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Abstract

Combined hepatocellular cholangiocarcinoma (cHCC-CCA) is a heterogeneous
tumor sharing histological features with hepatocellular carcinoma (HCC) and intra-
hepatic cholangiocarcinoma (iCCA). The tumor immune microenvironment (TIME) of
cHCC-CCA is unclear. We compared the TIME of cHCC-CCA with that of HCC and
iCCA. Twenty-three patients with cHCC-CCA after hepatectomy were evaluated in
this study. Twenty-three patients with iCCA and HCC were also included. iCCA was
matched for size, and HCC was matched for size and hepatitis virus infection with
cHCC-CCA. Immune-related cells among the iCCA-component of cHCC-CCA (C-com),
HCC-component of cHCC-CCA (H-com), iCCA, and HCC were assessed using mul-
tiplex fluorescence immunohistochemistry. Among C-com, H-com, iCCA, and HCC,
multiple comparisons and cluster analysis with k-nearest neighbor algorithms were
performed using immunological variables. Although HCC had more T lymphocytes
and lower PD-L1 expression than iCCA (P < 0.05), there were no significant differ-
ences in immunological variables between C-com and H-com. C-com tended to have
more T lymphocytes than iCCA (P = 0.09), and C-com and H-com had fewer mac-
rophages than HCC (P < 0.05). In cluster analysis, all samples were classified into two
clusters: one cluster had more immune-related cells than the other, and 12 of 23 H-
com and eight of 23 C-com were identified in this cluster. The TIME of C-com and
H-com may be similar, and some immunological features in these components were
different from those in HCC and some iCCA. Cluster analysis identified components

with abundant immune-related cells in cHCC-iCCA.
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1 | INTRODUCTION

Combined hepatocellular cholangiocarcinoma (cHCC-CCA) is a rare
tumor characterized by hepatocellular and glandular features. The
incidence of cHCC-CCA has been reported as 0.7%-14.2% among
patients with primary liver cancer.!™ The prognosis of cHCC-CCA
is better than that of intrahepatic cholangiocarcinoma (iCCA) but
poorer than that of hepatocellular carcinoma (HCC),* and surgical
resection is the only treatment for cHCC-CCA. However, there is
no consensus regarding systemic treatments for patients with unre-
sectable cHCC-CCA, and these treatments are often selected from
among those intended for patients with HCC or iCCA.>” Recently,
immunotherapies, including immunocheckpoint inhibitors, have
emerged as alternative treatments for patients with advanced solid
tumors.81n Japan, the combination of atezolizumab and bevacizumab
has replaced sorafenib as the first-line treatment for unresect-

1112 3nd adoptive

able HCC.”* Moreover, peptide vaccine therapy
cell transfer’®'* have been reported to be effective against HCC.
Contrastingly, for iCCA, immunotherapy has resulted in antitumor
responses, but only in a select group of patients; consequently, the
introduction of suitable indications has been delayed.ls’16 However,
patients with cHCC-CCA are mostly excluded from clinical trials on
immunotherapies because of the rarity and specific features of this
disease®; there is only one case report on using immune therapy for
treating cHCC-CCA.Y

Interpretation of the tumor immune microenvironment (TIME) is
important for exploring the therapeutic indication of immunother-
apy.'® Recent studies have shown that high expression of PD-L1%2°

2128 are correlated

and abundant tumor-infiltrating lymphocytes
with the treatment effectiveness of immunotherapy. In the pres-
ent study, we investigate the composition of TIME in cHCC-iCCA
via comparisons and clustering analyses in two contrasting tumors:
HCC, a carcinoma that has been shown to respond suitably to im-
munotherapy, and iCCA, a carcinoma that responds poorly to im-
munotherapy. The results of the present study could facilitate the

introduction of suitable immunotherapies for the disease in future.

