W) Check for updates

Tumor
Biology

Original Article
Tumor Biology
November 2020: 1-10
Characterization of immunoreactivity Arcdlerevs gidenes
. . . . o o sagepub.com/journals-permissions
with whole-slide imaging and digital DO 10.1171101042832097 404
journals.sagepub.com/home/tub
analysis in high-grade serous ovarian ®SAGE
cancer

Tiina Jantti' ©, Satu Luhtala’, Johanna Mienpai'?
and Synnove Staff' >4

Abstract

Ovarian cancer is the most lethal of gynecological cancers with 5-year survival rate of ca. 45%. The most common histo-
logic subtype is high-grade serous carcinoma, which typically is presented with advanced stage and development of che-
moresistance. Therefore, new treatment options, including immunotherapies, are needed. Understanding the features of
the immune cell populations in the tumor microenvironment is essential for developing personalized treatments and
finding predictive biomarkers. Digital image analysis may enhance the accuracy and reliability of immune cell infiltration
assessment in the tumor microenvironment. The aim of this study was to characterize tumor microenvironment in a ret-
rospective cohort of high-grade serous carcinoma samples with whole-slide imaging and digital image analysis. Formalin-
fixed paraffin-embedded high-grade serous carcinoma tumor tissue samples (n = 67) were analyzed for six immunohisto-
chemical stainings: CD4, CD8, FoxP3, granzyme B, CDé8, and CD163. The stained sample slides were scanned into a
digital format and assessed using QuPath 0.1.2 and Image] software. Staining patterns were associated with clinicopatho-
logical data. The higher numbers of intraepithelial CD8+, CD 163+, and granzyme B+ immune cells were associated with
survival benefit when analyzed individually, while high levels of both CD8+ and granzyme B+ tumor-infiltrating lympho-
cytes were an independent prognostic factor in the Cox multivariate regression analysis (median progression-free sur-
vival; hazard ratio =0.287, p = 0.002). Specimens taken after administration of neoadjuvant chemotherapy presented with
lower FoxP3+ tumor-infiltrating lymphocyte density (Fisher’s exact test, p =0.013). However, none of the studied immu-
nomarkers was associated with overall survival or clinical factors. Tumors having high amount of both intraepithelial
CD8+ and granzyme B+ tumor-infiltrating lymphocytes showed better progression-free survival, possibly reflecting an
activated immune state in the tumor microenvironment. The combined positivity of CD8 and granzyme B warrants fur-
ther investigation with respect to predicting response to immune therapy. Neoadjuvant chemotherapy may have an effect
on the tumor microenvironment and therefore on the response to immuno-oncologic or chemotherapy treatments.
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Introduction

Ovarian cancer (OC) is the third most common and the
most lethal gynecological cancer.! High-grade serous
carcinoma (HGSC) is the most common histological
subtype, characterized by aggressive dissemination.*?
The standard treatment of OC is primary cytoreductive
(debulking) surgery (PDS), followed by platinum-based
combination chemotherapy with or without bevacizu-
mab.* % In some cases with advanced disease, neoadju-
vant chemotherapy (NACT) and interval debulking
surgery (IDS) may be considered.*”® The poor prog-
nosis in OC (5-year survival ca. 45%) is caused by late
diagnosis (67%—-75% at FIGO III-1V) due to lack of
specific symptoms and screening methods and by the
development of chemoresistance over cumulative treat-
ment lines.>* Most of the patients respond to primary
treatment.* However, nearly 80% of patients with
advanced disease will relapse and recurrence is mostly
incurable.* Despite the recent paradigm shift in front-
line OC treatment with poly ADP ribose polymerase
(PARP) inhibitors,” ! there is still urgent need for new
OC treatment options, including immunotherapies.
Immune cells and immunoregulatory molecules present
in the tumor microenvironment (TME) are involved
both in anti-tumor immune responses of the host and
in immunosuppressive mechanisms promoting cancer
progression.'>'* Understanding the nature and charac-
teristics of TME is essential for developing immuno-
oncological treatment options and discovering predic-
tive biomarkers for patient selection.'*™'*

Tumor-infiltrating lymphocytes (TILs) infiltrate to
the tumor epithelium (intraepithelial, ieTILs) or locate
at the peritumoral stroma (stromal, sTILs).!> Intra-
epithelial CD3+ TILs (T cells) have been associated
with improved patient outcome in OC.'*2! When asses-
sing the subsets of T cells, particularly CD8+ TILs
(cytotoxic T-lymphocytes, Tc or CTL),!72%*72¢ and, in
some studies, CD4+ TILs (T helper, Th)*> have been
associated with favorable prognosis. Activated CTLs
and natural killer (NK) cells eliminate cancer cells by
secreting cytolytic enzymes, including granzyme B.?’

