nontumoral tissue (n = 13). Each
dot represents a patient. The nonparametric Kruskal-Wallis one-way analysis of variance was used for multiple comparisons. HCC, hepatocellular carcinoma.
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preferentially by CD4* T lymphocytes (Figure 2b, Supplementary
Figure 2b, see Supplementary Digital Content 1, http://links.lww.
com/CTG/A58). CTLA4 and 4-1BB were equally expressed in
CD8* and CD4" T cells. Moreover, the expression of immune
checkpoint molecules was not statistically different between the
tumor and nontumor tissues (Figure 2b).

Because we analyzed the markers of immune checkpoint
receptors in 2 separated tubes, we cannot provide data pertaining
to their coexpression per individual cell for the entire cohort.
However, the positive correlation between the percentage of PD-
1heh CD8™ T cells and TIM3* CD8* T cells in circulation sug-
gested frequent coexpression of those receptors (r = 0.7276, P =
0.0003), as shown in Figure 3a. Contrarily, a negative correlation
was observed between the cells expressing the inhibitory receptor
LAG3 and the stimulatory receptor 4-1BB (r = —0.6863, P =
0.0008) (Figure 3b). Similarly, the frequency of LAG3" and
4-1BB* T cells in the blood was associated with PD-1"&" T cells in
nontumoral tissues (Figure 3c).

As expected, we found positive correlations between the cir-
culating and liver tissue expression of the immune checkpoint
receptors (Supplementary Table 4, see Supplementary Digital
Content 1, http://links.Iww.com/CTG/A58), notably between the
circulating and intratumoral frequency of 4-1BB* T cells (r =
0.6143, P = 0.0255) and PD-1"¢" cells (r = 0.4857, P = 0.0505),
indicating that the expression of immune checkpoint molecules
in the tumor tissue is partially reflected on the circulating levels.

Interestingly, the frequency of intratumoral PD-1%¢" T cells,
LAG3* T cells, OX40* T cells, and CD69* CD4" T cells was
positively correlated to the most widely used biomarker of HCC,
circulating alpha-fetoprotein, as shown in Supplementary Table 5

(see Supplementary Digital Content 1, http://links.Iww.com/
CTG/A58), indicating the possible link between one’s immune
status and tumor growth.

In a small cohort of patients with HCC, we directly determined
the coexpression of PD-1, TIM3, and LAG3. Representative flow
cytometry plots of patients with advanced HCC with a high fre-
quency of intratumoral PD-1"" T cells (Figure 4a) show that
TIM3 and LAG3 expressions were predominantly observed in
PD1"eh intratumoral CD8" T cells. Evidently, most intratumoral
PD-1Meh CD8* T cells coexpressed TIM3, but only a part of PD-
1high CD8* T cells expressed LAG3 (Figure 4b).

Immunologic features of sorafenib-treated patients

In our cohort, 7 patients were treated with sorafenib, and we
collected the results from their blood samples (n = 7) and liver
biopsies (n = 6). First, we sought to identify the cell population
that best described the differences between the responders and
nonresponders with respect to sorafenib at the baseline of treat-
ment. Sorafenib-treated patients were categorized into the fol-
lowing groups based on the radiologic response to therapy:
(i) responders (partial response; n = 3) and (ii) nonresponders
(tumor progression; n = 4). From all immune checkpoint mol-
ecules, only PD-1 expression was found to be different at the
baseline when comparing the responders with the non-
responders. In fact, in the tumor tissues, the baseline frequency of
PD-1Meh CD8" T cells was drastically and significantly lower in
responders to sorafenib treatment (15.9% * 7.2%, n = 3) in
comparison with the nonresponders (69.1% * 9.7%,n = 3; P =
0.0117), as shown in Figure 5a. In the blood, the same tendency
was observed, but the difference did not reach the significance
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Figure 4. TIM3 and LAG3 expressions are predominantly observed in PD1"&" intratumoral CD8* T cells in advanced HCC. (a) Representative flow
cytometry plots of immune checkpoint molecules, including FMO controls. (b) Coexpression patterns of PD-1, TIM3, and LAG3 in the intratumoral T cells of
patients with advanced HCC. FSC, forward scatter; FMO, fluorescence minus one; HCC, hepatocellular carcinoma; PD, programmed death.
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(responders: 1.7% * 0.7%, n = 3; nonresponders: 3.6% = 1.8%,
n = 4; P = 0.3202) (Figure 5b).

