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Background. High-grade serous carcinoma (HGSC) is often associated with ascites at presentation. Our objective
was to quantify immune cells (ICs) in ascites prior fo any treatment was given and evaluate their impact on progres-
sion-free survival (PFS) and overall survival (OS).

Patients and methods. Forty-seven patients with primary HGSC and ascites were included. Flow-cytometric
analysis was performed to detect percentages of CD3* T cells (CD4*, CD8*, Tregs, and NKT cells), B cells, NK cells
(CD562enCD16- and CD569mCD16* subsets), macrophages and dendritic cells (DCs). Furthermore, CD103 expression
was analyzed on T cells and their subsets, while PD-1 and PD-L1 expression on all ICs. Cut-off of low and high percent-
ages of ICs was determined by the median of variables, and correlation with PFS and OS was calculated.

Results. CD3* cells were the predominant ICs (median 51%), while the presence of other ICs was much lower (me-
dian <10%). CD103* expression was mostly present on CD8*, and not CD4* cells. PD-1 was mainly expressed on CD3* T
cells (median 20%), lower expression was observed on other ICs (median <10%). PD-L1 expression was not detected.
High percentages of CD103*CD3* T cells, PD-1* Tregs, CD56>9""CD16- NK cells, and DCs correlated with prolonged
PFS and OS, while high percentages of CD8* cells, macrophages, and PD-1*CD56PshCD16- NK cells, along with low
percentages of CD4* cells, correlated with better OS only. DCs were the only independent prognostic marker among
allICs.

Conclusions. Our results highlight the potential of ascites tumor-immune microenvironment to provide additional
prognostic information for HGSC patients. However, a larger patient cohort and longer follow-up are needed to
confirm our findings.
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Introduction tries and the sixth leading cause of cancer-related

deaths among women.! High-grade serous car-
Ovarian carcinoma is a gynecological malignancy  cinoma (HGSC) is the most common and aggres-
with the highest mortality rate in Western coun-  sive histological type. Lack of symptoms and ad-
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equate screening methods usually result in de-
layed diagnosis and advanced stage with less than
40% of a 5-year survival rate for HGSC patients.?
Cytoreductive surgery combined with carboplatin/
paclitaxel chemotherapy (with or without bevaci-
zumab) is still the standard treatment approach.?
Despite the good overall response, 70% of the pa-
tients experience relapse or develop metastatic
disease and resistance. Unfortunately, no signifi-
cant improvement has been achieved in the last
three decades, except for BRCA1/2 mutated tumors
where poly-ADP-ribose polymerase (PARP) inhibi-
tors slightly shifted the care paradigm for ovarian
carcinoma.* However, accumulating evidence is
showing that tumor-immune microenvironment
(TME) in ovarian carcinoma can open the door
for the discovery of new prognostic markers and
the development of immunotherapeutic treatment
approaches. For instance, the presence of tumor-
infiltrating CD3* T cells in the primary tumor
positively correlates with progression-free survival
(PFS) and overall survival (OS) of ovarian carcino-
ma patients, as does high CD8/CD4 ratio.> Strong
association with better OS was also seen on CD3*
T cells expressing CD103 tissue resident marker,®
while infiltration of regulatory T cells has an oppo-
site impact, and the contribution of B cells remains
undefined.” Cells from innate immunity, such as
natural killer (NK) cells, dendritic cells (DCs), and
macrophages contribute to improved outcomes,
except for macrophage subsets that polarize from
tumor-inhibiting (M1) to tumor-promoting (M2)
phenotype and are associated with disease pro-
gression.® Moreover, increased expression of PD-1
and PD-L1 is one of the inhibition mechanisms of
anti-tumor response by induction of peripheral tol-
erance, and TME has a significant role in its activa-
tion.” Several studies have examined the feasibility
of using PD-1 and PD-L1 to serve as prognostic bio-
markers for ovarian carcinoma, although their role
is still controversial.

Ascites is the most common sign of advanced
ovarian carcinoma. Over the last years, studies
have demonstrated that ascites contains almost the
same immune cells (ICs) and extracellular compo-
nents as the primary tumor.2%!! However, there is
a lack of quantitative data about the percentages of
ICs in ascites and data on their clinical importance.
Moreover, the role of immune checkpoints is also
poorly described. Our objective was to quantitate
ICs in HGSC ascites at disease presentation, assess
the expression of PD-1 and PD-L1 on ICs, and inves-
tigate their prognostic significance for PFS and OS.
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Patients and methods
Patients

Patients diagnosed with primary HGSC be-
tween January 2019 and May 2021 at the Institute
of Oncology Ljubljana (IOL) and/or University
Medical Centre Ljubljana were included in the
study. The inclusion criteria were as follows: age
> 18 years, WHO performance status from 0-1,
histologically confirmed HGSC, International
Federation of Gynecology and Obstetrics (FIGO)
stage > IIIB, presence of malignant ascites, and in-
dication for first-line systemic treatment with plati-
num agents. All patients received standard chemo-
therapy treatment. The study was approved by the
National Ethics Committee in Ljubljana, Slovenia
(0120-33/303/2018/3 and 0120-33/303/2018/6). All pa-
tients signed informed consent before inclusion in
the study. The study was conducted in accordance
with the Helsinki Declaration and Good Clinical
Practice.

