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1. ABSTRACT

Background: Peritoneal carcinomatosis is characterized by the dissemination of tumor cells
within the peritoneal cavity. The immune microenvironment in peritoneal carcinomatosis is
notably intricate and exhibits significant inter-patient variability. Influencing factors of the
immune response in the peritoneal cavity include cancer type and stage, the presence of
immunosuppressive cells, and the expression of immune checkpoint molecules. Despite the
recognized complexity, there remains a paucity of research dedicated to comprehensively
characterizing the immune microenvironment in this context.

Methods: Histopathological evaluation and immunohistochemical analyses were conducted
on pre-CRS + HIPEC and post-CRS + HIPEC biopsies obtained from 12 patients.
Quantitative analysis of signals was performed using Halo Image software (Indica Labs).
Aim: The objective of this study was to characterize the immune infiltrate in patients with
peritoneal carcinomatosis secondary to gynecologic cancers and Pseudomyxoma Peritonei,
who underwent Cytoreductive Surgery (CRS) in conjunction with Hyperthermic
Intraperitoneal Chemotherapy (HIPEC), the primary therapeutic strategy for this condition.
Results: Our analysis revealed an enrichment of T and B cells in pre-CRS + HIPEC samples.
Moreover, in 50% we detected a tendency to form microaggregates resembling tertiary
lymphoid structures within the stroma. Additionally, we observed increased expression of
PD1 and PD-L1 within these structures.

In post-CRS + HIPEC biopsies we observed a decrease of cellular density of immune cells,
except for pro-tumoral M2 macrophages.

Conclusion: Further studies involving a larger cohort of cases are needed to investigate the
immune microenvironment in peritoneal carcinomatosis in order to identify a potential
prognostic and predictive biomarkers in both gynecologic cancers and Pseudomyxoma

Peritonei.



2. SUMMARY
2.1. PERITONEAL CARCINOMATOSIS
2.1.1 Peritoneal carcinomatosis development

Peritoneal carcinomatosis refers to the spread of tumor cells within the peritoneal cavity.
This condition can arise primarily from the peritoneum, such as in mesothelioma and
pseudomyxoma peritonei, or secondarily as metastases from intraperitoneal cancers
(ovarian, gastric, colon) and extraperitoneal cancers (lung, breast, renal).

The peritoneum is a large serous membrane of mesodermal origin, divided into:

Parietal peritoneum: Covers the anterior and posterior abdominal walls.

Visceral peritoneum: Covers the organs.

Both types of peritoneum share analogies in term of composition; indeed they result
constituted by glycocalyx, mesothelial cells, basal lamina, sub-mesothelial stroma, and
elastic lamina. The primary role of the peritoneum is to maintain homeostasis in the
abdominal cavity through peritoneal fluid, which allows molecular exchange with plasma.
Additionally, it secretes glycosaminoglycans and surfactants, inhibits inflammation,
facilitates leukocyte migration, presents antigens, and aids tissue repair?.

The cancer cells implantation could be explained with the Seed and Soil theory: cancer cells
(seeds) attaches prefentially to a specific microenvironment (soil)?.

Cancer cell implantation in peritoneal carcinomatosis can be explained by the Seed and Soil
theory, where cancer cells (seeds) preferentially attach to a specific microenvironment (soil).
1.Detachment: Cancer cells acquire a mobile phenotype through epithelial-to-mesenchymal
transition (EMT). Downregulation of E-cadherin leads to detachment and the formation of
multicellular clusters in ascites. Accidental surgical cutting into the tumor site can also
facilitate malignant cell detachment.

2. Dissemination: A common symptom of peritoneal carcinomatosis is the accumulation of
ascites. Cancer cells circulate and survive in the abdominal cavity by forming apoptosis-
resistant clusters. In vitro studies show that clustered epithelial ovarian cancer (EOC) cells
activate Akt kinase, preventing apoptosis and promoting survival by inhibiting Caspase-3 .

3. Adhesion: Multiple adhesion molecules facilitate interactions between cancer cells and
the peritoneum. a5SB1 integrin on cancer cells binds to fibronectin on mesothelial cells. In
vitro, cancer cells adhere to mesothelial cells via CD43 expression . Inflammatory mediators
promote ICAM-1 and VCAM-1 expression, ligands for integrins. Molecules like E-selectin,
P-selectin, and CD44 are also involved in adhesion. Mesothelial cells can acquire a
myofibroblastic phenotype, amplifying attachment. The omentum is a preferential site for

attachment, likely due to fatty acid release from adipose cells and the presence of milky



spots—highly vascularized lymphoid aggregates providing chemokines and growth factors
4. Invasion: Cancer cells bypass the intact mesothelial layer by invading intercellular spaces
or by inducing mesothelial cell removal/retraction. Milky spots near lymphatic stomata
enhance adhesion through VEGF. Inflammatory cytokines like TNF-a and IL-1p cause
mesothelial cell retraction, exposing the stroma. Cancer cells can induce mesothelial
apoptosis via FAS-L/FAS interaction. Inhibition of myosin prevents mesothelial cell
migration and removal beneath tumor spheroids, but does not affect spheroid adhesion. Once
cancer cells breach the mesothelial layer and basal lamina, they access the underlying
stroma, which supports survival, proliferation, and invasion. EOC cells express CXCR4,
interacting with SDF-1. CXCR4 inhibition reduces peritoneal metastases growth and spread
in mouse models, highlighting the SDF-1-CXCR4 axis's importance. The endothelial lining
of lymph and blood vessels recruits immune cells, platelets, and possibly circulating stem
cells, creating a tumor microenvironment that promotes tumor growth and invasion. Cancer-
associated fibroblasts (CAFs) in the stroma produce cytokines and VEGF, remodel the ECM,
and enhance tumor progression . Immune cells also contribute to peritoneal carcinomatosis
progression .

4 Invasion: Two mechanisms have been identified through which cancer cells circumvent
the intact mesothelial cell layer that lines the peritoneal cavity: intercellular invasion and
mesothelial clearance.