2 | MATERIAL AND METHODS

2.1 | Patients

Twenty-three patients who underwent hepatectomy and were di-
agnosed with cHCC-CCA between June 2003 and June 2018 at
the National Cancer Center Hospital East (Chiba, Japan) were in-
vestigated in this study. Using a one-to-one matching approach, 23
size-matched patients from among 55 patients who underwent he-
patectomy and were diagnosed with iCCA were also investigated;
we also randomly included 23 size- and hepatitis virus infection-
matched patients from among 396 patients who underwent hepa-
tectomy and were diagnosed with HCC between January 2009 and
June 2018 at the National Cancer Center Hospital East. The clinico-
pathological variables of the 69 patients are listed in Table S1.

2.2 | Discrimination between iCCA and HCC
component of cHCC-CCA via H&E staining

Formalin-fixed paraffin-embedded tumor tissues were sectioned
into 4-um thick serial sections for each patient with cHCC-CCA,
HCC, and iCCA. The sections were subjected to H&E staining. The
iCCA-like component and HCC-like component were defined as de-
scribed previously,* i.e., the iCCA component (C-com) was defined
as “an area characterized by glandular differentiation with mucin
production and abundant fibrous stroma” and the HCC component
(H-com) was defined as “an area characterized by trabecular growth
with bile production, abundant eosinophilic cytoplasm, and promi-
nent nucleoli.” For the mixed subtype, H-com and C-com were de-
fined as areas where an HCC and iCCA area accounted for more
than 90%, respectively. Intermediate regions were excluded from
evaluation. Each component was differentiated under the super-
vision of an experienced pathologist (M.K.) for all patients with
cHCC-CCA.

Figure S1 shows an example of the differentiation procedure for
each component via H&E staining of the cHCC-CCA tissues.

2.3 | Multiplex fluorescence
immunohistochemistry

Immunohistochemistry was performed on 4-um thick tissue sec-
tions of cHCC-CCA, iCCA, and HCC. The sections were subjected
to multiplex fluorescence immunohistochemistry (MFIH) using a
PerkinElmer Opal Kit. Two patterns of MFIH combined with various
antibodies were prepared. Table S2 lists the primary antibody condi-
tions used for staining. MFIH images were acquired using an auto-
mated multisector imaging system (Vectra version 3.0; PerkinElmer).
Figure 1 shows illustrative MFIH images of cHCC-CCA specimens.
A maximum of 20 regions of interest (ROIs) (699 x 500 um) were
randomly selected from the C-com and H-com, which were discrimi-
nated using H&E staining of the cHCC-CCA specimens (Figure S2).
Twenty ROlIs (699 x 500 um) were randomly selected for HCC and
iCCA.

2.4 | Histological and immunological evaluation

Table S3 presents the features of the areas evaluated in cHCC-CCA,
iCCA, and HCC samples. An image analysis program (Inform 2.4,
PerkinElmer) was used to evaluate the ROI of each tumor, stroma,
and nonevaluated tissue, such as the intraluminal structures, as well
as to detect immune-related cells with specific phenotypes; the dis-
tribution of immune-related cells was analyzed. Figure S3 illustrates
the trainable tissue segmentation in cHCC-CCA. Training sessions
for tissue segmentation and phenotype recognition were performed
repeatedly until the algorithm attained the level of confidence
recommended by the manufacturer (at least 90% accuracy).z“*25
Numerical data of tissues and immune-related cells calculated from
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FIGURE 1 Example images of multiplex fluorescence immunohistochemistry (MFIH) for combined hepatocellular cholangiocarcinoma
(cHCC-CCA). We used nine types of primary antibodies and combined them to establish two types of MFIH patterns. One pattern of MFIH
was composed of anti-cluster of differentiation 3 (CD3), anti-cluster of differentiation 4 (CD4), anti-cluster of differentiation 8 (CD8),
anti-cluster of differentiation 20 (CD20), anti-cytokeratin 7 (CK7) , anti-glypican-3 (GPC3), and 4',6-diamidino-2-phenylindole (DAPI).