Study design

Ascites samples were collected at disease presen-
tation, specifically during laparoscopy or laparot-
omy before the tumor biopsy was performed and
any treatment was initiated, and were immediate-
ly sent to the Department of Cytopathology, IOL,
where were processed as previously described
by our group.!? Aliquots of ascites were prepared
for flow-cytometric analysis. Percentages of T
cells, B cells, NK cells, macrophages, and DCs,
and expression of CD103, PD-1, and PD-L1 were
analyzed. Their correlation with patient’s PFS
and OS was calculated. Survival analysis was
based on a 3-year patient follow-up. Clinical data
were obtained from patient’s electronic medical
record. Treatment characteristics such as type of
surgery, residual disease after surgery, chemo-
therapy, treatment with bevacizumab or olapa-
rib, and quantity of ICs in the ascites were also
analyzed and further correlated with PFS and OS.
Surgery was defined as primary (first treatment
procedure), secondary (interval surgery after neo-
adjuvant chemotherapy was possible), or no sur-
gery (interval surgery after neoadjuvant therapy
was not possible because the tumor was still in-
operable). Residual disease after primary or in-
terval surgery was defined as no residual tumor,
residual tumor < 1 ¢m, or residual tumor > 1 cm.
Chemotherapy was defined neoadjuvant (before
surgery), or adjuvant (after surgery).



Miceska S et al. / Immune cells in the ascites of high-grade serous carcinoma

®

Gating for CD4”
and CDS™ T cells

Gating for CD3" T cells

g L

:
B 1%

o3

©

®

Gating for M1 and M2-like

Gating for macrophages macrophage subset

1

o !
................. i ‘

:
;
1
- | w4l
—— L T
g -

CD206

Gating for CD103"
T cell subsets

CD14 CD68
5
“ 3

D123

e e

C03/11b/14/16/19/20/34/56

Gating for Tregs

Gating for NKT cells

Gating for B cells

0 .
Y e e
(w] - ” -' « o

"1 iRl
PRORT =
!l
x | e ———

HLA-DR co19

49S

‘Gating for NK cells

Gating for PD-1 and PD-L1

PD-1

FIGURE 1. Gating strategy for immune cells in ascites. (A) CD3* T cells were gated on CD45*. (B) The depicted gate shows CD4* vs. CD8* subsets
gated on CD3* T cells and (C) CD103 expression on CD8*. The same gating strategy was applied for CD103 expression on CD4* (not shown). (D)
Gating representative for Tregs. The dot plot depicts CD4* cells discriminated according to CD127 and CD25 positivity. (E) NKT cells were gated
according to CD3 and CD56 positivity. (F) NK cells were gated according to CD16 and CD56 positivity. Two subsets were defined: CD5619"CD16-
and CD569mCD16*. (G) The dot plot depicts macrophages according to CD14 and CDé8 positivity (pre-gated on CD11b*CD45* cells). (H) M1-like
macrophages were defined as CD206- macrophages, and M2-like as CD206* macrophages. (I) DCs were gated per exclusion - as lineage-
negative cells (no expression of CD3/CD11b/CD14/CD16/CD19/CD20/CD34/CD56) and further discriminated by CD123 and HLA-DR positivity. (J) B
cells were gated as CD19* cells per CD45*. (K) PD-1 and PD-L1 positivity was detected on each cell population/subset.

Flow-cytometric analysis

Sample preparation for flow-cytometric measure-
ment was carried out as previously described by
our group.® Antibodies (Supplementary Table 1)
were divided into 5 test tubes according to the ana-
lyzed ICs (Supplementary Figure 1) and half a mil-
lion cells per 100 ul were put in each tube. Flow-
cytometric data was acquired with a 10-color BD
FACSCanto™ II Flow Cytometer and FACSDiva
8.0.2 software (BD Bioscience, USA). FSC files were
analyzed using FlowJo v10.8 1 (BD Biosciences,
USA). Different ICs were gated according to their
immunophenotype (Figure 1): T cells (CD3*), helper
T cell subset (CD4*), cytotoxic T cell subset (CDS8"),
regulatory T cell subset (Tregs; CD4*CD25*CD127%),
NKT cell subset (CD3*CD56%), B cells (CD19*), NK
cells (CD3-CD564mCD16* and CD3-CD56b"#"CD16
subsets), macrophages (CD11b*CD14*CD68*) and
their M1-like (CD2067) and M2-like (CD206%) sub-
sets, and DCs (lineage (CD3-CD11b-CD14-CD16
CD19-CD20-CD34-CD56 )HLADR'CD123*CD11c?).
Expression of CD103 was analyzed on CD3,
CD4, and CD8" T cells. Percentages of T cells, B
cells, NK cells, macrophages, and DCs were given

as a ratio per CD45*. Percentages of CD4*, CD§",
Tregs, and NKT cells were given as a percentage
of CD3*, while M1-like and M2-like macrophages
were given as a percentage per all macrophages.
Expression of PD-1 and PD-L1 was analyzed on
each IC population/subset separately.