Intercellular invasion: cancer cells invade intercellular spaces between mesothelial cells.
Milky spots®®, often located near lymphatic stomata (small gaps between mesothelial cells
with direct lymphatic system connections), enhance adhesion through VEGF. Inflammatory
cytokines like TNF-a and IL-1B, released by cancer cells, cause mesothelial cell retraction,
exposing the underlying stroma®.

Mesothelial Clearance: Cancer cells induce mesothelial cell apoptosis via FAS-L/FAS
interaction'’. Iwanicki et al. showed that downregulation or inhibition of myosin prevents
the migration and removal of mesothelial cells underneath tumor spheroids®®. Interestingly,
spheroid adhesion to mesothelial cells was unaffected by myosin inhibition or blocking
antibodies against a5-integrin. In a xenograft model, a5B1 integrin generated contractile
force driving mesothelial cell retraction, promoting stromal invasion 1920,

Once cancer cells breach the mesothelial cell layer and basal lamina, they gain access to the
underlying stroma, which supports survival, proliferation, and invasion. EOC cells often
express CXCR4, which interacts with SDF-1. In mouse models, CXCR4 inhibition reduced
peritoneal metastasis growth and improved survival, indicating the SDF-1-CXCR4 axis's

importance®.



The endothelial epithelium recruits immune cells (monocytes, leukocytes, lymphocytes),

platelets, and possibly circulating stem cells, creating a tumor microenvironment that

promotes tumor growth and invasion. Cancer-associated fibroblasts (CAFs) in the stroma

produce cytokines, VEGF, and remodel the ECM, facilitating tumor progression by

enhancing proliferation, invasion, and metastasis?*. Immune cells also contribute to

peritoneal carcinomatosis progression, tumor growth, and invasion. %
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2.1.2 Cytoreductive surgery and HIPEC

Peritoneal carcinomatosis poses signficant treatment challenges due to its advanced stage
and the widespread distribution of tumor nodules throughout the peritoneal cavity. The most
effective therapeutic approach currently available is cytoreductive surgery (CRS) followed
by hyperthermic intraperitoneal chemotherapy (HIPEC)?3.

Cytoreductive surgery is designed to excise as much visible tumor tissue as possible from
the peritoneal cavity. During this procedure, the surgeon conducts an extensive exploration
and resection of tumor nodules from various abdominal regions. The primary objective is to
achieve a complete or near-complete removal of all visible macroscopic tumors. The extent
of the surgery is determined by the location and extent of the disease.?*

HIPEC involves the administration of heated chemotherapeutic agents directly into the
peritoneal cavity. This technique aims to eradicate any microscopic residual disease while

minimizing the systemic side effects commonly associated with conventional chemotherapy.
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Schematic representation of HIPEC machine. https://www.mesothelioma.com/treatment/chemotherapy/hipec/

This procedure improves the effectiveness of chemotherapy through several mechanisms
including:
e Thermal enhancement: hyperthermia increases the membrane permeability and the
drug cytotoxicity
¢ Inhibition of repair mechanisms: cells are less able to repair the damage caused by

chemotherapeutic drugs



e Activation of lysosomal enzymes: hyperthermia can activate lysosomal enzymes.
e Improved vascular flow in normal cells: hyperthermia selectively favour blood
flow in normal cells, reducing the toxic effects of chemotherapy on healthy tissues?.

The heated chemotherapy solution is circulated throughout the abdomen for a specific
duration, typically ranging from 1 to 2 hours.
Two different techniques for chemoperfusate administration are described and reported
below.
The first technique is the open technique where the abdominal wall is lifted to create a
funnel-like space. Inflow and outflow lines, connected to a pump and heating unit, are
inserted into this space. The chemoperfusate is then circulated through these lines, allowing
for a more even distribution within the abdominal cavity. Surgeons often prefer this
technique because it allows them to perform anastomoses after HIPEC, minimizing the risk
of compromising their integrity. However, there are some disadvantages to the open
technique: heat dissipation can occur, potentially affecting the efficacy of the treatment and
there is a risk of personnel exposure to the toxic chemotherapeutic agents.
The second technique is closed technique. In this method, the inflow and outflow lines are
inserted through distinct incisions, and the abdominal wall is subsequently closed before the
initiation of Hyperthermic Intraperitoneal Chemotherapy (HIPEC). This approach mitigates
the risk of personnel exposure to antineoplastic drugs and facilitates superior temperature
regulation. Nonetheless, a limitation of the closed technigue is its association with uneven

distribution of the chemoperfusate within the peritoneal cavity?.



2.1.3 The clinical trials challenge

Nowadays many challenges are associated with cytoreductive surgery followed by HIPEC
administration.

The first challenge is related to the patient selection before the operation, which requires
careful consideration potential benefits against risks including extent of disease, General
Health Status, adequate organ function and Performance Status

Each patient should be evaluated individually, considering the specific cancer type, disease
stage, overall health, and patient preferences, to determine the suitability of HIPEC as a
treatment option?’%, Ultimately, the decision to proceed with HIPEC requires a
multidisciplinary approach involving surgeons and oncologists, as well as input from other
specialists, to ensure comprehensive patient care.

One useful tool for patient selection could be the analysis of quantitative prognostic
indicators, such as the “Peritoneal Cancer Index” proposed by Sugarbaker. This index
divides the peritoneal cavity into 13 regions, and a numerical score based on the size and
extent of tumor involvement is assigned?®. This method could serve as a prognostic factor
because it allows for the estimation of the completeness of cytoreduction.

The definition of a specific value indicating complete cytoreduction is still controversial and
varies according to the primary tumor. For example, in colorectal peritoneal carcinomatosis,
a CCR-0 score is required for complete cytoreduction, while in pseudomyxoma peritonei,
complete cytoreduction may involve both CCR-0 and CCR-1%,

Clinical trials play a crucial role in evaluating the safety and effectiveness of CRS and
HIPEC treatment, but the results are controversial and still debated within the medical
community.

