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1. RIASSUNTO  

Presupposti dello studio 

Il carcinoma ovarico sieroso di alto grado (HGSOC) è il sottotipo più aggressivo di 

tumore ovarico epiteliale. Viene spesso diagnosticato in fase avanzata (FIGO III-

IV) e presenta una sopravvivenza a cinque anni inferiore al 30%. La prognosi 

sfavorevole è dovuta alla frequente comparsa di resistenze e recidive, nonché alla 

scarsa immunogenicità di questo tumore, definito “cold tumor” per via del suo 

microambiente tumorale (TME) immunosoppressivo. In questo contesto, la 

presenza di Tumor Infiltrating Lymphocytes (TILs) e di Tertiary Lymphoid 

Structures (TLSs) ha assunto una rilevanza crescente come potenziale biomarcatore 

prognostico e predittivo, soprattutto dopo il trattamento chemioterapico 

neoadiuvante (NACT).   

 

Obiettivi 

L’obiettivo dello studio è valutare il ruolo prognostico, in termini di Disease Free 

Survival (DFS) e Overall Survival (OS), dei linfociti CD8+ intraepiteliali (ieCD8+) 

e totali (tCD8+), dei linfociti B (CD20+) e delle strutture linfatiche terziarie (TLSs), 

in pazienti con HGSOC sottoposte a NACT. Inoltre, vengono analizzate le 

correlazioni clinico-patologiche con lo score di risposta chemioterapica (CRS) e 

con lo stato mutazionale BRCA (1-2). 

 

Materiali e metodi 

Si tratta di uno studio retrospettivo, monocentrico, condotto presso la Clinica 

Ginecologica Ostetrica, in collaborazione con l’Anatomia Patologica dell’Azienda 

Ospedale-Università di Padova. Sono state incluse pazienti con diagnosi istologica 

di HGSOC trattate con NACT e successiva Interval Debulking Surgery (IDS). 

Durante l’IDS sono stati prelevati campioni omentali, analizzati con colorazione 

H&E, per valutare la presenza visiva di TLS e, con colorazione immunoistochimica, 

per quantificare i linfociti T (ieCD8+ e tCD8+) ed i linfociti B (CD20+). Sono stati 

inoltre raccolti i dati clinico-anamnestici. Le conte cellulari per campo ad alto 

ingrandimento (HPF) sono state confrontate, tramite test di Mann-Whitney, tra 

pazienti con DFS minore o maggiore di 360 giorni. La correlazione tra le diverse 
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classi di infiltrato linfocitario (CD8+ e CD20+), TLSs, stato mutazionale BRCA e 

CRS (1-2 vs 3) è stata valutata utilizzando il coefficiente di correlazione di 

Spearman.  È stato ritenuto statisticamente significativo un p-value <0.05.  

 

Risultati 

Sono state incluse 17 pazienti con HGSOC avanzato trattate con NACT e IDS. La 

DFS mediana è risultata di 298 giorni, l’OS di 526 giorni. Le pazienti con DFS 

>360 giorni presentavano maggiori infiltrati di tCD8⁺ (p<0.02), ieCD8⁺ (p<0.002) 

e CD20⁺ (p<0,03). Inoltre, è stata riscontrata con maggiore frequenza la presenza 

di TLS (83.3% vs 27.3% del gruppo DFS <360) (p<0.05). L’analisi di correlazione 

ha evidenziato una forte associazione tra tCD8⁺ e ieCD8⁺ (rs = 0.69), e tra CD8⁺ e 

CD20⁺ (rs = 0.63). La DFS correlava positivamente con ieCD8⁺ (rs = 0.73), tCD8⁺ 

(rs = 0.58) e CD20⁺ (rs = 0.39), ma non presentava correlazione con CRS. Lo stato 

BRCA mostrava solo correlazione moderata con DFS (rs = 0.45). 

 

Conclusione 

Lo studio ha evidenziato come la densità dei linfociti T CD8⁺, in particolare 

intraepiteliali (ieCD8⁺), rappresenti un fattore prognostico favorevole nelle pazienti 

con HGSOC avanzato trattate con NACT e IDS, correlando con una maggiore DFS. 