Statistical analysis

Descriptive statistics was used to describe the ba-
sic features of the data. The median (range) was
calculated for each IC population/subset. Mann—
Whitney U and Kruskal-Wallis nonparametric
tests were used to compare if there were differenc-
es in the percentages of ICs, and PD-1 and PD-L1
expression levels among IC subsets and within dif-
ferent treatment characteristics. A cut-off value of
low and high percentages of ICs was determined
by the median of the variables. Kaplan Maier
method (with log-rank test) was used to evaluate
PFS and OS for treatment characteristics, as well
as PFS and OS for low and high percentages of ICs.
PFS was calculated as the time from diagnosis un-
til disease progression or death, and OS was calcu-
lated as the time from diagnosis to death. Hazard
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TABLE 1. Clinical characteristics of the patients included in
the study

Age at diagnosis (years)
Mean 64
Range 41-84

FIGO stage (N, %)

1]} 1(2)

nc 34(72)
IVA 7 (15)
IVB 5 (1)

Surgery (N, %)

Primary 11 (23)
Interval 23 (49)
No surgery (remained inoperable) 13 (28)

Residual disease after surgery (N, %)

No residual ftumor 19 (40)
Residual tumor <1 cm 12 (26)
Residual tumor > 1 cm 3 (6)

Chemotherapy (N, %)
Adjuvant 11 (23)
Neoadjuvant* 36 (77)
Bevacizumab (N, %)
No 31 (66)
Yes 16 (34)
Positive family history (N, %)
No 30 (64)
Yes 17 (36)

BRCAI1/2 mutation (N, %)

No 31 (66)
Yes 12 (26)
Unknown 4 (9)

Olaparib (N, %)
No 35 (74)
Yes 12 (26)

Disease progression

No 11 (23)

Yes 36 (47)
Death

No 24 (51)

Yes 23 (49)

*13 of these patients were inoperable andreceived only chemotherapy,
while the other 23 patients were operable and received adjuvant
chemotherapy as well
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ratio (HR) and 95% confidence interval (CI) were
calculated for both univariate and multivariate
analysis. Parameters that proved to be significant
in the univariate analysis were included in the
multivariate analysis. Median survival was ex-
pressed in months. P <0.05 was considered signifi-
cant. Statistical analysis was performed with IBM
SPSS v 28.0.1.0 (142) and GraphPad Prism 9 statistic
software.

Results
Patients and treatment characteristics

Forty-seven patients with histologically confirmed
HGSC and ascites were included in the study.
Ascites was collected at disease presentation and
prior to any treatment. The mean age of the pa-
tients was 64 years (range 41-84 years). Eleven
patients underwent primary surgery, resulting in
no residual tumor after surgery in 6/11 patients
and residual tumor < 1 cm in 5/11 patients. All 11
patients were then treated with adjuvant chemo-
therapy. Twenty-three patients underwent neoad-
juvant chemotherapy followed by interval surgery
and adjuvant chemotherapy. No residual tumor
was achieved in 13/23 patients, while residual tu-
mor < 1 cm and residual tumor > 1 cm were pre-
sent in 7/23 and 3/23 patients, respectively. The
remaining 13 patients were inoperable and were
treated only with chemotherapy. Furthermore,
16/47 patients were post-surgery treated with bev-
acizumab maintenance for 15 months or until dis-
ease progression, while 12/47 patients with known
BRCA1/2 mutation with olaparib maintenance for
24 months or until disease progression. In our
3-year follow-up analysis, 36/47 patients had dis-
ease progression, and 23/47 patients died (Table 1).

Patients, diagnosed with HGSC at age < 65
years had significantly better PFS and OS than
older patients (PES: p = 0.022, 22.6 vs. 13.1 months;
OS: p=10.002, 74.2 vs. 54.8 months). As expected,
patients diagnosed at FIGO stage III demonstrated
significantly better OS outcomes when compared
to patients diagnosed at FIGO stage IV (p = 0.026,
23.0 vs. 13.0 months). Furthermore, patients who
underwent surgery (primary or interval) and ad-
juvant chemotherapy had significantly better PFS
and OS than those with no surgery and neoadju-
vant chemotherapy (PFS: p < 0.001 and p =0.022;
OS: p < 0.001 and p = 0.039, respectively). There
was no difference in PFS and OS among the pa-
tients who underwent primary surgery and those
who underwent interval surgery. Treatment with
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TABLE 2. Univariate analysis of patient’s survival based on treatment characteristics

Progression-free survival Overall survival
HR (95% Cl) P-value HR (95% CI) P-value
Age at diagnosis (< 65 vs. > 65 years) 0.504 0.266-0.954 0.022 0.271 0.117-0.627 0.002
FIGO stage (il vs. IV) 1.331 0.691-2.566 0.381 0.312 0.112-0.872 0.026
Surgery <0.001 <0.001
no vs. primary 3.365 1.248-9.072 0.002 9.907 3.045-32.23 <0.001
no vs. interval 2.981 1.133-7.845 0.001 8.529 2.270-32.05 <0.001
primary vs. interval 0.570 0.253-1.282 0.192 0.605 0.186-1.973 0.239
Residual disease after surgery < 0.0001 <0.001
no residual tumor vs. < 1cm 0.764 0.314-1.858 0.538 0.189 0.045-0.799 0.020
no residual tumor vs. > 1cm 0.121 0.006-2.256 <0.001 0.066 0.003-1.408 <0.001
residual tumor < lcmvs. > 1cm 0.131 0.008-2.209 <0.001 0.131 0.009-1.988 <0.001
Chemotherapy (adjuvant vs. neoadjuvant) 0.358 0.177-0.725 0.022 0.307 0.129-0.732 0.039
Bevacizumab (no/yes) 0.979 0.500-1.917 0.950 4.280 1.888-9.703 0.003
BRCAT1/2 mutation (no vs. yes) 1.721 0.827-3.584 0.186 1.734 0.698-4.307 0.274
Olaparib (no vs. yes) 3.486 1.765-6.884 0.005 3.148 1.329-7.629 0.044

bevacizumab did not affect PFS (p = 0.950, medi- tion indicated significantly better PFS (p = 0.005,
an 20.4 vs. 14.2 months), but OS was prolonged (p = median 19.75 vs. 16.13 months) and OS (p = 0.044,
0.003, median 33 vs. 16 months). Treatment with  median 21.5 vs. 23 months) (Table 2, Figure 2).
olaparib for patients with known BRCA1/2 muta-