Various clinical trials have yielded diverse findings regarding the efficacy of Cytoreductive
Surgery (CRS) and Hyperthermic Intraperitoneal Chemotherapy (HIPEC) across different
cancer types.

In colon cancer, Verwaal et al. demonstrated improved overall survival (OS) with CRS +
HIPEC treatment®!; the French PRODIGE 7 trial did not show a significant OS benefit in
patients treated with CRS and oxaliplatin-based HIPEC®?,

The COLOPEC trial highlighted that HIPEC, used as a prophylactic treatment for recurrent
disease, did not improve disease-free survival compared to adjuvant chemotherapy alone.®
Similarly, in ovarian cancer, meta-analyses showed that CRS + HIPEC improved the 5-year
overall survival rate compared to CRS and chemotherapy alone, but only in patients with
primary ovarian cancer. However, this survival benefit was not observed in patients with

recurrent ovarian cancer. 34



Zhang et al. demonstrated that HIPEC correlated with better prognosis in patients with
primary ovarian cancers, but for recurrent cancers, HIPEC only improved overall survival
(OS) without a significant impact on progression-free survival (PFS)%®.

The OVHIPEC trial showed that interval debulking surgery + HIPEC improved PFS and OS
compared to surgery alone®.

In gastric cancer, meta-analyses suggest a general improvement in prognosis with CRS +
HIPEC, especially in locally advanced cases®’, and prophylactic HIPEC has been associated
with improved OS®. However, ongoing trials continue to provide further insights into the
efficacy of CRS + HIPEC. Notably, in pseudomyxoma peritonei, retrospective analyses have
indicated improved overall survival with CRS + HIPEC, though extensive disease is linked
to higher postoperative mortality rates, underscoring the importance of meticulous patient
selection.3%-4

In summary, findings from trials assessing CRS + HIPEC demonstrate promise in specific
scenarios. Nonetheless, it's crucial to acknowledge that the absence of standardized protocols

presents challenges in constructing robust trials and reaching definitive conclusions.



2.2 TUMOR IMMUNE MICROENVIRONMENT

Tumor microenvironment is the complex ecosystem and dynamic milieu surrounding cancer
cells within a tumor. It encompasses various cellular and non-cellular components, including
stromal cells, immune cells, blood vessels, extracellular matrix, and signaling molecules. It
plays a crucial role in tumor growth, invasion, and response to therapy. Immune
microenvironment tumor-associated have a pivotal role in neoplastic progression in solid
and haematological cancers*.

Based on the level of immune activity within the tumor, the tumor microenvironment can be
broadly classified into "hot™ and "cold™ categories. "Hot" microenvironment is characterized
by a robust infiltration of immune cells, such as T cells, dendritic cells, and macrophages.
This heightened immune response is often accompanied by increased expression of
programmed cell death ligand 1 (PD-L1) on tumor cells and programmed cell death protein
1 (PD-1) on cytotoxic T lymphocytes (CTLS) infiltrating the tumor. The interaction between
PD-L1 and PD-1 suppresses the activity of CTLs, allowing tumor cells to evade immune
surveillance. Immunotherapies targeting the PD-L1/PD-1 pathway can disrupt this
interaction, unleashing the anti-tumor immune response and leading to tumor regression.
Therefore, the presence of high PD-L1 expression on tumor cells and PD-1 expression on
CTLs serves as a biomarker for predicting response to immunotherapy in tumors with a "hot"
microenvironment.

Conversely, a "cold" microenvironment is characterized by a lack of immune cell infiltration
and immunosuppressive factors, allowing tumors to evade immune detection and
destruction. In cold tumors immune activity is restricted and a low expression of PD-L1 and
PD-1 on tumor cells and CTLs respectively is detected 3.

The interaction between immune system and developing tumor is called “cancer
immunoediting” and it consists of three phases:

1. Elimination: the immune system recognizes and eliminates tumor cells before they
become clinically detectable. This phase involves immune cells, such as cytotoxic T
cells and natural killer cells, attacking and destroying tumor cells through various
mechanisms, including the release of cytotoxic molecules and induction of cell death.

2. Equilibrium: development of a dynamic equilibrium between tumor and immune
system; in this phase, immune cells exert selective pressure on the cancer cells,
favoring the growth of less immunogenic variants.

3. Escape: tumor acquire genetic and epigenetic changes that allow it to evade immune
detection and destruction. These changes can include mutations that alter antigen

presentation, downregulation of immune recognition molecules, or recruitment of

10



immunosuppressive cells to the tumor microenvironment. As a result, the tumor cells
can proliferate and progress without being effectively targeted by the immune
system*4,
In the tumor microenvironment, both innate and adaptive immune cells play a role in
responding to cancer and their functions can have either pro-tumoral or anti-tumoral effects
based on their cell type and signaling pathways.
Among the adaptive immune cells, cytotoxic T lymphocytes (CD8*) exert anti-tumoral
properties through various mechanisms. They can directly Kill target cells through
cytotoxicity, inducing apoptosis via FasL-mediated pathways, or by secreting molecules
such as IFN-y and TNF-a; furthermore, they directly recognize tumor cells and can be
activated by dendritic cells and T- helper cells (CD4") cells through co-stimulatory
molecules®.
Regulatory T cells (Foxp3*) are a specific subset of CD4* lymphocytes that contribute to
immune evasion by suppressing the activity of other T cells through the secretion of
molecules like IL-10 and TGF-B, which have immunosuppressive effects*6.
B cells can exhibit a dual role, with both anti-tumoral and pro-tumoral activities. Indeed B
cells are able to produce antibodies against tumor antigens, thereby facilitating the
recognition and elimination of cancer cells.
Conversely, a specific subset of B cells known as regulatory B cells can exert pro-tumoral
effects. These regulatory B cells express molecules such as programmed death-ligand 1 (PD-
L1) and produce immunosuppressive cytokines like interleukin-10 (IL-10) and transforming
growth factor-beta (TGF-B)*'.
Recent studies showed that in response to chronic inflammation or tumoral immune
activation, inflammatory infiltrate composed of T cells, B cells, dendritic cells, organized
into microaggregates known as tertiary lymphoid structures (TLS). TLSs are ectopic
organized lymphoid aggregates sharing similarities with secondary lymphoid organs. Once
matured, they consist of B-cell follicles, T-cell zones, and specialized antigen-presenting
cells. Tertiary lymphoid structures contribute to the local immune response by facilitating
the maturation and activation of B and T cells, resulting in antibody production and the
generation of effector T-cell responses against the persistent antigen.
These structures facilitate the interaction between B-cells and T-cells, leading to the
activation of the latter4s 4°,
Natural Killer (NK) cells, characterized by the CD3-CD56+ phenotype, exhibit features of