FoxP3+ regulatory T cells (Tregs) may in turn sup-
press anti-tumor immunity.'> The reports of impact of
Tregs on prognosis of OC or other cancers have been
contradictory.'®1%-242830  Tymor-associated macro-
phages (TAMs) are further divided into M1 and M2
subtypes, of which M1 TAMs contribute to elimination
of cancer cells, whereas anti-inflammatory M2 type is
involved with tissue repair, angiogenesis and cancer
progression.’! There is no clear consensus on the role
of M1 and M2 type of TAMs in OC, but according to
available data, CD68+ (M1 and M2) TAM density
may not act as prognostic factor.'?-1:32734

In addition, administration of NACT may alter the
immune cell populations in TME. Although previously
considered immunosuppressive, NACT has more
recently been found to have anti-tumor immunity
enhancing effects.®>> However, results considering the
impact of NACT on the immune cells in OC TME and
the prognostic significance of post-NACT TILs have
been highly variable.?%->>-3%-36-37

Immune cell infiltration in OC has been studied
extensively, yet results considering the prognostic sig-
nificance of immune cells in the TME are highly vari-
able.!>!® Currently, there are no established cut-off
values or analyzing methods for assessment of TILs,
which may weaken the reproducibility of the studies.
The use of whole-slide imaging (WSI) and digital image
analysis (DIA) has been found to increase the reliability
and accuracy of assessment of immune cells when com-
pared to manual analysis and semi-quantitative
scales.*®* Therefore, this study focusing on HGSC
was set up to clarify, which immune cells or biomarkers
present in TME are associated with clinical outcome.
In this study, only intraepithelial immune infiltration
was analyzed, as previous studies state that intraepithe-
lial immune infiltration may have a stronger effect on
prognosis than stromal infiltration. For optimal accu-
racy, WSI and DIA were used in the analyses.

Materials and methods

Patients and samples

The study was carried out at the Tampere University
Hospital (TAUH) and the Faculty of Medicine and
Health Technology, University of Tampere, Tampere,
Finland. The study protocols have been approved by
the Regional FEthics Committee of the Expert
Responsibility area of Tampere University Hospital
(identification codes: ETL-R09108 and ETL-R11137).
All the study patients have provided a signed informed
consent.

The present retrospective study cohort is consisted
of tumor samples from two different cohorts of epithe-
lial ovarian cancer (EOC) patients who had undergone
PDS or IDS in TAUH during 2001-2009 and 2011—
2013. Patients were recruited to the study when they
were being treated with chemotherapy in either adju-
vant or recurrent setting (older surgery cohort of 2001—
2009) or when they have been scheduled for EOC sur-
gery (surgery cohort of 2011-2013). The morphological
and histological findings from the available and repre-
sentative archival surgical tumor specimens were
assessed by experienced pathologists at the Department
of Pathology of TAUH. Only samples from patients
with histologically verified high-grade OC were
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included in the final study cohort, which consisted of
67 high-grade OC samples having sufficient tumor tis-
sue content and technical quality for analyses.

Clinical, pathological, and follow-up data were col-
lected from the patient records. As the patients were
operated prior to 2014, the staging was adjusted to the
FIGO 2014 staging classification. Surgical outcome was
classified as following: RO = no macroscopic residual
tumor, R1 = residual tumor <1cm, and R2 = residual
tumor >1cm. Median age at diagnosis was 63 years
(range 38-78). Almost all patients (n = 64; 96%) had a
verified HGSC histology. Most of the patients (n = 60;
90%) presented with an advanced stage disease (FIGO
III/IV) with a median overall survival (OS) of
52 months (range 11-163) and progression-free survival
(PFS) of 16 months (range 5-124). The main clinico-
pathological characteristics of the study patients are
summarized in Table 1.