The other pattern included anti-CD3, anti-CD4, anti-cluster of differentiation 163 (CD163), anti-cluster of differentiation 204 (CD204),
anti- programmed cell death ligand 1 (PD-L1), anti-CK7, anti-GPC3, and DAPI. (A-C) One pattern of MFIH; (D-F) the other pattern. (A)
intrahepatic cholangiocarcinoma component of cHCC-CCA (C-com). (B) hepatocellular carcinoma component of cHCC-CCA (H-com). (C)
Magnified images of each antibody staining; opal 520 nm for anti-CK7 antibody, opal 540 nm for anti-CD3, opal 570 nm for anti-CD8, opal
620 nm for anti-CD4, opal 650 nm for anti-CD20, and opal 690 nm for anti-GPC3. (D) C-com of cHCC-CCA. (E) H-com of cHCC-CCA. (F)
Magnified images of each antibody staining; opal 520 nm for anti-CK7, opal 540 nm for anti-CD3, opal 570 nm for anti-CD163, opal 620 nm
for anti-CD204, opal 650 nm for anti-PD-L1, and opal 690 nm for anti-GPC3

Inform were analyzed using visual data analysis software (TIBCO
Spotfire Analyst 7.11.1; TIBCO Software, Inc.). Cells in the whole
tissue were defined as the sum of cells in the areas of tumor tissue
and stroma tissue. Cell density was calculated as the number of cells
per square millimeter, and the average value for each ROl was de-
fined as the cell density for each sample. In addition, histological and
immunological variables were analyzed for each C-com and H-com
in cHCC-CCA. Histological evaluation was performed based on the

area proportion of the tumor tissue, area proportion of the stroma
tissue, cytokeratin 7 (CK7) positivity, and glypican-3 (GPC3) positiv-
ity. Immunological evaluation was performed based on the presence
of CD3*, CD3"CD4", CD3*CD8*, CD20%, and CD1637CD204" cells
in each tumor, stroma, and whole tissue, and the area character-
ized by PD-L1 positivity. We defined high PD-L1 expression among
CD163*CD204" cells using the gating strategy provided in TIBCO
Spotfire Analyst 7.11.1.
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2.5 | Cluster analysis with immunological variables
Cluster analysis with immunological variables from MFIH was per-
formed using the k-nearest neighbor (k-NN) parameter calculated
using Seurat version 4.0 package in the R version 4.1.0 environ-
ment (R Project for Statistical Computing). Multiple immunological

features used as immunological variables are presented in Table S4.

2.6 | Statistical analysis

Continuous variables are presented as medians and ranges,
whereas categorical variables are presented as numbers and per-
centages. The significance of continuous and categorical variables
between the two groups was evaluated using the Wilcoxon test
and Pearson's chi-square test, respectively. Multiple comparisons
were performed using the Steel-Dwass test. These statistics tests
were performed using JMP version 16.0.0 (SAS Institute, Inc.).
Heat maps and dendrograms with hierarchical clustering based on
Ward's method were created using JMP version 16.0.0. A scatter
plot was drawn using t-distributed stochastic neighbor embedding
(t-SNE) for continuous variables. The t-SNE, heat map, and violin
plots were generated using the Seurat version 4.0 package in the
R version 4.1.0 environment. Analysis items with P < 0.05 were

significant.
iCCA HCC
Variables n=23 n=23
Area proportion
Stroma tissue, %, median, [range] 20.6 [3.8-34.4] 5.9 [0-41.2]

Tumor tissue, %, median, [range] 78.8 [68.8-96.2]
Area positive for multiple fluorescent immunostaining
90.1 [56.4-98.3]

5.2[0-21.4]

CK7, %, median, [range]
GPC3, %, median, [range]

93.9 [58.8-100]

0.2 [0-71.0]
92.1[11.2-99.9]