®

100 100+ 100+ pe0.000 100+
p<0.000 P<0.000 e 100
g e — = g -
g o0 _. 80+ 804 £ s E g
i § g : :
- -]
i“|[HE ] & i« = ]
® ] 3 0o ] H ° b
S 404 ° o a0 g T 40 5 404 T w0+
2 H S s < g 3
3 ° = . -] 5 k-
> 0 ° =
= 0o © 204 20 % % 2] = § 20
: = = L e
o T T 0~ o o 0=
€D3' CD4" CD8" Tregs NKT 03" D4+ (DS’ CoS6™™  COSE™ Macrophages M1 M2- DC B cells
16" (D16 e type
100+ 100 100+ 1009 o ° 100+
.049
80 80 20 80 p=0. 80
3 £ g £ £
.§ 60 £ co- -§ 60 § eo- '§ 01
3 . . 8 3 o 3 . 3
g g 3 . g g b4
5 a0 » 8 04 g a0 g owd . £ a0
3 - 3 z 2| -
° o =3 e e ° e
20~ 204 [ 20 ° 204
i ege %
| e
T T T ] T T T T T 0
CD3" CD4" CD8" Tregs NKT €D103" CD103" CD103" CD56°" (D56 Macrophages Ml M2- B cells
cD3" (D4" (D8’ CD16" D16 type type

FIGURE 3. Box plots showing median (range) and quartiles for (A) T cells, NK cells, macrophages, DCs, B cells, and their subsets in the ascites of HGSC
patients, and (B) the expression of PD-1 for each immune population/subset at disease presentation. CD3* T cells, NKT cells, CD56”sMCD16- and
CD569mCD16* NK cells, macrophages, DCs, and B cells are given as a percentage per all CD45* cells, while each subset is given as a percentage
per its main population.

Radiol Oncol 2023; 57(4): 493-506.



Miceska S et al. / Immune cells in the ascites of high-grade serous carcinoma

100 — 100 009
~ —
80 04
il
g 2 3
= s 8 g0 2,801
1 HE c —
- o ns lad
40 - S s 3 1
8 8 20,012 S, §
=
20 8 20 20+
0 °~$ﬁ 0-
No  Primary Interval No  Primary Interval
surgery surgeey  surgery surgery surgery  surgery
100 100 100
80 80 80
E 80 ™ £ g0 £ 60
- L "t - ————— =
K] . — 3 " 3
o 40 — & 40 — x40
ns z
z —
20 20 20
O H = D =
o o 0-

Neo Primary  Interval

No  Primary lnterval
surgery surgery  surgery

surgery  surgery  surgery

sea dad

s
—_—
i 1004
0046 —
L n

!

Ko Prmary Interval
sorgery  surgery  surgery

p=0.043

L
o
o
)
20+
- i r v
No  Primary laterval
surgery  surgery  surgery

€o8" T cells (%)
Tregs colls (%)

100 20+
B0 -
= = ¥
g £
s § 60~ - %
0.011 2 - L L 104
0.006 § 40+~ - ]
g Lo— 5
o

@
1

Ne  Primary lnterval Ko  Primary Interval
surgery surgery  surgeey turgery  furgery  surgery

499

Ko  Prmary Interval
surgery surgery  surgery

0,020
ni

<0.001

Ko  Prmary Interval
tutgery surgery  surgery

FIGURE 4. Box plots showing the median (range) and quartiles for the percentages of different immune cells at presentation and their association
with surgery type (no surgery vs. primary vs. interval) the patients were later assigned with.

Immune cells, and PD-1 and PD-L1
expression in the ascites at disease
presentation

CD3*, CD4*, and CD8* T cells were measured in as-
cites samples of all 47 patients. Due to the limited
number of cells in some samples, Tregs, NKT cells,
NK cells, B cells, macrophages, DCs, and CD103 ex-
pression were measured in 39 samples, and due to
the later inclusion of CD206 antibody in our study,
Ml-like and M2-like macrophages were analyzed
in only 15 samples. PD-1 and PD-L1 expression was
measured in 39 out of 47 samples (Supplementary
Table 2). The results of ICs (Figure 3 A) showed a
predominance of CD3* T cells in ascites, with a me-
dian percentage of 51% (range 6-86). In fact, the me-
dians of CD4* subsets and CD8* subsets were 52%
(range 30-83%) and 39% (range 14-63%), respective-
ly, with CD4* being significantly more abundant (p
< 0.001). The median frequency for Tregs was 6%
(range 2-17%). CD103 was expressed on CD3* T cells
(median 3%, range 1-34%). The majority of CD3* T
cells that expressed CD103* were CD8* (median 9%,
range 2-49%), while only a small minority of CD4*
showed expression of CD103 (p < 0.001, median 2%,
range 1-9%). We also examined the frequency of
NKT cells and NK cells. The median percentage of
NKT cells was 7% (range 1-39%) and of NK cells
6% (range 1-16). More precisely, 2% (range 1-16) of
the NK cells were CD564™CD16, and 4% (range