Immunohistochemical stainings and interpretation

The HGSC tissue samples were formalin-fixed and
paraffin-embedded (FFPE) prior to immunohistochem-
ical (IHC) stainings. FFPE samples were cut into 3—4
pwm thick sequential sections that were then baked,
deparaffinized and pretreated by boiling them in Tris-
EDTA buffer (pH 9) at +98°C for 15min for epitope
retrieval. THC stainings were performed by indirect
horseradish peroxidase (HRP)-based detection tech-
nique. Six THC stainings were performed: CD4, CDS8,
FoxP3, granzyme B, CD68, and CD163. The antibo-
dies, clones, and used dilutions are presented in Table
2. The tissue sections were counterstained with Mayer’s
hematoxylin (Oy FF-Chemicals Ab, Haukipudas,
Finland) to give contrast for positive staining reaction
visualized as brown diaminobenzidine (DAB) precipi-
tate. Staining protocols were carried out with
Autostainer 480 (Lab Vision, Fremont, CA, USA)
automated immunostainer.

The stained sample slides were scanned into a digital
format using the Hamamatsu NanoZoomer S60 Digital
Slide Scanner. The digital whole-slide images (WSIs)
were analyzed using QuPath 0.1.2 DIA software.*
Three hot spot areas of 1mm? tumor tissue were
selected from each slide by visual observation. The hot
spots were selected separately by an experienced cell
biologist (S.L.) and the first author (T.J.). The criteria
for selecting the hot spot areas were the presence of
maximum extent of immune cell infiltration in tumor
epithelium. As this study focuses on intraepithelial
immune infiltration, areas with a wide extent of stromal
tissue were excluded from the analyses. For CD4, CDS8,
FoxP3, and granzyme B stainings, the positively stained
intraepithelial immune cells in each 1 mm? area were
counted digitally using QuPath. In selected cases, the
cell counts were assessed both digitally by QuPath and

Table 1. Patient characteristics.

Total (n=67)
Patient cohort 2001-2009; n (%) 32 (47.8)
Patient cohort 2011-2013; n (%) 35(52.2)
Age at diagnosis (y); median (range) 63 (38-80)
Stage at diagnosis; n (%)
I (1.5)

IIA/IB 6 (9.0)

NA/IIB 3 (45)

nc 41 (61.2)

IVA/IVB 16 (23.9)
Grade; n (%)

1-2 0 (0.0

3 67 (100.0)
Histology; n (%)

Serous 63 (94.0)

Transitional cell I (1.5)

Other or undefined epithelial 3 (4.5)
Ca 12-5 prior to treatment (kU/l); median 719 (11-8909)
(range)
Ca 12-5 after treatment (kU/l); median 16 (5-904)
(range)
BRCA status; n (%)

Wild type 7 (10.4)

BRCAI 0 (0)

BRCA2 3 (45)

Not tested 57 (85.1)
Anti-inflammatory medication; n (%)

Yes 4 (6.0)

No 63 (94.0)
Other cancers, n (%)

Yes, breast 4 (6.0)

Yes, other than breast 4 (6.0)

No 59 (88.1)
Residual disease; n (%)

RO 16 (23.9)

RI 12 (17.9)

R2 39 (58.2)
First-line chemotherapy; n (%)

Paclitaxel-carboplatin 23 (34.3)

Paclitaxel-carboplatin-bevacizumab Il (16.4)

Paclitaxel-carboplatin, switched to 27 (40.3)

another platinum-based during first-line

treatment

Other platinum-based 6 (9.0)
First-line chemotherapy cycles; median 6 (4-18)
(range)
Neoadjuvant chemotherapy; n (%)

Yes 15 (22.4)
No 52 (77.6)
Overall survival (m); median (range) 52 (11-163)
Progression-free survival (m); median 16 (5-124)

(range)
Platinum-free interval (m); median (range) 10 (0-120)
Alive; n (%)
Yes 14 (20.9)
No 53 (79.1)
Recurrence; n (%)
Platinum sensitive (complete, 12 m) at 22 (32.8)
first recurrence
Platinum sensitive (partial, 6—12 m) at 16 (23.9)
first recurrence
Platinum resistant at first recurrence 21 (31.3)
No recurrence 8(11.9)

BRCA: breast cancer gene.
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Table 2. Antibodies used for immunohistochemical stainings.