3 | RESULTS

3.1 | Comparison of histological variables

Table 1 shows the comparison of histological variables between iCCA
and HCC. The area proportion of the stroma tissue (20.6% vs. 5.9%,
P <0.001) and CK7 positivity (90.1% vs. 0.2%, P < 0.001) was higher, and
that of the tumor (78.8% vs. 93.9%, P = 0.002) and GPC3 positivity (5.2%
vs. 92.1%, P < 0.001) was lower in iCCA than in HCC. Table 2 shows a
comparison of the histological variables between C-com and H-com. C-
com exhibited a higher area proportion of the stroma tissue (41.2% vs.
13.7%, P < 0.001) and CK7 positivity (75.6% vs. 18.1%, P = 0.038), and
a lower area proportion of the tumor tissue (55.9% vs. 86.3%, P < 0.001)
and GPC3 positivity (4.9% vs. 40.7%, P = 0.005) compared to H-com.

3.2 | Comparison of immunological variables

Tables 3 and S4 show multiple comparisons of immunological vari-
ables among iCCA, HCC, C-com, and H-com. Compared with those
in HCC, the densities of almost all immune-related cells in the tumor
tissue of ICCA were lower; CD3* (22.8/mm? vs. 75.2/mm?, P = 0.047),
CD3*CD4* (10.8/mm?vs. 37.7/mm?, P = 0.018), and CD163*CD204*
(157.5/mm? vs. 545.2/mm?, P < 0.001), excluding CD3*CD8* (11.3/
mm? vs. 33.3/mm?, P = 0.112) and CD20" (18.1/mm? vs. 27.1/mm?,

TABLE 1 Comparison of histological

Pvalue variables between iCCA and HCC

iCCAvs. HCC

<0.001
0.002

<0.001
<0.001

Abbreviations: CK7, cytokeratin-7; GPC3, glypican-3; HCC, hepatocellular carcinoma; iCCA,

intrahepatic cholangiocarcinoma.

C-com H-com
Variables n=23 n=23
Area proportion
Stroma tissue, %, median, [range] 41.2 13.7 [2.9-78.8]
[10.1-65.6]
Tumor tissue, %, median, [range] 55.9 86.3
[34.4-89.4] [21.2-97.1]
Area positive for multiple fluorescent immunostaining
CK7, %, median, [range] 75.6 [0.3-99.9] 18.1[0-99.0]

GPC3, %, median, [range] 4.9 [0-59.4]

40.7 [0.6-91.9]

TABLE 2 Comparison of histological

Pvalue variables between C-com and H-com

C-com vs. H-com

<0.001

<0.001

0.038
0.005

Abbreviations: C-com, iCCA component of combined hepatocellular-cholangiocarcinoma;

CK?7, cytokeratin-7; GPC3, glypican-3; H-com, HCC component of combined

hepatocellular-cholangiocarcinoma.
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P =0.990). The proportion of the area characterized by PD-L1 positiv-
ity (24.3% vs. 4.4%, P = 0.003) was higher in iCCA than that in HCC.
The density of CD3" cells in the tumor tissue of C-com tended to
be higher than that in iCCA (C-com vs. iCCA, 22.8/mm? vs. 44.6/mm?,
P =0.087). The density of CD1637CD204" cells in the tumor tissue of
both C-com and H-com was lower than that in HCC (C-com vs. HCC,
144.5/mm? vs. 545.2/mm?, P = 0.009; H-com vs. HCC, 241.7/mm?
vs. 545.2/mm?, P = 0.024). C-com and H-com showed no significant

Based on the immunological variables of C-com, the distribution
of each patient is shown on the heat map associated with dendro-
grams by hierarchical clustering based on Ward's method (Figure 2).
Although some cases exhibited differences in immunological features
between C-com and H-com, almost all cases showed similar trends
in immunological features between these components. HCC cases
tended to have more immune-related cells than iCCA, C-com, and H-
com tissues. In contrast, some iCCA cases showed fewer lymphocytes
compared to in C-com and H-com tissue.