In addition, in 4 sorafenib-treated patients, we got the op-
portunity to perform detailed immunomonitoring. To follow the
immunologic changes induced during the treatment, we per-
formed flow cytometry analyses of the blood at 4 different time
points: (i) before treatment, (ii) 1 month after the start of sor-
afenib treatment, (iii) 3 months after the start of the treatment,
and (iv) in case of tumor progression (based on radiologic eval-
uation). We determined that out of all immune checkpoint
molecules, only the frequencies of PD-1"" cells were modified
during the immunomonitoring period. In fact, the mean fre-
quency of the circulating PD-1"¢" T cells was 1.92% =+ 0.92% at
the baseline and increased to 12.04% * 3.99% during tumor
progression (Figure 5c). This indicates that the expression of PD-
1 on circulating levels may reflect the progression of HCC during
sorafenib treatment and can serve as a biomarker of response and
PD-1 expression on intratumoral T cells. Moreover, it could be
used as a predictive factor of response.

Immunomonitoring of PD-1/PD-L1 pathway blockade-

treated patients

In our cohort, 8 patients were treated via PD-1/PD-L1 pathway
blockade therapies by either anti-PD-L1/TGF-8 TRAP (n = 4) or
PD-1 antibodies (nivolumab, n = 1; pembrolizumab, n = 3).In 6
of these patients, we had access to their liver biopsies.

To describe the differences between the responders and
nonresponders to PD-1/PD-L1 pathway blockade at the baseline
of treatment, the patients were divided into the following cate-
gories based on their radiologic evaluation: (i) responders
(complete or partial response, n = 2), (ii) SD (n = 3), and
(iii) nonresponders (tumor progression, n = 3).

As expected from their response to checkpoint blockade, we
found that patients who were classified as responders had lower
CD4"/CD8" ratio and therefore higher frequency of CD8"
T cells per T-cell population in both blood and tumor tissue in
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comparison with the nonresponders (Figure 6a), but due to the
low sample number, this difference is not significant. In contrast
to the results obtained from sorafenib-treated patients, res-
ponders to PD-1/PD-L1 pathway blockade had 8 times higher
baseline frequency of intratumoral PD-1"&" cells within the
CD8* T-cell population compared with the nonresponders
(80.0% * 0.9%, n = 2 vs 9.4% * 3.5%, n = 2; P = 0.3333)
(Figure 6b). Similarly, slightly higher frequency of intratumoral
TIM3* cells within the CD8" T-cell population was observed in
responders to PD-1/PDL-1 treatment when compared with the
nonresponders (23.9% = 2.5%,n = 2 vs 12.3% * 4.5%, n = 2;
P = 0.4586).

To follow the immunologic changes induced during PD-1/
PD-L1 pathway blockade, we performed immunomonitoring on
the circulating level. Additionally, we analyzed fresh blood sam-
ples taken during different time points from 3 patients treated
with anti-PD-1 antibody (Figure 7a) and from 4 patients treated
with anti-PD-L1/TGF-B8 TRAP (Figure 7b). The results of the
same are expressed as a heat map-based frequency of the positive
cells compared with the mean frequency of a corresponding
subpopulation of the entire cohort of patients with advanced
HCC before treatment (T0), i.e., low (<mean frequency, —20%),
medium (mean frequency, *20%), and high (>mean fre-
quency, +20%).

Furthermore, we noticed that after anti-PD-1 antibody ad-
ministration, the expression of PD-1 was hardly detectable in the
fresh blood samples (Figure 7a), probably owing to receptor oc-
cupancy by the therapeutic antibody. However, the antibodies
that specifically detect therapeutic anti-PD-1 antibodies were not
used in this study to directly investigate the PD-1 receptor oc-
cupancy after anti-PD-1 treatment. As expected, this effect on
PD-1 detection was not observed in patients treated with anti-
PD-L1/TGF-B TRAP (Figure 7b), as the said treatment directly
targets PD-L1.