1-8) were CD568"CD16-. The median percentage
of macrophages was 5% (1-24%), 61% of them were
Ml-type (range 17-90%), and 24% (range 1-52%)
were M2-type. Ml-like macrophages were signifi-
cantly more abundant than M2-like macrophages
(p < 0.001). We also identified the presence of DCs
with a median frequency of 1% (range 1-7%) and
B cells with 5% (range 1-19%). Furthermore, PD-1
was mainly expressed on T cells, without signifi-
cant differences among CD4*, CD§8", and Treg sub-
sets. The median expression for all T cell subsets
was roughly 20%. Similar results were found for
CD103* positive T cells. Macrophages and DCs had
slightly lower PD-1 expression than T cells (median
< 10%). Significantly higher PD-1 expression was
observed on M2-like macrophages (median 24%,
range 1-52%) compared to MI-like macrophages
(p = 0.049; median 1%, range < 1-26%). NK cells and
B cells had the lowest expression of PD-1 (median <
2%) (Figure 3 B). We did not detect an expression of
PD-L1 in any of the analyzed ICs.

Immune cells and their association with
treatment characteristics

Furthermore, we aimed to determine if there are
differences in the percentages of ICs at disease
presentation that could be associated with treat-
ment characteristics of HGSC such as primary
operability (ability to perform primary surgery)

Radiol Oncol 2023; 57(4): 493-506.
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TABLE 3. Univariate analysis of patient’s survival based on the low/high percentages of immune cells in the ascites at disease presentatfion

Progression-free survival

Overall survival

HR (95% CI) P-value HR (95% CI) P-value
CD3* (low vs. high) 1.098 0.563-2.142 0.777 0.670 0.301-1.493 0.324
CD4* (low vs. high) 0.547 0.260-1.150 0.110 0.401 0.174-0.928 0.038
CD8* (low vs. high) 1.918 0.887-4.148 0.066 2.854 1.182-6.889 0.008
CD8/CD4 index (low vs. high) 1.076 0.560-2.069 0.820 2.973 1.304-6.780 0.010
Tregs (low vs. high) 0.856 0.412-1.778 0.677 0.807 0.324-2.006 0.649
CD103*CD3* (low vs. high) 2.152 1.050-4.408 0.017 3.234 1.365-7.661 0.009
CD103*CD4* (low vs. high) 0.515 0.232-1.147 0.108 0.816 0.328-2.031 0.661
CD103+CD8* (low vs. high) 1.984 0.899-4.379 0.085 1.744 0.706-4.309 0.245
NKT cells (low vs. high) 0.520 0.246-1.101 0.060 1.208 0.507-2.878 0.661
CD56Pr9"'CD16- NK cells (low vs. high) 2.111 1.013-4.396 0.044 2.903 1.304-6.464 0.016
CD569m14* NK cells (low vs. high) 1.399 0.694-2.820 0.362 1.851 0.756-4.533 0.157
Macrophages (low vs. high) 0.601 0.245-1.478 0.275 1.943 0.754-5.006 0.008
M1-like macrophages (low vs. high) 0.868 0.224-3.370 0.835 1.562 0.321-7.604 0.533
M2-like macrophages (low vs. high) 2.142 0.553-8.297 0.224 2.854 1.182-6.889 0.080
B cells (low vs. high) 1.161 0.560-2.450 0.686 0.464 0.188-1.141 0.102
DCs (low vs. high) 2.245 0.799-6.310 0.042 3.307 0.939-11.65 0.007

and residual disease after surgery. According to
the Kruskal-Wallis overall comparison, significant
differences among the three surgery subgroups
(no surgery, primary, and interval surgery) were
observed for NK cells (p = 0.014) and DCs (p =
0.003) with lower percentages of NK cells and DCs
in inoperable patients. However, according to the
pairwise comparison within the subgroups, in ad-
dition to the association with lower NK cells (p =
0.006) and DCs (p = 0.001), lower percentages of
CD103*CD3* T cells (p = 0.018), CD8* (p = 0.048),
and higher percentages of CD4* (p = 0.046) and
Treg (p = 0.032) were observed in the inoperable
patient group vs. primary surgery group (Figure 4).
When we compared the residual disease with per-
centages of ICs we observed an association with
significantly lower percentages of CD103* CD3* T
cells and DCs in the patients with more residual
tumor (Figure 5).

We also wanted to see if high and low percentag-
es of ICs correlate with PFS and OS. Patients strati-
fied by having high percentages of CD103*CD3*
T cells (p = 0.017, median 18.6 vs. 10.6 months),
CD56ie"CD16- NK cells (p = 0.044, median 17.2
vs. 12.8 months) and DCs (p = 0.042, median 17.8
vs. 9.5 months) were associated with significantly
better PFS compared to patients having low per-
centages of these ICs (Table 3, Figure 5 A). Also, a
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trend towards longer PFS was observed in patients
stratified by having low percentages of CD4*,
high percentages of CD8", and all macrophages
(Table 2, Supplementary Figure 2 A). For Tregs, B
cells, Ml-like and M2-like macrophage subsets,
CD564mCD16* NK subsets, and CD8/CD4 index, no
differences in PFS for patients stratified by having
high and low percentages were seen. We also ob-
served a significant association with better PFS for
patients with high PD-1 expression on Tregs (p =
0.044, median 18.2 vs. 12.0 months) (Figure 5 B),
and a trend towards better PFS for patients strati-
fied by having a low expression of PD-1 on NKT
(median 17.8 vs. 15.1 months) and high expression
of PD-1 on M2-like macrophages (median 17.2 vs.
14.2 months) (Supplementary Figure 1 B). PD-1 ex-
pression on the other ICs showed no difference be-
tween patients with low and high PD-1 expression
rates in the ascites.