Visualization of immunological variables
among iCCA, HCC, C-com, and H-com using t-

Figure 3 shows the t-SNE plots of immunological variables among
iCCA, HCC, C-com, and H-com (Figure 3A). HCC was distributed sep-
arately from iCCA. C-com and H-com were distributed randomly. In
cluster analysis using the k-NN parameter, all samples were catego-
rized into two clusters, clusters O and 1 (Figure 3B). Table 4 shows a
comparison of immunological variables in clusters O and 1. Cluster O
contained more infiltrating immune-related cells in all evaluated areas
of the whole tissue, stroma tissue, and tumor tissue than those in clus-
ter 1, and the proportion of the area characterized by PD-L1 positivity
was higher in cluster 0 (12.5% vs. 7.6%, P < 0.040). Heat maps and
violin plots of immunological variables in clusters O and 1 are shown in
Figures 4 and S4, respectively.

The t-SNE plot of each group is shown in Figure 3C. HCC was
identified more frequently in cluster O compared to iCCA (82.6% vs.
34.8%, P = 0.001). Twelve of the 23 H-com and eight of 23 C-com
were identified in cluster O; no significant difference was observed in
the distribution between H-com and C-com (H-com vs. C-com, 52.2%
vs. 34.8%, P = 0.234). Thirteen of the 23 cHCC-CCA (56.5%) were
identified as cluster O in C-com and/or H-Com, and seven (30.4%)
were identified as cluster O in both C-com and H-com. Cases with
cluster O in C-com had more cases in which H-com was identified as
cluster O than cases with cluster 1 in C-com (cluster O vs. cluster 1,
87.5% vs. 12.5%, P = 0.013).

cHCC-CCA is a heterogeneous tumor that was first reported in
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H&E staining with immunohistochemistry used as an adjunct.®?”

Our previous study showed that GPC3 and CK7 are pathological
markers for H-com and C-com, respectively.?®73° In this study, we
also defined the tissue components of cHCC-CCA as C-com and
H-com, and then compared the various tissue features of these
components. As expected, C-com and H-com exhibited histological
characteristics and immunohistochemistry findings similar to those
of iCCA and HCC, respectively (Tables 1 and 2).

Next, we evaluated the TIME of C-com, H-com, HCC, and iCCA
through multiple comparison analysis (Tables 3 and S4). HCC had
more CD3™ cells and lower PD-L1 expression compared to iCCA in
the tumor tissue, suggesting that the TIME is more active in HCC than
in iCCA. We speculated that these results may be related to the fact
that immunotherapy against iCCA is not as effective against HCC. In
cHCC-iCCA, although some patients showed different immunolog-
ical features between each component, we observed no significant
differences in immunological features between H-com and C-com
(Tables 3 and S4, and Figure 2). A previous report suggested that
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FIGURE 2 Heat map analysis

of immunological variables among
intrahepatic cholangiocarcinoma (iCCA),
hepatocellular carcinoma (HCC), iCCA
component of combined hepatocellular
cholangiocarcinoma (cHCC-CCA)
(C-com), and HCC component of
cHCC-CCA (H-com). The patients and
immunological variables comprised the
vertical and horizontal axes, respectively.
Immunological variables and patients in
H-com were arranged in the same order
as C-com. Patients with HCC and iCCA
were matched one-to-one with the C-
com of cHCC-CCA, respectively, and are
displayed on the vertical axis
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H-com and C-com in cHCC-CCA have different immune microenvi-
ronments, with more CD3* and CD8™ cells observed in H-com than
in C-com.3! The differences between our results and the previous
report may be related to the small number of cases, the fact that as
many as 82.6% of cases were a mixed type, and the analysis of statis-
tical significance using multiple comparison tests. These results sug-
gest that the infiltration of immune cells is related to some intrinsic
features of cHCC-CCA, including tumor antigenicity, rather than the
histological characteristics of the tumor tissue. In the comparison of
HCC, C-com, and H-com, the density of CD163*CD204" cells, known
as tumor-associated macrophages (TAMs) of the immunosuppressive
cells,*2% was lower in C-com and H-com than in HCC (Tables 3 and
S4). In the comparison of iCCA, C-com, and H-com, C-com tended to
have more CD3" cells than iCCA. Moreover, some cases in C-com and
H-com had more lymphocytes than in iCCA. Thus, C-com and H-com
may have distinct TIME in both HCC and iCCA.