Anche i linfociti B CD20⁺, seppur meno abbondanti, risultano associati a prognosi 

migliore, suggerendo un’azione sinergica con i linfociti T. Le TLSs, pur essendo 

più frequenti nelle pazienti con DFS maggiore a 360 giorni, non hanno mostrato 

una correlazione significativa con la sopravvivenza, probabilmente a causa dei 

limiti metodologici della valutazione. Il CRS non ha mostrato correlazione con DFS 

e con l’infiltrato linfocitario, suggerendo che la sola regressione istologica non 

rifletta appieno il rimodellamento immunitario indotto dalla NACT. Anche lo stato 

mutazionale BRCA risulta associato a prognosi favorevole, in relazione a maggiore 

infiltrato linfocitario e sensibilità alla chemioterapia. Nel complesso, i risultati 

sottolineano il ruolo prognostico dell’infiltrato immunitario post-NACT e la sua 

potenziale integrazione con parametri clinico-patologici tradizionali, al fine di 

stratificare i pazienti e identificare coloro che potrebbero beneficiare 

dell’immunoterapia. 
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2. ABSTRACT 

Background 

High Grade Serous Ovarian Carcinoma (HGSOC) is the most aggressive subtype 

of Epithelial Ovarian Cancer. It is often diagnosed at an advanced stage (FIGO III–

IV) and has a 5-year survival rate below 30%. The poor prognosis associated with 

the development of resistance and recurrence, as well as the low immunogenicity 

of this cancer, which is defined as a “cold tumor” due to its immunosuppressive 

microenvironment (TME). In this context, the presence of Tumor Infiltrating 

Lymphocytes (TILs) and Tertiary Lymphoid Structures (TLSs) become 

increasingly important as potential prognostic and predictive biomarkers, 

particularly following Neoadjuvant Chemotherapy (NACT). 

Aims 

The aims of this study were to evaluate the prognostic role, in terms of Disease-

Free Survival (DFS) and Overall Survival (OS), of intraepithelial and total CD8⁺ T 

lymphocytes (tCD8+ and ieCD8⁺), B lymphocytes (CD20⁺), and Tertiary Lymphoid 

Structures (TLSs) in patients with HGSOC treated with NACT. Secondary aims 

were to investigate clinicopathological correlations with the Chemotherapy 

Response Score (CRS) and BRCA (1-2) mutational status. 

Materials and Methods 

This retrospective, single-center study was conducted at the Gynecology and 

Obstetrics Clinic in collaboration with the Pathology Unit of the Azienda Ospedale-

Università di Padova. Patients with histological diagnosis of HGSOC treated with 

NACT followed by Interval Debulking Surgery (IDS) were included. During IDS, 

omental biopsies were collected and analysed with H&E staining for the visual 

assessment of TLSs, and with immunohistochemistry to quantify ieCD8⁺, tCD8⁺, 

and CD20⁺ lymphocytes. Clinical and anamnestic data were also collected. 

Cell counts per high-power field (HPF) were compared between patients with DFS 

greater than 360 days and those with DFS less than 360 days using the Mann–

Whitney test. Correlations among lymphocyte subsets (CD8⁺ and CD20⁺), TLSs, 

BRCA mutational status, and CRS (1–2 vs 3) were assessed using Spearman’s 

correlation coefficient. A p-value<0.05 was considered statistically significant. 
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Results 

Seventeen patients with advanced HGSOC treated with NACT and IDS were 

included. Median DFS was 298 days, and OS was 526 days. Patients with DFS > 

360 days showed higher infiltrates of tCD8⁺ (p<0.02), ieCD8⁺ (p<0.002), and 

CD20⁺ (p<0.03). TLSs were more frequent in this group as well (83.3% vs 27.3% 

in DFS <360; p<0.05). Correlation analysis revealed strong associations between 

tCD8⁺ and ieCD8⁺ (rs=0.69), and between CD8⁺ and CD20⁺ (rs=0.63). DFS 

correlated positively with ieCD8⁺ (rs=0.73), tCD8⁺ (rs=0.58), and CD20⁺ (rs=0.39), 

but did not correlate with CRS. BRCA mutational status showed only moderate 

correlation with DFS (rs=0.45). 