both the innate and adaptive immune systems and play a crucial role in tumor
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immunosurveillance and immune defense mechanisms. NK cells can be recruited to the
tumor site through chemokines released by dendritic cells (DCs) and other immune cells
and kills target cells through perforins and granzymes secretion®.

Several types of innate immune cells, including dendritic cells, macrophages, and
neutrophils, have crucial roles in the immune response against tumors.

Dendritic cells (DC cells), as mentioned above, act as antigen-presenting cells capable of
activating CD8+, NK, and B cells®.

Neutrophils in cancer can be categorized into two distinct phenotypes, named as N1 and N2.
N1 neutrophils exert anti-tumoral functions through cytotoxicity, antibody-dependent cell-
mediated cytotoxicity (ADCC), and activation of T cells.

On the other hand, N2 neutrophils exhibit strong immunosuppressive and tumor-promoting
activity by releasing various factors such as HGF, oncostatin M, reactive oxygen species,
reactive nitrogen species, MMPs, and neutrophil elastase®..

Similarly, macrophages can be classified into M1 and M2 phenotypes.

M1 polarized macrophages release pro-inflammatory cytokines and oxygen nitrogen
molecules that are crucial for eliminating tumor cells.

In contrast, M2 macrophages produce immunosuppressive molecules like IL-10 and TGF-
B. They also contribute to angiogenesis and tissue remodeling through the secretion of VEGF
and MMPs®2,

Lastly, myeloid-derived suppressor cells (MDSCs) are a heterogeneous population of
myeloid cells that significantly impact cancer progression and immune suppression. They
inhibit the function of CTLs, NK cells, and DCs, while also promoting angiogenesis, tissue
remodeling, and the development of pre-metastatic niches. These factors facilitate the spread

of cancer cells to distant sites®3.
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2.2.1 Cytoreductive surgery and HIPEC effects on peritoneal immune microenvironment

It has been noted that the tumor immune microenvironment in metastatic foci may differ
from that observed in primary tumors due to signaling that is dependent on the tissue®*. Given
that the peritoneum is a common site of metastasis from abdominal cancer, comprehending
the immune microenvironment in patients undergoing Cytoreductive Surgery (CRS) and
Hyperthermic Intraperitoneal Chemotherapy (HIPEC) is essential for optimizing therapeutic
approaches. Although the effects of hyperthermia on the peritoneal immune environment
have not been extensively studied, the mechanisms described below are not specific to
HIPEC.

Intraperitoneal heated chemotherapy induces the expression of Hsp90 on the surface of
dying cells, leading to the activation of dendritic cells and T cells®.

In mouse models of colorectal peritoneal metastasis, HIPEC resulted in increased infiltration
of CD4+, CD8+, CD68", and CD20* cells into the omental and visceral peritoneum, along
with overexpression of Hsp90 mMRNAS,

In the same model, combining HIPEC with anti-PD-1 treatment improved survival compared
to HIPEC alone®’.

Mild hyperthermia enhances the recruitment of immune cells by stimulating vascular
perfusion and upregulating vascular adhesion molecules such as ICAM-1, which promote
immune cell infiltration®®,

Ovarian cancer patients presented an increased expression of PD-1 on CD8* cells and
upregulation of Hsp genes after HIPEC treatment, indicating their activation. Additionally,
immune pathways were upregulated®® ¢°. Hyperthermia also enhances the cytotoxic activity
of CD8" cells, improving the expression of effector molecules such as perforin and
granzymes.5!

Regarding HIPEC following cytoreduction, analysis of peritoneal fluid in colorectal cancer
patients showed a high CD4/CD8 ratio in patients with extensive cytoreduction and a
borderline Peritoneal Cancer Index (PCI) score®?,

Current data suggests that heated IP treatment may have a biological impact, as evidenced
by transcriptomic and proteomic changes that could serve as predictive or prognostic
biomarkers.

Nowadays peritoneal carcinomatosis is a complex disease, and currently, our knowledge
about the role of the immune system in this context and its related therapeutic effects remain
limited.

Further studies are needed to better characterize the tumor microenvironment in the context

of peritoneal carcinomatosis. to formulate efficacious treatment approaches.
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3. AIM
The objective of this project was to investigate the infiltration of immune cells within the
peritoneal microenvironment of patients diagnosed with peritoneal carcinomatosis,
originating from various primary tumors. The study aimed to characterize the immunological
microenvironment before and after Hyperthermic Intraperitoneal Chemotherapy (HIPEC)
and assess any alterations following treatment.

14



4 MATERIAL AND METHODS

4.1 Patients and sample collection

According with the ethical standards of the Helsinki declaration 12 pre- and post-
cytoreductive surgery + HIPEC peritoneal biopsies have been collected from patients
treated at the departments of Gynecologic Oncology and Oncologic Surgery of the
Hospital ARNAS Civico, Di Cristina and Benfratelli in Palermo. All patients
presented peritoneal carcinomatosis derived from High Grade Serous Ovarian
Cancer (n = 7), Endometrial cancer (n = 1), and Pseudomyxoma Peritonei (n = 4).

Details are showed in the table below.