Visualization of the immunological features of the TIME in each
case revealed that the distribution of iCCA greatly differed from that



YAGI €T AL. - 7
Cancer Science gi4i®4
(A) (B) 5.0 "
® &
> @ ... P ®e ¢ ® 0‘ 1
% Lo 2 iCCA (n=23) o * 8 g  Cluster 0 (n=47)
ALY ® C-com (n=23) T Se ® ® Cluster 1 (n=45)
: e ° ® H-com (n=23) 25 ®
2.51 'Y @ HCC (n=23) & O
~ @ o
o ® @
oe® . Lo, » * o * o' ® .
Y ® ee,® P4 : ®
S e 0.0 @
0.0 o~ s @
«~ e & ¢ { LI ® ®
w' ‘e e 4, * 8 a . .
Z g (7] o e ® =Y
) @ * ® <) ® ed
e ® ® I 4 @ e
25 @ [ -25 P L Y
5 & ] )
- @
@
) : L o
d -5.0 ®
50 . hd e® o
@ @
@ <)
'y * * e o
4 0 4 4 0 4
tSNE_1 tSNE_1
P=0.001"
J P=1.000 P=0.234 P=0.028" ‘
I L] 1l 1
iCCA C-com H-com HCC
(C)  Cluster 0; n=8 (34.8%) Cluster 0; n=8 (34.8%) Cluster 0; n=12 (52.2%) Cluster 0; n=19 (82.6%)
Cluster 1; n=15 (65.2%) Cluster 1; n=15 (65.2%) Cluster 1; n=11 (47.8%) Cluster 1; n=4 (17.4%)
50 L]
® ° * ] ° @
¢ * e [ ] ® =
.. . .‘ L . o * °
* ® @
25 *
®
L] ®
* . P ¢
[ ] ® % * . ® o‘ = . * :.
*
" 00 ° . ® °
%' . = >, ®
e @ . e ®
¢ ° « 9
25 ® ® @
L <
*
L 4
» ® @
50 .. & @
<
@
@ . ®
4 0 4 4 0 4 4 [ 4 4 [} 4

SNE_1

@ Cluster 0 (n=47)
# Cluster 1 (n=45)

FIGURE 3 Scatter plot created from t-distributed stochastic neighbor embedding (t-SNE) of immunological variables among intrahepatic
cholangiocarcinoma (iCCA), hepatocellular carcinoma (HCC), iCCA component of combined hepatocellular cholangiocarcinoma (cHCC-CCA)
(C-com), and HCC component of cHCC-CCA (H-com). (A) Scatter plot using t-SNE and clustering using immune features. iCCA, HCC, C-com,
and H-com are color-coded by group. (B) Clustering using the k-nearest neighbor parameter and searching for a common cluster. (C) iCCA,
HCC, C-com, and H-com were defined as two groups: cluster O (n = 47) and cluster 1 (n = 45). t-SNE plot of each group

of HCC. In contrast, C-com and H-com were distributed randomly
(Figure 3A). We cross-sectionally evaluated the immune microenvi-
ronment of C-com, H-com, HCC, and iCCA via cluster analysis of all
patients and identified two clusters, cluster O and 1, based on the

immunological features (Figure 3B,C). Moreover, some patients with
cHCC-CCA belonging to cluster O showed more active infiltration
of lymphocytes. The concept of hot and cold tumors has become
widely accepted in the field of immuno-oncology. Hot tumors are
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TABLE 4 Comparison of immunological