Antibody Detectable cells Clone Host species Manufacturer Dilution

FoxP3 Tregs 236A/E7 Mouse mAb Abcam 1:100

Granzyme B Activated lymphocytes and NK cells BSR150 Rabbit mAb Nordic Biosite 1:300

CD4 Th BSR4 Rabbit mAb Nordic Biosite 1:300

CD8 Tc (CTL) BSR5 Rabbit mAb Nordic Biosite 1:200

CDé68 MI and M2 macrophages KPI Mouse mAb Zeta Corporation 1:1200

CDI63 M2 macrophages Ed-Hul Mouse mAb Bio-Rad 1:700

NK: natural killer; CTL: cytotoxic T-lymphocyte; mAb: monoclonal antibody.

manually by counting the cells of the I mm? area in  Table 3. Sample topography.

question. All manually revised cell counts were in line

with the results obtained by digital analyses. For CD68 Total (n=67)

and CDI163 stainings, the percentages of positively n %

stained area/l mm? tumor tissue on the hot spot areas

were analyzed. The hot spot areas were selected using Ovary 45 67.2

QuPath as described before, and the percentages of ~Fallopian tube , , 3 7.5
.- . Adnexa (not otherwise specified) 10 14.9

positively stained areas on the hot spots were calculated | jiarine serosa. tubal serosa | 15

using ImagelJ ! The mean cell count (FoxP3, granzyme  Omentum ' 2 3.0

B, CD4, and CDS8) or positively stained proportion Peritoneum I 1.5

(CD68 and CD163) of the three selected hot spots was ~ Sigmoid colon ' 1.5

Topography unknown 2 1.5

calculated for each image. The above-mentioned analy-
ses were performed separately by S.L. and T.J. The
mean of the obtained results was used for statistical
analyses. Any discrepancies between the analyses were
discussed until a consensus was achieved. The propor-
tions of tumor, stroma, and immune cells were assessed
from the representative hematoxylin and eosin stained
blocks using QuPath 0.2.1. These data are summarized
in Supplementary Table 1. Examples of digital analyses
are shown in Supplementary Figure 1.

Statistical analyses

Statistical analyses were performed using IBM SPSS
Statistics 25.0 software. PFS was defined as time from
diagnosis to the first recurrence. OS was defined as time
from diagnosis to death. Data were censored to the last
follow-up for patients who were alive and/or had no
recurrence at the time of data collection.
Kolmogorov—Smirnov test and Shapiro-Wilk test
were used for determining the normality of the variable
distributions. Medians of cell densities or positively
stained percentages/1 mm? tumor tissue were compared
between groups using Mann—Whitney U-test. Chi-
square test and Fisher’s exact test were used when com-
paring log-transformed cell densities or positively
stained proportions as dichotomous variables. Kaplan—
Meier method was used for analyzing cumulative sur-
vival, and differences in survival between groups were
compared by log-rank test. A cut-off value for cell den-
sities or positively stained percentages was set at the
lowest 10th percentile. In addition, cut-offs at first,

second, and third quartiles were tested. Hazard ratios
(HRs) and 95% confidence intervals (CIs) were ana-
lyzed by the Cox proportional hazards regression
model. Cell densities or positively stained proportions/
I mm® tumor tissue were log transformed when ana-
lyzed as continuous variables in regression models. Cell
densities that showed a significant correlation with sur-
vival in univariate Cox regression analysis were entered
to a multivariate analysis with known prognostic fac-
tors: size of residual tumor after surgery (RO or R1/
R2), NACT, and stage at diagnosis (FIGO I/II or III/
IV). p-value =<0.05 was considered statistically
significant.