1D AGE DIAGNOSIS NEOADJUVANT CHEMOTHERAPY CRS + HIPEC
Pz1 61 HGSOC YES YES
Pz2 73 ENDOMETRIAL CANCER YES YES
Pz3 53 HGSOC YES YES
Pz4 42 HGSOC YES YES
Pz5 68 HGSOC YES YES
Pz6 54 HGSOC YES YES
Pz7 47 HGSOC YES YES
Pz8 54 HGSOC YES YES
Pz9 44 PSEUDOMYXOMA PERITONEI NOT YES
Pz10 65 PSEUDOMYXOMA PERITONEI NOT YES
Pz11 53 PSEUDOMYXOMA PERITONEI NOT YES
Pz12 70 PSEUDOMYXOMA PERITONEI NOT YES
4.2 HIPEC

After cytoreduction, HIPEC was administered using the "Closed Technique™ with
the PRS System (A.C.T.A Group, Naples). Cannulas were inserted into the
abdominal cavity and the incision was closed. A preheated volume of Physiological
Solution circulated for 5-10 minutes to raise the cavity temperature to 42°. Once the
temperature was stabilized, the administration of chemotherapy drugs began. The
therapy lasted for 90 minutes, during which the drug was infused along with COq,
creating a bubbling effect that increased pressure within the peritoneal cavity. This
ensured better coverage and thermal homogeneity. Upon completion of the therapy,
the cavity was emptied and final wash with Physiological Solution at room
temperature (using the same initial filling volume) was performed for 5-10 minutes.

After the wash the cannulas were removed, and the abdomen was definitively closed.

15




4.3 H&E staining

Samples were fixed in 10% neutral buffered formalin overnight (3800604, Leica

Biosystems), washed in water and subsequently preserved in 70% ethanol before
undergoing paraffin fixation. Four-micrometer-thick tissue sections were
deparaffinized and rehydrated. Slides were stained using hematoxylin and eosin
(Harrys' hematoxylin for Histology and Eosin Y alcoholic solution, Bio-Optica,
Milano Spa). Slides were examined under a Zeiss Axioscope-Al optical microscope
(Zeiss, Germany), and microphotographs were captured at a magnification of 10x
using an Axiocam 503 Color digital camera equipped with the ZEN2 imaging

software (Zeiss, Germany).

4.4 Quantitative immunolocalization analyses

Immunohistochemical staining were carried out using the BOND-III Fully
Automated IHC and ISH Staining System from Leica. According to the
manufacturer's protocol, sections were unmasked with Epitope Retrieval Solution at
pH6 or pH9 (RE7113-CE or RE7119-CE, Leica Biosystems). The sections were
incubated with the following primary antibodies: mouse anti-human CD8 (4B11
clone, Leica Biosystems), CD4 (4B12 clone, Leica Biosystems), Foxp3 (236A/E7
clone, Leica Biosystems), CD163 (10D6 clone, Leica Biosystems), and CD20 (L26
clone, Leica Biosystems), rabbit anti-human PD-1 (CAL20 clone, Leica Biosystems)
and PD-L1 (7310 clone, Leica Biosystems). Immunohistochemistry was developed
using BOND Polymer Refine Detection Kit (DS9800, Leica Biosystems), which
includes peroxidase block, post-primary reagent, polymer reagent, DAB (3,3'-
Diaminobenzidine) chromogen, and Hematoxylin. Finally, the slides were
dehydrated and mounted using Surgipath Micromount mounting medium (3801731,
Leica Biosystems). For mouse anti-human CD21 (2G9 clone, Leica Biosystems),
manual immunohistochemical staining was performed by unmasking using Epitope
Retrieval Solution pH9 and, after primary antibody the signal was revealed using
Signal Stain Boost IHC Detection Reagent AP Mouse (31926, Cell Signaling) and
Vulcan Fast Red Chromogen Kit 2 (901-FR805-100923, Biocare Medical). All the
sections were analyzed under Zeiss AxioScope Al optical microscope (Zeiss,
Germany) and microphotographs were collected at 10x and 20x magnification using
an Axiocam 503 Color digital camera with the ZEN2 imaging software (Zeiss
Germany). Quantitative analyses were performed by calculating the average

percentage of positive cells in five non overlapping fields (200x magnification) using

16



the HALO Image analysis software (v3.2.1851.229, Indica Labs) and the output was

expressed as the “percentage of positive cells”.

4.5 Statistical analysis

Graphics design and statistical analysis were conducted using GraphPad Prism
(v9.1.1, GraphPad Software, San Diego, CA, USA).

17



5. RESULTS

5.1 T-cell in peritoneal carcinomatosis

To assess T cell infiltration in peritoneal carcinomatosis, we conducted
immunohistochemistry for CD3 on biopsies collected from patients prior to cytoreductive
surgery (CRS) and HIPEC.

Our analysis revealed the presence of CD3* cells in both the peritumoral and intratumoral
areas, indicating a strong T cells recruitment.

Subsequently, we performed a quantitative analysis of the signal, confirming the initial
findings. Specifically, by calculating the percentage of positive cells, we detected CD3
values ranging from 10% to 33% (Figure 1A-E).

Furthermore, we investigated the presence and distribution of two T lymphocyte subtypes:
T-helper and T-cytotoxic cells. Immunohistochemistry and quantification analyses for CD4
and CD8 were performed (Figure 2A-E and 3A-E), showing a higher expression of CD4*
cells compared to CD8* cells. We observed CD4 levels ranging from 11% to 47%, and CD8
levels ranging from 4% to 24%. The higher percentage of CD4 was probably due to the fact
that this marker is also expressed by macrophages.

To assess the predominance of T-helper cells over T-cytotoxic cells, we calculated the
CD4/CD8 fractions, which confirmed our results (Figure 4).