Cluster 0 Cluster 1 X X .
Variables ne 47 =45 Pvalue variables between patients in cluster O
and cluster 1
CD3*
Whole, cells/mm?, median [range] 228.5[33.7-1629.5] 85.9 [20.1-514.8] <0.001
Stroma, cells/mm?, median [range] 1174.6 339.3 <0.001
[114.7-4954.9] [71.6-1114.7]
Tumor, cells/mm?, median [range] 101.9 [2.3-735.4] 22.8[2.5-199.0] <0.001
CD3*CD4*
Whole, cells/mm?, median [range] 104.0 [10.1-646.6] 38.2[5.8-235.1] <0.001
Stroma, cells/mm?, median [range] 591.7 [44.6-3535.9] 157.7 [12.4-621.6] <0.001
Tumor, cells/mm?, median [range] 46.8[1.6-343.9] 8.9 [0.4-67.8] <0.001
CD3*CD8*
Whole, cells/mm?, median [range] 115.5[13.7-1162.2] 42.8[12.6-279.6] <0.001
Stroma, cells/mm?, median [range] 541.9 [47.2-1974.3] 175.5 [38.8-520.5] <0.001
Tumor, cells/mm?, median [range] 54.8 [0.7-585.4] 9.4[0.5-131.2] <0.001
CD20*
Whole, cells/mm?, median [range] 40.8 [2.5-494.4] 24.4[0.2-261.3] 0.040
Stroma, cells/mm?, median [range] 120.0 [0-2196.9] 27.7 [0-322.1] <0.001
Tumor, cells/mm?, median [range] 25.2[1.9-271.4] 20.9 [0-297.5] 0.363
CD163*CD204"
Whole, cells/mm?, median [range] 603.9 [75.5-1990.6] 194.2 [37.3-513.2] <0.001
Stroma, cells/mm?, median [range] 1277.2 379.9 <0.001
[304.7-3748.8] [81.0-1651.1]
Tumor, cells/mm?, median [range] 545.2 [64.6-1483.7] 123.1[13.4-462.6] <0.001
PD-L1 positivity %, median [range] 12.5[0-94.5] 7.6 [0.2-60.0] 0.040
PD-L1 high cellin CD163"CD204*
Whole, %, median [range] 10.3 [0-87.6] 2.7 [0-27.9] <0.001
Stroma, %, median [range] 10.9 [0-89.4] 1.5[0-29.2] <0.001
Tumor, %, median [range] 10.1 [0-87.5] 3.9 [0-34.4] 0.004

Note: Clusters O and 1 were defined by the Seurat package in the R environment.

Abbreviation: PD-L1, programmed cell death ligand 1.

recognized as inflammatory tumors with abundant immune-related
cells, whereas cold tumors lack immune-related cells.®* Similar to
hot tumors, cluster O formed a population with abundant immune-
related cells; TAMs, CD3%, and CD8* T cells were the main markers
in this cluster (Table 4, and Figures 4 and S4). Recently, the combina-
tion of atezolizumab (anti-PD-L1 antibody) and bevacizumab (anti-
vascular endothelial growth factor antibody) has been approved for
unresectable HCC. Anti-PD-L1 antibody binds to the PD-L1 antigen
on the surface of both cancerous and TAMs and inhibits the PD-L1/
PD-1 and PD-L1/CD80 pathways, resulting in reactivation of anti-
tumor immunity by T lymphocytes.®>3¢ Therefore, anti-PD-L1 anti-
body may be effective in patients in cluster O with T lymphocytes,
TAMs, and TAMs with high PD-L1 expression. In the present study,
among the 23 patients with cHCC-CCA, 34.8% of those in C-com and
52.2% of those in H-com were classified into cluster O, respectively.
Similar to the finding of no significant difference between C-com and
H-com in the multiple comparisons of immunological characteristics,
there was no significant difference in the distribution of the clusters.
As expected, cases with high immune cell infiltration in C-com also
showed high immune cell infiltration in H-com (Figure 2), and seven

cases (30.4%) were classified as cluster 0, both C-com and H-com.
In addition, 34.8% of cases with iCCA were also classified in this
cluster, suggesting that components with abundant immune-related
cells were also present within iCCA. Contrastingly, since cluster 1
comprised cold tumors with a few lymphocytes, immunotherapies
such as adoptive cell transfer of T cells might be proposed.lg'14