Results

The final study cohort consisted of 67 high-grade OC
samples. The sample topography is presented in Table
3. Most of the analyzed samples originated from the
adnexa (89.6%). High individual variation in the den-
sities of CD4+ (02416 cells/mm?), CD8+ (1-4020
cells/mm?) and granzyme B+ cells (3-3028 cells/mm)
was observed. Median cell densities (CD4+, CD8+,
FoxP3+ and granzyme B+) or median percentages of
positively stained areas (CD68+ and CD163+) are
summarized in Table 4, and examples of immunostain-
ings are presented in Figure 1. A correlation between
prolonged median PFS (17.00 vs 9.00 months for all
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Figure . Examples of immunostaining patterns.

Granzyme B staining, low (five positive cells/mm?, (a)) and high (1312 positive cells/mm?, (b)); CD4 staining, low (four positive cellsfmm?, (c)) and high
(1438 positive cells/mm?, (d)); CD8 staining, low (two positive cells/mm?, (e)) and high (926 positive cells/mm?, (f)); CD68 staining, low (positively
stained area 4%, (g)) and high (positively stained area 25%, (h)); CD 163 staining, low (positively stained area 1%, (i)) and high (positively stained area
20%, (j)); and FoxP3 staining, high (207 positive cells/mm?, treatment naive, (k)) and low (seven positive cells/mm?, NACT treated, ).

comparisons) and higher combined CD8+ and gran-
zyme B+ (p = 0.003), granzyme B+ (p = 0.002), CD8+
(p = 0.018) and CD163+ (p = 0.004) cell densities was
observed in Kaplan—Meier analysis when the cut-off
was set at the 10th percentile (Figure 2). In addition,
the higher granzyme B cell density was correlated with
PFS when the cut-off was set at first quartile (97 cells/
mm?, PFS 14.00m vs 17.00m, p = 0.031). The higher
number of granzyme B+ cells was correlated with pro-
longed median PFS also in univariate Cox proportional
hazards regression (HR = 0.820, p = 0.032; Table 5)
but only the combined higher amount of both CD8+
and granzyme B+ cells (above 10th percentile) was cor-
related with prolonged median PFS both in univariate
(HR = 0.334, p=0.006) and multivariate (HR =
0.287, p = 0.002) Cox regression analysis (Table 5).
None of the studied immunomarkers was associated
with OS (data not shown) or with clinical factors (data
not shown).

Table 4. Cell densities (cells/mm?)? or positively stained
proportions (%)®/| mm? tumor tissue; median (range).

Median Range
FoxP3? 99 0-497
Granzyme B* 238 3-3028
CD#4* 180 0-2416
cDg? 328 1-4020
CDeé8° 12 2-43
CDI163° 10 0-35

Post-NACT tumor samples (n = 7) presented with
lower densities of FoxP3+ cells (Figure 1(k) and (1);
cut-off 10th percentile (9 cells/mm?), Fisher’s exact test,
p = 0.013). The median densities of CD4+ and gran-
zyme B+ TILs were more than 50% lower in post-
NACT samples, but the differences between groups
were not statistically significant (data not shown).
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Figure 2. Kaplan-Meier analyses: (a) granzyme B; cut-off |0th percentile (16 cells/mm?). Log-rank p =0.002. (b) CD8; cut-off |0th
percentile (28 cells/mm?). Log-rank p=0.018. (c) CD163; cut-off 10th percentile (3%/mm?). Log-rank p =0.004. (d) CD8; cut-off
10th percentile (28 cells/mm?) and granzyme B: cut-off 10th percentile (16 cells/mm?). Log-rank p =0.003.

Numbers of patients at the beginning of follow-up: (a), (b) and (c) low: 6, high: 61 and (d) low: 8, high: 59.

Table 5. Cox proportional hazards regression.

Univariate Multivariate
Exp (B) 95% ClI p Exp (B) 95% ClI p

NACT

No Reference Reference

Yes 2.682 1.447-4.973 0.002 2.275 1.438-5.165 0.002
Optimal cytoreduction

No (R1/R2) Reference Reference

Yes (RO) 0.409 0.209-0.798 0.009 0.369 0.183-0.744 0.005
Stage

| Reference Reference

v 3.588 1.111-11.590 0.033 2.045 0.606-6.900 0.249
Age 1.002 0.973-1.033 0.886
FoxP3 0.908 0.748-1.101 0.327
Granzyme B 0.820 0.684-0.984 0.032
CD4 0.993 0.855-1.154 0.932
CD8 0.934 0.794-1.098 0.406
CDeé8 0914 0.550-1.521 0.730
CDl63 0.719 0.475-1.088 0.118
CD8+ and granzyme B+