We observed significantly longer OS in pa-
tients stratified by having high percentages of
CD103*CD3* T cells (p = 0.009, median 22.7 vs. 15.8
months), CD8" T cells (p = 0.008, median 27.3 vs.
15.3 months), CD56s0CD16- NK cells (p = 0.016,
median 22.2 vs. 17.2 months), macrophages (p =
0.008, median 22.7 vs. 17.7 months) and DCs (p =
0.007, median 26.5 vs. 16.4 months), and low per-
centages of CD4* T cells (p = 0.038, median 27.3
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FIGURE 5. Box plots showing the median (range) and quartiles for the percentages of different immune cells at presentation and their association
with residual disease after surgery (less (no and < 1cm) residual fumor vs. more (< 1 cm and inoperable) residual tumor).

vs. 16.5 months) compared to their counterparts.
Furthermore, patients with high CD8/CD4 in-
dex were associated with significantly longer OS
compared to patients with low CD8/CD4 index
(p = 0.010, median 30.0 vs. 16.5 months) (Table 3,
Figure 4 C). For other ICs, no significant correla-
tions with OS were observed. Furthermore, high
expression of PD-1 on Tregs (p = 0.003, median
29.4 vs. 14.6 months) and CD56&"CD16" cells (p =
0.044, median 22.2 vs. 10.6 months) showed signifi-
cantly better OS (Table 3, Figure 5 D). In addition,
a trend towards better OS was seen for patients
stratified by having low PD-1 expression on NKT
and high PD-1 expression on CD56¢™CD16* NK
cells and B cells (Supplementary Figure 3 B).

We also performed a multivariate analysis of
significant parameters among treatment charac-
teristics and IC populations affecting patient’s
survival. Considering the low number of patients
and presence of multiple subgroups in the clini-
cal parameters, multivariant analysis required
re-categorizing surgery type as either no vs. pri-
mary surgery, and residual disease after surgery
as either no and < 1 cm of residual tumor vs. re-
sidual tumor >1 cm and inoperable tumor, and no
more than five significant variables were chosen.
According to the results of multivariate analysis,
only residual tumor after surgery was identified
as an independent prognostic marker for both PFS
(p = 0.046) and OS (p < 0.001) among treatment

characteristics and DCs (low vs. high) as an inde-
pendent prognostic marker among ICs for PFS (p =
0.049) only (Table 4).

Discussion

HGSC is the most aggressive gynecological ma-
lignancy which is usually diagnosed at advanced
stages when the disease has already spread in the
peritoneum.* Ascites is therefore often the first
sign of the disease.’> We hypothesized that ICs in
ascites might be a promising source of novel prog-
nostic markers for HGSC. We assessed the pres-
ence of different ICs together with CD103, PD-1,
and PD-L1 expression levels and showed that per-
centages of cytotoxic ICs (CD8*, CD56rshCD16- NK
cells) as well as macrophages, might affect patient’s
survival. We also showed that DCs are independ-
ent prognostic marker for PFS of HGSC patients.
As expected, our results on clinical and treat-
ment characteristics of HGSC patients included
in the study aligned with the already published
data on the impact of age at diagnosis, FIGO stage,
surgery, residual disease, and chemotherapy and
maintenance therapy.>®* This data confirms the
adequacy of our analyzed patient cohort.
According to the evaluation of ICs in ascites,
our findings demonstrated that CD3* T cells (me-
dian 51%) are the predominant population in the
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TABLE 4. Multivariate analysis of the tfreatment characteristics and immune cells

Progression-free survival Overall survival

Variables included in the
multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value
Primary surgery (no vs. yes) 0.640 0.194-2.114 0.509 0.592 0.101-3.454 0.560
Residual disease after surgery
(no residual tumorand <1 cm _ _
0 o] foeer v S 1 @ 0.408 0.169-0.983 0.046 0.009 0.001-0.092 <0.001
residual tumor)
CD103*CD3* (low vs. high) 0.605 0.266-1.374 0.230 0.632 0.182-1.307 0.470
CD56bris"'CD16- NK cells B
(low vs. high) 1.707 0.683-4.265 0.252 NA NA NA
DCs (no vs. yes) 0.394 0.155-0.998 0.049 0.419 0.135-1.307 0.134
Macrophages (low vs. high) NA NA NA 0.592 0.101-3.545 0.560

NA = no available

ascites of HGSC patients (FIGO stage > IlI, ascites
collected before initiation of treatment), with CD4*
significantly more abundant than CD8", while the
amount of Tregs was low as well as the other ICs
investigated. Auer et al. reported higher percentag-
es of CD3* (median 80%) compared to our results,
with an equal ratio of CD4* and CD8"* subsets, and
higher percentages of NKT cells (median 15%).!
They did not specify patient’s FIGO stage and
when ascites was collected, which could explain
the difference in the results of our and their study.
However, the percentages of Tregs, NK cells, and B
cells in their study were in concordance with our
findings.! Similar percentages of CD4* and Tregs,
T cells, and DCs as in our study were reported in
other studies.?!® We detected low percentages of
macrophages (median 5%) in our series of ascites
samples; the majority of them were Ml-like. On
the contrary, Steitz et al. described roughly 70%
of macrophages, with equal ratios of both MI-
like and M2-like subsets. Unfortunately, they did
not describe disease progression by FIGO stage
and ascites collection time either.”” Therefore, we
speculate that lower percentages of macrophages
in our study might be related to the inclusion of
ascites samples from HGSC patients at the time of
diagnosis, and not later at disease progression.