Interestingly, in patients who did not respond to PD-1/PD-L1
pathway blockade, we observed the compensatory upregulation

VOLUME 10 | JULY 2019 www.clintranslgastro.com
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of LAG3 and TIM3 inhibitory immune checkpoints on circulat-
ing T cells. Contrarily, the frequency of inhibitory immune
checkpoint-positive T cells decreased in patients who achieved
long-term SD or complete response (Figure 7a,b). It is noteworthy
that we found no significant correlation between the immune
checkpoints on circulating immune cells and the concentration of
corresponding soluble immune checkpoints measured by mul-
tiplex immunoassays.

Collectively, we provided an evidence of feasibility along with
the potential significance of detailed immunomonitoring per-
formed by multiparameter flow cytometry during the treatment
of patients suffering from advanced HCC. Importantly, com-
pensatory changes in TIM3 and LAG3 after PD-1/PD-L1 path-
way blockade therapy may support the use of immunotherapy
combination strategies targeting multiple immune checkpoints in
advanced HCC.

DISCUSSION

In this study, we focused on a cohort of patients with advanced-
stage HCC. To the best of our knowledge, this is the first study to
analyze immunologic intrahepatic and circulating parameters
before treatment, which followed the immunologic changes in-
duced during HCC treatment. By performing extensive pheno-
typic and functional analyses of the immune cells, we highlighted
unique clinical correlates. To elaborate, we achieved the following
in this study: (i) defined the immune checkpoint expression on
both circulating and tumor-infiltrating lymphocytes in advanced
HCC, (ii) highlighted prognostic factors of clinical evolution and
(iii) pointed out specific immune features, allowing one to dis-
tinguish responders and nonresponders to targeted therapy with
tyrosine kinase inhibitor and immunotherapy treatments. This
study is limited due to the low number of patients receiving each
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treatment, but it demonstrates the importance of detailed
immunomonitoring during HCC therapies and the importance
of analyzing fresh biopsies of patients to define predictive factors
of response. Moreover, our results suggest that the CD4*/CD8*
T-cell ratio and the frequency of intratumoral PD-1"&" CD8"
T cells may serve as markers to identify which patients will benefit
from which treatment. In our study, the baseline frequency of
CD8" T cells per T-cell population in the tumor tissue was sig-
nificantly associated with a positive clinical outcome, which is in
accordance with the findings of research works conducted on
most other cancers (19,20) including HCC (21,22), wherein an
increased number of tumor-infiltrating CD8* T cells predicts
a favorable prognosis. Furthermore, CD8" T cells are the key
effector cells for antitumor immunity, mainly tumor-associated,
antigen-specific CD8" T cells, which are known to represent an
important component of the host’s immune response against
a tumor.

By contrast, Tregs, the dominant subset of CD4* T cells in the
late stages of cancer (23), are known to be unfavorable prognostic
markers in patients with HCC (24-26). In more advanced stages
of HCC, the entire CD4/CD8 T-cell ratio is modified as the CD8*
T-cell population reduces, which is associated with an increase in
the frequency of CD4" T cells (22,27). In this research, we show
that intratumoral CD4/CD8 T-cell ratio is clearly associated with
tumor progression and overall survival in patients with advanced
HCC, independent of the following treatment. This is not sur-
prising as Tregs are preferentially enriched in the CD4* T-cell
population in patients with HCC and repress CD8* T-cell
functions, as demonstrated previously (25,27-29). However, we
could not analyze the proportion of Tregs in the CD4" T-cell
population in this study, which limits the interpretation of its
results.

Clinical and Translational Gastroenterology
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treatment; the rest were second-line treatments after sorafenib. PD, programmed death.

We highlighted that PD-1 expression on T cells is another
important marker associated with treatment’s response. Our
results suggest that reduced intratumoral frequency of PD-1"ish
cells within the CD8* T-cell population at the baseline predicts
the patient’s response to sorafenib treatment. This is in line with
arecent report proposing low intratumoral frequency of PD-1*
CD8" T cells as a biomarker of response to sorafenib treatment
in patients with HCC (30). In addition, reduction in circulating
PD-1" T cells correlates to the survival of patients with HCC
after sorafenib therapy (31). Similarly, our results demonstrate
that circulating PD-1" T cells increase during tumor pro-
gression, suggesting that the expression of PD-1 on the circu-
lating level reflects the progression of HCC during sorafenib
treatment.