No Reference Reference

Yes 0.334 0.153-0.730 0.006 0.287 0.127-0.648 0.003
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Discussion

Here, we report the results of characterization of vari-
ous TME immunomarkers in a cohort of high-grade
serous OC patients. According to our results, combined
high intraepithelial CD8 and granzyme B expression
correlated with prolonged PFS. Granzyme B is consid-
ered as the most important cytolytic enzyme by which
activated NK cells and CD8+ TILs destroy tumor
cells.”” The prognostic benefit of CD8+ TILs has been
previously shown in many studies.!”2%**2® However,
the association of CD8+ TILs with improved survival
has not been systematically shown in OC throughout
all patient subgroups.?>*° The higher amount of posi-
tive, intraepithelial CD8 and granzyme B cells showed
statistical significance with longer PFS in multivariate
analysis in this study. This might imply that activated
NKs and CTLs or other TILs confer the immunogenic
phenotype associated with improved survival and that
the activation status of CTLs may be as important as
the cell density or even more important.*”** Previously,
Milne et al.' found that granzyme B infiltrates were
highly correlated with CD8+ TILs while the expression
of NK cell markers was low, indicating that granzyme
B is mostly expressed by T cells in the TME of HGSC,
and therefore, the combined positivity of both CDS§
and granzyme B may represent a surrogate marker of
activated immune state in the TME. Previously, there
has been relatively little data considering the granzyme
B expression, or simultaneous expression of CD8 and
granzyme B in the TME and OC prognosis, and there-
fore, the results reported here make a valuable addition
to the existing data. It has been shown that higher post-
chemotherapy granzyme B+/FoxP3+ cell ratio was
associated with better prognosis in HGSC.*® In addi-
tion, a trend toward a positive correlation between
granzyme B+ cells and PFS in both post-NACT?* and
treatment naive'® OC tumors has been reported.

Here intraepithelial CD4+ or FoxP3+ TILs were
not correlated with prognosis. The previous data have
been also contradictory with respect to CD4+ TILs
and prognosis.'”** The previous results concerning the
prognostic impact of FoxP3+ T cells are also vari-
able.!®1%242830 Ope explanation is that although
FoxP3+ TILs are considered immunosuppressive,
FoxP3+ TIL density has been found to be highly corre-
lated with other TIL densities, possibly reflecting a
strong overall T-cell-mediated immune response.'”
Intraepithelial CD68+ TAM density had no correlation
with prognosis in our study. Similarly, various previous
studies'®*'*?*  confirmed no correlation between
CD68+ TAMs and OC prognosis. We report here that
intraepithelial CD163+ TAMs (M2) were correlated
with longer PFS. When analyzing multiple histologic
types of OC, CD163+ macrophages have been associ-
ated with worse prognosis.>*>* However, in two studies

with only HGSC patients, controversially, CD163+
TAMs associated with neutral®® or even favorable?'
prognosis. Although current consensus is that M2
TAMSs are immunosuppressive and promote cancer
progression,’! the characterization of macrophages into
M1 and M2 types may be excessively simplified.?'