Additionally, we aimed to investigate potential differences in T-helper and T-cytotoxic cells
between patients with peritoneal carcinomatosis originating from Gynecological cancers and
those with Pseudomyxoma Peritonei. Significantly higher levels of CD4* and CD8* cells
average percentages were observed in Gynecological cancers compared to Pseudomyxoma

Peritonei (see Graphs in Figure 5A-B).
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Figure 1. Representative microphotographs of CD3* cells in pre-CRS + HIPEC peritoneal carcinomatosis at 100x

magnification; scale bar 200 LLm (A and B). Segmentation analysis output (C and D). Quantitative analysis of CD3 positive

cells percentage (E). Values are represented as mean + sd.
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Figure 2. Representative microphotographs of CD4* cells in pre-CRS + HIPEC peritoneal carcinomatosis at 100x

magnification; scale bar 200 Lim (A and B). Segmentation analysis output (C and D). Quantitative analysis of CD4 positive

cells percentage (E). Values are represented as mean + sd.
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Figure 3. Representative microphotographs of CD8* cells in pre-CRS + HIPEC peritoneal carcinomatosis at 100x
magnification; scale bar 200 LLm (A and B). Segmentation analysis output (C and D). Quantitative analysis of CD8 positive

cells percentage (E). Values are represented as mean + sd.
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Figure 4. Representative graph of CD4/CD8 fractions.
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Figure 5. Comparative analysis of CD4 positive cells average percentage in patients with Peritoneal Carcinomatosis from
Gynecologic Cancer vs patients with Peritoneal carcinomatosis from Pseudomyxoma Peritonei (unpaired t-test, p value
<0,05) (A). Comparative analysis of CD8 positive cells average percentage in patients with Peritoneal Carcinomatosis from
Gynecologic Cancer vs patients with Peritoneal carcinomatosis from Pseudomyxoma Peritonei (unpaired t-tests, p value
<0,05) (B). Values are represented as mean =+ sd.
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5.2 Immune suppressive cells in peritoneal carcinomatosis

We investigated the infiltration and distribution of M2 macrophages and Treg cells in
peritoneal carcinomatosis by performing immunohistochemistry for CD163 (M2
macrophage marker) and Foxp3 (Treg cell marker) on pre-CRS + HIPEC samples.
Figure 6A-E highlight a robust M2 macrophages infiltrate in both the peritumoral and
intratumoral areas; quantitative analysis confirmed these findings, demonstrating
CD163" cells percentages ranging from approximately 17-37%.

To assess the predominance of this immunosuppressive cell population relative to
cytotoxic T cells, we calculated the CD163/CD8 fractions, which confirmed that M2
macrophages were more abundant than CD8* cells (Figure 7).

Treg infiltration was observed in both the peritumoral and intratumoral compartments and
quantitative analyses revealed percentages of Foxp3* cells ranging from 0.05% to 1.5%
(Figure 8A-E).

Finally, the comparative analysis of CD163* and Foxp3* cells average percentages did
not reveal any significant variation between the Gynecological cancer group and the

Pseudomyxoma Peritonei group (Figure 9A-B).
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Figure 6. Representative microphotographs of CD163* cells in pre-CRS + HIPEC peritoneal carcinomatosis at 100x
magnification; scale bar 200 [im (A and B). Segmentation analysis output (C and D). Quantitative analysis of CD163

positive cells percentage (E). Values are represented as mean =+ sd.
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Figure 7. Representative graph of CD163/CD8 fractions.
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Figure 8. Representative microphotographs of Foxp3* cells in pre-CRS + HIPEC peritoneal carcinomatosis at 100x
magnification; scale bar 200 Lim (A and B). Segmentation analysis output (C and D). Quantitative analysis of Foxp3

positive cells percentage (E). Values are represented as mean =+ sd.
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Figure 9. Comparative analysis of CD163 positive cells average percentage in patients with Peritoneal Carcinomatosis
from Gynecologic Cancer vs patients with Peritoneal carcinomatosis from Pseudomyxoma Peritonei (unpaired t-test, p
value >0,05) (A). Comparative analysis of Foxp3 positive cells average percentage in patients with Peritoneal
Carcinomatosis from Gynecologic Cancer vs patients with Peritoneal carcinomatosis from Pseudomyxoma Peritonei
unpaired t-test, p value >0,05) (B). Values are represented as mean + sd.
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5.3 B-cells and immune microaggregates in peritoneal carcinomatosis

To detect B cells infiltration in peritoneal carcinomatosis, we conducted
immunohistochemistry for CD20 in pre-CRS + HIPEC samples.

As depicted in Figure 10A-E, we identified a consistent population of B cells which were
weakly distributed in intratumoral areas but tended to form microaggregates in the
surrounding stroma. In the same figure is shown the quantification of CD20* cells
percentage showed values around 10-39%.

Notably, no statistically significant differences were observed in the B cell average
percentage between patients diagnosed with Gynecological malignancies and those with
Pseudomyxoma Peritonei, as depicted in Figure 11.

Since the histological staining already highlighted the presence of cellular
microaggregates with various shapes and sizes, we further investigated the presence of
follicular dendritic cells by performing immunohistochemistry for CD21.

As demonstrated in the panels and table of Figure 12, approximately 50% of the patient
samples harbored CD21* aggregates. These aggregates also expressed CD20, CD3, CD4,

and CD8, leading us to consider them as potential forming tertiary lymphoid structures.
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Figure 10. Representative microphotographs of CD20* cells in pre-CRS + HIPEC peritoneal carcinomatosis at 100x
magnification; scale bar 200 im (A and B). Segmentation analysis output (C and D). Quantitative analysis of CD20

positive cells percentage (E). Values are represented as mean =+ sd.
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Figure 11. Comparative analysis of CD20 positive cells average percentage in patients with Peritoneal Carcinomatosis
from Gynecologic Cancer vs patients with Peritoneal carcinomatosis from Pseudomyxoma Peritonei (unpaired t-test, p

value >0,05). Values are represented as mean + sd.
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Figure 12. Representative panel and count of lymphoid microaggregates in pre-treatment peritoneal carcinomatosis

samples at 100x magnification; scale bar 200 pm.
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5.4 PD1 and PD-L1 in peritoneal carcinomatosis

To investigate immune checkpoint expression in peritoneal carcinomatosis, we
performed immunohistochemistry for PD-1 and PD-L1 in pre-CRS + HIPEC samples.
Figures 14A-E and 15A-E illustrate a notable expression of these immune checkpoint
proteins within lymphoid microaggregates. The corresponding quantitative analysis
revealed variable percentages of these markers among patients, ranging from
approximately 0.02% to 3% for PD-1 and 0.02% to 0.2% for PD-L1.