The opposite situation occurs in the patients receiving im-
munotherapy, blocking the PD-1/PD-L1 inhibitory pathway.
The principle of PD-1/PD-L1 pathway blockade therapy is to

Clinical and Translational Gastroenterology

reinvigorate preexisting intratumoral T cells by removing the
inhibition induced by the activation of the PD-1/PD-L1 axis
and finally induce tumor rejection. Thus, the accumulation of
PD-1" CD8" T cells in a tumor at the baseline often defines
a subgroup of patients who are able to respond to PD-1/PD-L1
pathway blockade therapy (as reviewed by Simon and Lab-
arriere (20)). Especially, the PD-1"g* CD8* T cells seem to be
crucial as this subset shows the following: (i) higher capacity for
tumor recognition and (ii) markedly different transcriptional
and metabolic profiles compared with PD-1" and
PD-1t lymphocytes (18). Significantly, the frequency of
intratumoral PD-1"e" cells was strongly predictive for both the
response and survival of patients with non-small cell lung
cancer treated with PD-1 blockade (18). Similarly, patients with
advanced malignant melanoma, who received anti-PD-1 anti-
bodies and had more than 20% of tumor-infiltrating CTLA-4"e"
PD-1high cells within their CD8* T-cell population, showed
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a favorable response to treatment compared with patients with
20% and less CTLA-4"eh PD-1hieh cells per CD8* T-cell pop-
ulation (17). Accordingly, we observed a very high baseline
frequency of intratumoral PD-1"e" cells per CD8" T cell in
patients experiencing tumor response to PD-1/PD-L1 pathway
blockade, whereas a low frequency was observed in non-
responders. Importantly, a recent study investigating CD8*
T cells isolated from HCC specimens also demonstrated that
tumors with high proportions of PD-1"s" CD8" T cells are
susceptible to immune checkpoint blockade-based therapies, as
this subset expresses multiple immune checkpoint receptors
and could be further reinvigorated by immune checkpoint
blockade (32). Similarly, Chew et al. recently demonstrated that
HCC tissues’ resident memory PD-1* CD8" T cells constitute
the predominant T-cell subset responsive to anti-PD-1 treat-
ment in vitro (29).

Unfortunately, PD-1 expression on CD8" T cells was not
assessed as a part of the CheckMate 040 clinical trial; only the PD-
L1 expression on tumor cells was noted. Moreover, objective
responses were observed in 26% of the patients with PD-LI ex-
pression on at least 1% of tumor cells and in 19% of patients with
PD-L1 on less than 1% of tumor cells, showing no significant
difference in this regard (11). However, data pertaining to PD-1
and PD-L1 expression on tumor-infiltrating immune cells are not
available for a CheckMate 040 clinical trial.

Today, anti-PD-1 antibody nivolumab is approved in the
United States for the treatment of patients with HCC after
the first-line treatment of sorafenib. From this perspective, the
frequency of intratumoral PD-1"&" CD8* T cells may serve as an
immune marker to divide patients with HCC to a subgroup with
a low frequency of intratumoral PD-1"&" CD8" T cells, which
may benefit from sorafenib treatment, and a subgroup with
a high frequency of intratumoral PD-1"¢" CD8* T cells that
should instead be treated directly via PD-1/PD-L1 pathway
blockade.

There is growing evidence that the efficacy of single
immunotherapies is often limited by compensatory induction
of other immune checkpoint molecules, which contributes to
a feedback loop that acts to mediate immune suppression.
Compensatory upregulation of inhibitory checkpoint mole-
cules after PD-1 blockade was recently described in mouse
models of lung adenocarcinoma (33) and in ovarian tumor (34).
Herein, we analyzed the immune changes that take place in
peripheral blood during treatment and observed the compen-
satory upregulation of LAG3 and TIM3 inhibitory immune
checkpoints on T cells in nonresponding patients to PD-1/PD-
L1 pathway blockade. However, further analyses are needed to
validate these findings, preferentially as translational protocols
in clinical trial cohorts. Such information will be crucial for the
rational design of combinatorial immune checkpoint blockade
in advanced HCC, to increase the number of responders and the
efficacy of treatment. For instance, simultaneous blockade of
the PD-L1 and TGF-B pathways by anti-PD-L1/TGF-B bi-
functional immunotherapy fusion protein showed superior
antitumor activity in relation to monotherapies (35). Similarly,
in our study, we observed that 3 of the 4 patients treated with
anti-PD-L1/TGF- clearly benefited from this therapy. Thus,
combination therapies constitute a logical step in this regard,
and adequate information to select proper immunotherapy
combination partners and the biomarkers of response is
required currently. However, the possibility that additional
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TGF-beta treatment affected the immunomonitoring results
also needs to be taken into account.