The results concerning post-NACT samples should
be interpreted with caution since the samples are not
sequential, and the number of samples was small.
However, WSI and DIA methodology confers reliabil-
ity and the results should not be therefore omitted. We
show here that intraepithelial FoxP3+ cell density was
significantly smaller in post-NACT samples compared
to treatment naive specimens. The densities of intrae-
pithelial CD4+ and granzyme B+ TILs were consider-
ably smaller in post-NACT samples, as well, but the
statistical power was insufficient to show statistical sig-
nificance. In two separate studies with paired HGSC
tumor samples, the density of FoxP3+ TILs remained
unchanged after NACT, while an increase in CD8+
and CD3+ TILs,*” or CD8+, CD4+ and granzyme B+
TILs* was observed. In an analysis of unpaired HGSC
samples, a decrease in CD3+ sTILs and a trend toward
higher ieTIL density post-NACT were observed.””
Overall, due to methodological differences (paired or
unpaired samples, different antibodies and scoring sys-
tems, WSI or tumor-array technology with tumor
punches, different histological subgroups), the results
concerning the effects of chemotherapy on TME have
been very diverse and high individual variation between
patients has been shown.?*?33%3%37 There has been
also discussion whether a true comparison between
pre- and post-NACT tumors can be performed, since
the tumor content or morphology changes tremen-
dously after chemotherapy.** However, NACT can
alter TME and therefore potentially affect the response
to both conventional chemotherapy and immune-
oncological therapies. Here, we show changes that can
be interpreted as both boosting immunity and silencing
it, and therefore, the changes on TME induced by
NACT represent an important subject of future studies.
Overall, the immune cell counts in post-NACT samples
tended to be smaller than in treatment naive specimens.
In addition, NACT and IDS were correlated with
shorter PFS and OS when compared to PDS and adju-
vant chemotherapy, possibly reflecting to that NACT
is administered to patients having an advanced, inoper-
able disease.

A strength of this study is the homogeneity of the
patient cohort: all patients had a high-grade carcinoma.
Almost all (96%) patients had HGSC and 90% pre-
sented with an advanced stage disease. In various previ-
ous studies, multiple histological subtypes have been
analyzed. As grade 2 tumors were previously consid-
ered as high grade, in some studies with mostly or



Tumor Biology

exclusively HGSC patients, the patient cohort has con-
sisted with both grade 2 and 3 tumors, enhancing the
heterogeneity.

The use of WSI and DIA increased the accuracy and
reliability of the results. Using QuPath*® and ImageJ*'
software, it was possible to scroll the WSI and compare
exact cell counts (CD4+, CD8+, FoxP3+ and gran-
zyme B+) and percentages of positively stained areas
(CD68+, CD163+) rather than use a semi-quantitative
scale for estimating the cell counts or the extent of the
staining. The use of DIA has been shown to increase
the accuracy of the assessment when compared with
the use of a semi-quantitative scale.’®* To our knowl-
edge, this report is one of the few studies using WSI
and DIA in a cohort of HGSC in assessment of TME
content. In addition, methods presented in this study
could be applicable for clinical diagnostics.

Our study has also limitations. First, the patient
cohort was rather small (n = 67). The number of opti-
mally resected patients was small, as well (n = 16). These
features may have affected our results. Previously, a cor-
relation between improved outcome and CD8+* or
FoxP3+! TILs or CD163+ TAMs?!' has been observed
only in optimally debulked patients in some studies.
Thus, the low RO rate of this study may have had an
impact on the results. The small number of post-NACT
samples (n = 7) made the statistical analyses of this group
challenging. Paired pre- and post-NACT specimens were
not available, and therefore, it was not possible to com-
pare the changes in the immune cell counts pre- and post-
NACT on the same patient.

Another limitation is that the archived FFPE sam-
ples were analyzed retrospectively. The patients were
operated on and the samples collected during a long
period of time (2001-2013). Some of the FFPE samples
had to be excluded from analysis due to poor quality,
which is at least partially due to long period of conser-
vation. The treatment regimen, FIGO staging classifi-
cation and the criteria for optimal cytoreduction were
changed during the period when the patients were
treated. During the recruitment period of the study
cohort, the breast cancer gene (BRCA)1/2 mutation
analysis was not part of the standard of care, and there-
fore, the BRCA1/2 mutation status was not available in
most cases. This should be considered when interpret-
ing the results since the mutation status represents a
major prognostic factor in OC. In addition, multiplex
THC stainings on the same specimen were not available,
and therefore, it was not possible to study the different
immune cell counts or their ratios within the same
region of the tumor tissue.

Conclusion

Co-expression of CD8+ and granzyme B+ in TME was
correlated with a better prognosis in HGSC, possibly
by representing an activated state of immune system
and therefore an enhanced anti-tumor immune
response in the TME. NACT may affect the immune
cell content in the TME and consequently the effect of
immuno-oncologic treatments, as well. Further valida-
tion studies are needed in larger, prospective OC
cohorts for assessment of clinical and especially the
predictive significance of combined CD8 and granzyme
B positivity as well as the effects of NACT on TME
with WSI and DIA.
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