The immunogenicity of tumors is associated with genetic muta-
tions.®” Mutations in TP53 and CTNNB1, which are common in HCC,
and the IDH1 mutation, which is common in iCCA, are also reported
to be associated with the immune microenvironment.3%38-42 To
examine the relationship among TIME analyzed by MFIH and the
characteristics of genetic mutations and the transcriptome in tumor
tissue, we also collected other cases prospectively. Unfortunately,
we have not yet determined key factors to be able to discuss the
biological significance of clusters from MFIH using these genetic
analyses with this prospective cohort (Figure S5). We believe that
this is mainly due to the following reason: it is difficult to stratify
the immunological status of each component by genetic analyses
with bulk tissue samples, especially in a mixed type of cHCC-iCCA.
Immunohistochemistry can be used simultaneously to identify the
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FIGURE 4 Heat map analysis of variables in each patient distributed on clusters 0 and 1. The heat map was created using Seurat in R
package. Each patient and variable are shown on the horizontal and vertical axes, respectively. Variable expression was normalized and then
natural-log transformed using log1p. Asterisks (*) indicate the top five variables contributing to partitioning between clusters

distribution of each immune-related cell based on characteristics
such as tissue morphology, tumor markers, tumor, and stromal re-
gions. MFIH also enables the evaluation of multiple markers and as-
sessment of the complex function of immune cells in the same tissue
section. We expect that MFIH will facilitate the comprehensive un-
derstanding of TIME.

The present study had some limitations. First, the virological
status between patients with iCCA and cHCC-CCA could not be
matched because almost all the iCCA patients did not have hepatitis
virus infections. Considering viral infection is essential information
that should be examined in the TIME, we compared TIME between
two groups divided based on the presence or absence of viral in-
fection. Although the number of lymphocytes in the virus-infected
group was higher than that in the noninfected group, the distribu-
tions of the identified clusters did not differ based on the presence
or absence of the virus (Figures S6 and S7). It was speculated that
the comprehensive evaluation of TIME via cluster analysis using the
k-NN parameter with multiple variables from MFIH, including not
only lymphocyte infiltration but also PD-L1 expression and TAM
activation, identified hot tumors independent of viral infection.
Furthermore, accurate prognostic analysis was challenging because
the cohort of patients in the present study was small due to the rarity
of the disease, and some patients underwent repeat hepatectomy or
volume reduction surgery. Although Figure S8 shows that cluster O
tends to have better prognosis than cluster 1, further studies based
on large cohorts at multiple centers, as well as prospective studies,
are required to further explore the clinical or research implications
of the conclusions of the clustering analysis in the present study.

In conclusion, we could determine the composition of the
TIME of cHCC-iCCA using an index for HCC, a carcinoma for
which immunotherapy is currently being introduced, and an index
of iCCA, a carcinoma for which there are only a few effective
immunotherapies. Considering most of the cHCC-iCCA in the
present cohort were the mixed type, the boundaries of the tissue
regions were very unclear under macroscopy. Approaches such as
omics analysis with entire tissue were difficult, therefore we per-
formed an MFIH assay, which is more suitable for the analyzing
the TIME of each tissue region clearly. We found no significant
differences in immunological features in almost all patients with
cHCC-CCA, despite the fact that cHCC-CCA is a heterogeneous
tumor comprising C-com and H-com. Comparison of the TIME in
C-com and H-com with that in iCCA revealed no significant dif-
ference; however, some C-com and H-com cases tended to have
more T lymphocytes compared to iCCA. C-com and H-com had
fewer TAMs than HCC. Moreover, in cluster analysis based on
various immunological features of cHCC-CCA, components with
abundant immune-related cells that may be the rationale for im-
munotherapy indication were identified in cHCC-CCA. Such an
approach could facilitate the development of precision medicine
for immunotherapy in future.
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