Furthermore, we conducted a comparative analysis between patients diagnosed with
Gynecological malignancies and those with Pseudomyxoma Peritonei. This analysis
revealed higher average percentages of PD-1 and PD-L1 proteins in the latter group of

patients, as depicted in Figure 16.
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Figure 14. Representative microphotographs of PD1* cells in pre-CRS + HIPEC peritoneal carcinomatosis at 100x
magnification; scale bar 200 LLm (A and B). Segmentation analysis output (C and D). Quantitative analysis of PD1 positive

cells percentage (E). Values are represented as mean + sd.
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Figure 15. Representative microphotographs of PD-L1* cells in pre-CRS + HIPEC peritoneal carcinomatosis at 100x
magnification; scale bar 200 m (A and B). Segmentation analysis output (C and D). Quantitative analysis of PD-L1

positive cells percentage (E). Values are represented as mean =+ sd.
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Figure 16. Comparative analysis of PD1 positive cells average percentage in patients with Peritoneal Carcinomatosis from
Gynecologic Cancer vs patients with Peritoneal carcinomatosis from Pseudomyxoma Peritonei (unpaired t-test, p value
>0,05) (A). Comparative analysis of PD-L1 positive cells average percentage in patients with Peritoneal Carcinomatosis
from Gynecologic Cancer vs patients with Peritoneal carcinomatosis from Pseudomyxoma Peritonei unpaired t-test, p value

>0,05) (B). Values are represented as mean =+ sd.
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5.5 Cytoreductive surgery and HIPEC effects on immune cells

The last goal of this study was to investigate the impact of cytoreductive surgery (CRS) and
hyperthermic intraperitoneal chemotherapy (HIPEC) treatment on the immune cell infiltrate
within the tumor microenvironment. To this end, we conducted immunohistochemical and
quantitative analyses on post-CRS + HIPEC biopsies.

We specifically assessed the expression of CD3 (Figure 17A-E), CD4 (Figure 18A-E), CD8
(Figure 19A-E), CD163 (Figure 20A-E), Foxp3 (Figure 21A-E), CD20 (Figure 22A-E), PD1
(Figure 23A-E), and PD-L1 (Figure 24A-E).

The analyses were performed on a total of 7 post-CRS + HIPEC tumor biopsies, comprising
3 cases of Gynecologic cancer and 4 cases of Pseudomyxoma Peritonei.
Immunohistochemistry revealed the absence of cancer cells and lower levels of all the
evaluated markers, except for M2 macrophages.

Quantitative analysis confirmed low T cells (1-8% for total T cells, 10-20% for T helper
cells and 3-6% for T cytotoxic cells), B cells (1-14%) and Treg cells (0.1-0.6%), as well as
decreased levels of the immune checkpoint molecules PD-1 (0.02-0.2%) and PD-L1 (0.02-
0.7%); however, the average percentage of M2 macrophage infiltration remained high,
ranging from 14% to 40%.

To further validate these results, we conducted a comparative analysis between the post-
treatment biopsies and their respective pre-treatment biopsies. The graphs in Figure 25A-H
illustrate an overall reduction in all markers percentages, with significant results observed
for total T cells (CD3*) and B cells (CD20%) cells; no differences were found in the
percentages of M2 macrophages (CD163%), which remained high after treatment.
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Figure 17. Representative microphotographs of CD3* cells in post-CRS + HIPEC peritoneal carcinomatosis at 100x

magnification; scale bar 200 Lim (A and B). Segmentation analysis output (C and D). Quantitative analysis of CD3 positive

cells percentage (E). Values are represented as mean + sd.
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Figure 18. Representative microphotographs of CD4* cells in post-CRS + HIPEC peritoneal carcinomatosis at 100x

magnification; scale bar 200 m (A and B). Segmentation analysis output (C and D). Quantitative analysis of positive

cells percentage (E). Values are represented as mean + sd.
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Figure 19. Representative microphotographs of CD8* cells in post-CRS + HIPEC peritoneal carcinomatosis at 100x
magnification; scale bar 200 Lim (A and B). Segmentation analysis output (C and D). Quantitative analysis of CD8 positive

cells percentage (E). Values are represented as mean + sd.
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Figure 20. Representative microphotographs of CD163* cells in post-CRS + HIPEC peritoneal carcinomatosis at 100x
magnification; scale bar 200 Lim (A and B). Segmentation analysis output (C and D). Quantitative analysis of CD163

positive cells percentage (E). Values are represented as mean + sd.
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Figure 21. Representative microphotographs of Foxp3* cells in post-CRS + HIPEC peritoneal carcinomatosis at 100x
magnification; scale bar 200 um (A and B). Segmentation analysis output (C and D). Quantitative analysis of Foxp3

positive cells percentage (E). Values are represented as mean =+ sd.
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Figure 22. Representative microphotographs of CD20* cells in post-CRS + HIPEC peritoneal carcinomatosis at 100x
magnification; scale bar 200 Lim (A and B). Segmentation analysis output (C and D). Quantitative analysis of CD20

positive cells percentage (E). Values are represented as mean =+ sd.
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Figure 23. Representative microphotographs of PD1* cells in post-CRS + HIPEC peritoneal carcinomatosis at 100x
magnification; scale bar 200 pim (A and B). Segmentation analysis output (C and D). Quantitative analysis of positive

cells percentage (E). Values are represented as mean + sd.
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Figure 24. Representative microphotographs of PD-L1* cells in post-CRS + HIPEC peritoneal carcinomatosis at 100x
magnification; scale bar 200 um (A and B). Segmentation analysis output (C and D). Quantitative analysis of PD-L1

positive cells percentage (E). Values are represented as mean + sd
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Figure 25. Comparative analysis between pre and post-CRS + HIPEC samples. CD3 positive cells average percentage
(paired t-test, p value <0,05) (A); CD4 positive cells average percentage (paired t-test, p value >0,05) (B); CD8 positive
cells average percentage (paired t-test, p value >0,05) (C); CD163 positive cells average percentage (paired t-test, p value
>0,05) (D); Foxp3 positive cells average percentage (paired t-test, p value >0,05) (E); CD20 positive cells average
percentage (paired t-test, p value <0,05) (F); PD1 positive cells average percentage (paired t-test, p value >0,05) (G); PD-