In the literature, we have found some data
about percentages of ICs in HGSC ascites, but to
our knowledge, there was no data providing in-
formation about the association of ICs at disease
presentation and treatment assigned to the pa-
tients. Interestingly, in our study, we observed
higher percentages of CD103*, CD8*, Tregs, NK
cells, and DCs, and lower percentages of CD4*
cells in the ascites of patients with less tumor bur-
den that underwent primary surgery compared to
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inoperable patients, which due to the size of the
tumor were no eligible for surgery. These results
might indicate an association of the amount and
cell type of ICs in ascites at disease presentation
with the extent of the tumor burden. Furthermore,
we observed higher percentages of CD103* T cells
and DCs in patients who underwent interval sur-
gery compared to the inoperable group. This data
suggests the possibility of using these ICs to help
us predict which patients, after receiving neoad-
juvant chemotherapy, are likely to be eligible for
surgery later on and have a lower amount of re-
sidual tumor. However, a much larger patient co-
hort is needed to confirm these findings. And as
mentioned above, we have not found any similar
studies to compare our results with.

Furthermore, most of the research on the influ-
ence of ICs on HGSC patient’s survival is carried
out on primary tumor tissues, and very little is
known about the role of ICs in ascites. For instance,
it has been reported that T cells in primary tumors
improve the survival of HGSC patients. In fact,
CD8 cells correlated with improved survival, and
Tregs, as well as CD4* cells were seen as an indica-
tor of poor prognosis.’®” On the other hand, stud-
ies on T cells in ascites have failed to confirm this
correlation, even though a trend towards improved
survival in patients with low CD4* T cells was re-
ported.2 However, the ratio between CD8*and CD4*
T cells or even Tregs has been reported as a more
appropriate indicator of better OS.22 In our study,
similarly, we observed an association with signifi-
cantly longer OS for patients stratified by having
low CD4* and high CD8* T cells, and high CD8/
CD4 index compared with the patients stratified by
having high CD4* and low CD8* T cells, and also
a low CD8/CD4 index. Regarding NKT cells, data
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FIGURE 6. Kaplan-Meier curves for progression-free survival (PFS) and overall survival
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on their role in ovarian carcinoma survival is gen-
erally limited. According to our results, there was
not a significant correlation between NKT cells and
survival rate for patients stratified as having high
percentages of NKT cells. We also investigated the
role of CD103 on T cells in HGSC ascites. CD103 is
a subunit of the aE/B7 integrin that helps to retain
expressing cells on the epithelium.? CD103 has
been proposed as a marker of activated and tumor-
reactive CD8* T cells in ascites HGSC?? but no da-
ta correlated with survival was given. We showed
that CD103 was mostly expressed on CD8*, and not
on CD4* subsets, which was shown by us and by
two other studies.?*? Furthermore, patients strati-
fied by having high percentages of CD103*CD3* T
cells in HGSC ascites were associated with better
PFS and OS. CD103*CD3* T cells in ascites seem
to have the same potential of prognostic informa-
tion as reported for the CD103* tumor-infiltrated
T cells in the primary tumor?” and we speculate
that these cells in the ascites might be involved in
the improvement of the antitumor response in the
peritoneum. Of course, a larger patient cohort and
additional tests are needed to gain a more compre-
hensive understanding of the significance and role
of CD103*CD3* T cells in HGSC ascites.

The role of B cells regarding their contribution
to impaired antitumor immunity in HGSC has not
been investigated as much as the role of T cells.
However, there are few reports showing a trend
towards worse OS in patients with high infiltration
of B cells in ascites. These findings are consistent
with ours.?%? Interestingly, opposite findings have
been reported in primary tumors where a high
percentage of B cells correlated with favorable sur-
vival, indicating that more studies are needed to
estimate the role of B cells in ovarian tumors.3!

DCs in ascites have been poorly investigated.
Only one study described a trend of high per-
centages of DCs in HGSC ascites toward a better
survival outcome.? Similarly, we confirmed a sig-
nificant association between DCs and patient’s
survival. Consistently, patients stratified by hav-
ing high percentages of DCs were associated with
improved prognosis in the primary tumors as
well 332

NK cells have attracted attention due to their
ability to kill tumor cells without prior sensitiza-
tion. There is limited data on the contribution of
NK cell immunity to the clinical outcome of ovar-
ian carcinoma. Infiltration of NK cells in primary
tumors has shown a contradictory impact on sur-
vival outcomes in HGSC.* However, recently, one
study showed an association of high percentages
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of CD56* NK cells in ascites with better PFS and
OS.% Similarly, we showed the same association of
both CD56sMCD16- and CD564mCD16* NK cells
with the survival outcome in our patient cohort. It
is generally thought that CD568"*CD16~ NK cells
have a higher capacity for cytokine production
and have mainly proliferative potential, and on the
contrary, CD564™CD16* NK cells have weak cyto-
toxic activity,®3> which explains why we observed
significant results for CD568"*CD16- and only a
trend towards CD564mCD16*