In this study, we thoroughly characterized immune check-
point distribution on lymphocyte subsets. Recently, Zhou et al.
published the characterization of inhibitory immune checkpoint
molecules in the early stages of HCC13 based on samples
obtained from surgical resection. The authors reported that the
expression of PD-1, TIM3, LAG3, and CTLA4 is significantly
higher on T cells isolated from tumor tissue than from non-
tumoral tissue. In our cohort of patients with advanced HCC, we
observed only a slightly higher frequency of immune checkpoint
molecules in the tumor tissue compared with nontumoral tissues.
This is an important observation reflecting the difference between
early-stage and advanced-stage HCC4. Similarly, we observed
a very high frequency of LAG3-positive cells, which is probably
also related to the advanced stage of HCC. Previously, it has been
shown that in lung cancer, LAG3 increases with disease stage (36).
Contrarily, the CTLA-4 surface expression was low in our study.
The intracellular staining would be needed to characterize
CTLA-4 completely as most of the CTLA-4 protein resides in-
tracellularly (37).

In addition, in this study we provided information about the
expression of stimulatory immune checkpoint molecules OX40
and 4-1BB. The former is known to be expressed mainly by Treg,
promoting immune tolerance (38). High OX40 expression was
associated with high serum alpha-fetoprotein levels and shorter
survival of patients with HCC (39). Accordingly, we observed
that OX40 is expressed primarily by CD4" T cells and that
intratumoral frequency of OX40" T cells and OX40" CD4*
T cells strongly correlates to the alpha-fetoprotein levels. The
stimulatory immune checkpoint 4-1BB was expressed by both
CD4" and CD8" T cells, and the expression correlated nega-
tively to the expression of inhibitory immune checkpoints. In-
terestingly, 4-1BB agonist utomilumab was recently used in
a phase I study of patients with advanced cancer (40), and it is
currently tested in combination with anti-PD-1 antibodies in
solid cancers.

The analysis of immune checkpoint expression highlighted
that CD3"CD56" cells express a high level of immune checkpoint
molecules, indicating that NKT and CD3"&"CD56™ T cells may
also be targeted by immune checkpoint blockers and could be
a part of the mechanism of action.

The main limitation of our study is the sample size, which
especially hampers subgroup analyses that might be of interest.
Further study with larger number of patients, also including
patients with different stages of HCC, will be necessary. To
conclude, apart from the characterization of immune checkpoint
molecules on crucial antitumor effectors in advanced HCC, we
also demonstrated the feasibility and potential importance of
detailed immunomonitoring during therapies, to define pre-
dictive factors of response and the mechanism of immunotherapy
resistance.
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Study Highlights

WHAT ISKNOWN

/ Immunity is a major player in HCC.

Immune checkpoint therapy is a promising treatment of HCC,
but less than 20% of patients respond to this treatment.

/Predictors of tumor response to HCC treatment are missing.

WHAT IS NEWHERE

\/ Intratumoral CD4*/CD8™ T-cell ratio at the baseline negatively
correlates with the overall survival.

v A high baseline frequency of intratumoral PD-1"e"
CD8T cells is negatively associated with tumor response to
sorafenib but positively associated with tumor response to
PD-L1/PD-1 pathway blockade.

TRANSLATIONAL IMPACT

/ Immunomonitoring helps identify the best combination
strategies for HCC treatment.
The frequency of intratumoral PD-1"e" CD8* T cells may
serve as a biomarker to identify which individuals will benefit
from which treatment.
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