L1 positive cells average percentage (paired t-test, p value >0,05) (H). Values are represented as mean +

36



6. DISCUSSION

Peritoneal carcinomatosis often signifies an advanced stage of primary abdominal tumors
and is associated with a poor prognosis®. The treatment typically involves cytoreductive
surgery to remove the tumor mass, followed by HIPEC, which entails administering heated
chemotherapy directly into the abdominal cavity to eradicate any microscopic cancer
residuals and prevent recurrence?®. However, the lack of standardized criteria for patient
selection and treatment application modalities poses challenges for designing appropriate
clinical studies.

Tumor microenvironment is a complex and dynamic system consisting of various
components: cancer cells, extracellular matrix, blood vessels, immune cells, and signaling
molecules®.

The primary players in the anti-tumor immune response are CD3* T lymphocytes, which can
be categorized into two major groups: CD3*CD4" T-helper cells and CD3*CD8* cytotoxic
T cells. The presence of these cells is associated with a favorable prognosis in many cancer
types*®.

Conversely, specific cell types can be activated by signaling molecules released by cancer
cells, thereby exerting pro-tumoral activity. Examples include CD163* M2 macrophages and
Foxp3* T regulatory cells, whose presence is associated with a poorer prognosis in various
cancer types.*6: 52

Another significant population within the tumor microenvironment is comprised of CD20*
B-cells, which, upon activation, can generate antibodies against tumor cell antigens.
Inflammatory signals within cancer can also trigger the development of tertiary lymphoid
structures. These structures are ectopic organized lymphoid aggregates which share
similarities with secondary lymphoid organs. Tertiary lymphoid structures enhance the local
immune response by facilitating the maturation and activation of B and T cells, resulting in
antibody production and the generation of effector T-cell responses against the persistent
antigens*’ - 49,

The peritoneum represents a unique microenvironment that influences deeply the neoplastic
progression, promoting the implantation of cancer cells. Nowadays, there are few in vitro
and in vivo studies investigating the role of the immune system in peritoneal carcinomatosis
and the effects of treatments on it.

The aim of this project was to dissect the presence and the distribution of the immune
infiltrates in patients with peritoneal carcinomatosis secondary to gynecologic cancers and
Pseudomyxoma Peritonei, who underwent Cytoreductive Surgery (CRS) in conjunction with
Hyperthermic Intraperitoneal Chemotherapy (HIPEC).
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Our findings revealed a strong presence of T-helper and T-cytotoxic cells in both peritumoral
and intratumoral areas, indicating a significant T-cell response, with CD4* T-helper cells
comprising the majority, as per data obtained from flow cytometry conducted by Franko et.
al®.

When comparing patients with peritoneal carcinomatosis associated with Gynecological
cancer to those with peritoneal carcinomatosis from Pseudomyxoma Peritonei, we detected
a higher level of CD4* and CD8* cell infiltration in the former group. This difference could
potentially be attributed to the administration of neoadjuvant chemotherapy in gynecologic
patients.

Alongside the aforementioned findings, we observed a significant infiltration of M2
macrophages and T regulatory cells with no significant differences between Gynecological
and Pseudomyxoma Peritonei peritoneal carcinomatosis. Notably, the number of
macrophages was higher than that of cytotoxic cells, suggesting a prevailing
immunosuppressive activity.

Furthermore, we identified a consistent presence of B-cell infiltrate. Interestingly, unlike the
previously mentioned cell types, B-cells were less abundant in the intratumoral areas but
tended to form microaggregates within the surrounding stroma. These aggregates displayed
diverse shapes and sizes and many of them were also positive for follicular dendritic cells
(CD21%), T-helper cells (CD4*) and T-cytotoxic cells (CD8") . Based on these observations,
we hypothesize that these aggregates represented the formation of tertiary lymphoid
structures.

Given the current focus on immune checkpoint studies, our other goal was to investigate the
expression of PD1 and PD-L1 revealing a strong expression in patients with immune
aggregates.

By comparing Gynecological patients with Pseudomyxoma Peritonei patients, we observed
a higher percentage of expression in the latter group.

Finally, we focused our analysis on immune infiltrates in residual peritoneal tissue biopsies
following cytoreductive surgery and HIPEC treatment.

Despite the limitations represented by the small size and paucicellularity, we performed
immunohistochemical analyses on only 7 samples. Overall, we highlighted a reduction
expression of all markers analyzed, except for CD163, which remained higher.

The maintenance of high levels of expression of CD163 expression could be attributed to

peritoneal resident macrophages or be a direct consequence of the HIPEC treatment.

38



This project had a significant limitation linked to the restricted number of patients due to the
infrequent utilization of HIPEC, for this reason we were no able to obtain association with

clinical outcomes.
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7. CONCLUSIONS

Peritoneal carcinomatosis is a complex disease, and the composition of its immune
microenvironment can vary among patients with different primary tumors.

Our analyses revealed a robust recruitment of T and B cells, alongside the presence of
immunosuppressive cells populations and expression of immune checkpoint molecules.
Treatment involving cytoreduction and HIPEC resulted in an overall decrease of immune
cells infiltrates, with the exception of macrophages.

A notable finding was the identification of forming tertiary lymphoid structures, which could
be associated with improved prognosis.

Therefore, it would be advantageous to conduct further investigations involving a larger
patient cohort to establish correlations between the assessed immunological markers and

clinical outcomes.
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