Macrophages in ovarian ascites are gaining a
lot of attention in recent years, due to their plas-
ticity to switch from antitumor M1 to protumor
M2 phenotypes.® M?2-type macrophages have
been characterized by the expression of markers
such as the scavenger receptors CD206 or CD163.%
Published data is speculating that M2-type mac-
rophages are taking the main role in immune
suppression and angiogenesis promotion to sus-
tain tumor growth.%”3 Even though we identified
lower percentages of macrophages than report-
ed, we showed that patients stratified by having
higher percentages of Ml-like macrophages than
M2-like macrophages were associated with better
survival. We speculate that when the diagnosis is
given, even though the total macrophage count is
low, Ml-like macrophages are predominant and
are probably the ones contributing to a better out-
come. However, during disease progression, M2-
like macrophages outnumbered the M1 subset and
most probably contributed to tumor progression
and poor outcome of the disease.”

Immune tolerance is defined by the inability of
ICs to express immune checkpoints such as PD-1
and PD-L1. PD-1 receptor is an inhibitor of both
adaptive and innate immune responses and can be
expressed on CD8* T cells, CD4* T cells, and Tregs
in ovarian tumors, whereas PD-L1 is expressed on
activated T cells, tumor-infiltrating macrophages
or fibroblasts, contributing to tumor immune es-
cape.* However, the expression of PD-1 and PD-L1
in HGSC ascites and its correlation with survival
has not yet been fully investigated. In the present
study, we showed that PD-1 expression is present
in almost all ICs, except on NK cells and B cells
(less than 1%). We detected roughly 20% PD-1 ex-
pression on CD4*, CD8* T cells and Tregs. However,
Imai et al. reported 2x higher level of PD-1"*CD4* and
PD-1"CD8* cells in the ascites.*! Possible reasons for
this discrepancy might be the different PD-1 clone
selections for the analysis, as well as the diversi-
ty of the patient cohort. Imai ef al. performed the
analysis on different types of malignant epithelial
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ovarian carcinomas, and a few cases on borderline
and benign tumors. Similar to us, they did not find
a correlation between survival and PD-1 expres-
sion on CD4* and CD8* T cells. However, Sato et al.
found an association between CD8"* cells and PD-1
expression in advanced epithelial ovarian carci-
noma.? On the contrary, Pawtowska et al. demon-
strated an association of high percentages of both
PD-1'CD4* and PD-1'CD8* cells in ascites with
worse outcomes, indicating a negative regulation
of the anticancer immune response and exhaus-
tion of T cells in the ascites.*? Results on primary
ovarian tumors have also reported a correlation
of higher PD-1 expression on T cells with shorter
survival and worse prognosis.*>** For the other ICs
in ovarian carcinoma ascites, data on PD-1 expres-
sion and survival correlation is also missing. We
showed that high expression of PD-1 on Tregs and
CD56brishCD16- NK cells is associated with bet-
ter survival. We do not know how to interpret the
correlation of high PD-1 expression with better
instead of worse survival as expected. Additional
studies are necessary to clarify if PD-1 expression
on Tregs and CD568"*CD16- NK cells could be a
positive prognostic marker for patient survival.
We are also the first to confirm that PD-L1 is not
expressed on ICs in HGSC ascites, since we did not
find data on PD-L1 expression on ICs in ascites.
One study on primary tumors has found that al-
most 2/3 of the tumors had a low level of PD-L1
expression, mainly on ICs rather than tumor cells,
and the expression of PD-L1 was associated with
significantly worse prognosis,* indicating loca-
tion-dependent loss of expression of PD-L1 on ICs
in ascites.

Nevertheless, it is worth mentioning that all
published data on ovarian carcinoma also reports
results on low and high percentages of ICs in as-
cites in correlation with patient survival without
stratifying patients in subgroups according to
their treatment characteristics. This is due to the
low number of HGSC patients?1626272832 each re-
search group confronts, and also the reason why
we did not conduct that kind of analysis within the
treatment subgroups either. Yet, the multivariate
analysis indicated that residual tumor is the only
independent prognostic marker for PFS and OS,
and DCs are an independent prognostic marker for
PES only. We believe that multicentric studies on
large patient cohorts could give more accurate in-
formation on the prognostic meaning of DCs and
other ICs in the ascites.

In conclusion, we found that CD3* were the pre-
dominant cells in HGSC ascites at disease presen-

tation and showed that high levels of CD103*CD3*
T cells, CD5678"CD16° NK cells and DCs improve
both PFS and OS, whereas high levels of CD8,
CD8/CD4 index, macrophages, PD-1* Tregs and
PD-1"CD56PrightCD16- NK cells, and low levels of
CD4* improve OS only. We also confirmed that the
residual disease is the only clinical independent
prognostic marker for PFS and OS, and we showed
that DCs are the only ICs that might become an
independent prognostic marker for PFS. Data ob-
tained highlight the potential of ascites as a source
to provide additional prognostic information for
HGSC patients. However, a larger patient cohort
and longer follow-up are necessary to assess the
independent prognostic significance of ICs togeth-
er within different treatment characteristics.
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