Conclusion 

This study demonstrated that the density of CD8⁺ T lymphocytes, particularly 

intraepithelial (ieCD8⁺), represents a favourable prognostic factor in patients with 

advanced HGSOC treated with NACT and IDS, being significantly associated with 

longer DFS. CD20⁺ B lymphocytes, although less abundant, were also linked to 

better prognosis, suggesting a synergistic effect with T lymphocytes. TLSs, while 

more frequent in patients with DFS greater than 360 days, did not show a significant 

correlation with survival, likely due to methodological limitations of their 

evaluation. CRS had no correlation with DFS and with lymphocytic infiltration, 

indicating that histological regression alone does not fully reflect the immune 

remodelling induced by NACT.  

BRCA mutational status was associated with better prognosis, related to higher 

lymphocytic infiltration and increased chemosensitivity.  

Overall, these findings highlight the prognostic role of the immune infiltrate in the 

post-NACT Tumor Microenvironment (TME) and support its integration with 

traditional clinicopathological parameters to improve prognostic stratification and 

identify patients potentially eligible for immunotherapy. 
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3. INTRODUCTION 

3.1. Ovarian cancer general features  

3.1.1. Epidemiology 

Ovarian Cancer (OC) ranks as the eighth most common malignancy affecting 

women worldwide and the most lethal gynaecologic tumor, often referred as the 

“Silent Killer”, due to its late diagnosis and poor survival outcomes. (1,2).  

In 2025, approximately 20.890 new cases are estimated (1% of all new cancer 

cases) and 2,730 (2.1% of all cancer deaths) cancer-related deaths in the USA. (2)  

Due to its asymptomatic onset and the lack of effective screening tools, around 70% 

of cases are already metastasized at the time of diagnosis. For tumours classified as 

FIGO III or IV the five-year survival-rate drops below 30%, compared with over 

90% in early stages. Although transvaginal ultrasound and the serum biomarker 

CA-125 are currently the main diagnostic methods, they have not significantly 

reduced overall mortality rates. (3) 

Furthermore, the incidence is higher starting from age 45, with increasing incidence 

between 55 and 74 years old and a median age at diagnosis of 63 years. (4) 

 

3.1.2. Histopathology Classification 

Ovarian Carcinomas (OC) are a heterogeneous group of neoplasms, traditionally 

classified into four distinct sub-types according to histological characteristics and 

degree of differentiation.  

In terms of frequency, the most common type is the Epithelial, approximately 90% 

of primary malignancy tumour, followed by Germ Cells (~5%), Stromal Cell 

(~4%), and those arising from Non-specific Ovarian Mesenchyme.  Among them, 

Epithelial Ovarian Cancer is the most frequent after the age of 50, whereas Germ 

Cell tumours typically occur in women under the age of 40. (1,3)  
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3.1.2.1. Epithelial Ovarian Cancer (EOC) 

Epithelial Ovarian Cancers share multiple features with normal epithelial cells 

lining different organs in the female genital tract.  

This observations are not surprising considering the fact that all these epithelia, as 

well as the cells lining the peritoneal cavity, comes from a common embryological 

precursor, the coelomic mesothelium. (5) 

According to the WHO 2020 Classification of female genital tumors, EOCs 

comprise five major histotypes (based on tumour cell morphology, 

immunohistochemical and molecular characteristics), which are: 

• Serous (30–70%, low and high grade). 

• Endometrioid (10–20%). 

• Clear Cell (3–10%). 

• Mucinous (5–20%). 

• Undifferentiated (1%).  

The corresponding 5-year survival rates for these subtypes are 20–35%, 40–63%, 

40–69%, 35–50%, and 11–29%, respectively.  

Those subtypes also differ for biological behaviour (benign, borderline and invasive 

form), risk factors and treatment response. (6,7)  

After being initially categorized by cell type, Epithelial ovarian tumours are further 

classified, according to Kurman’s model, into Type I and Type II. 

Type I tumours (approximately 25% of OC) include Endometrioid, Low Grade 

Serous type, Clear Cells, Mucinous and Brenner Tumour. They are usually indolent, 

low-grade neoplasms, often associated with precursor lesions such as borderline 

tumors or endometriosis, and their harbor mutations in KRAS, BRAF, PTEN, and 

ERBB2.  

Type II (approximately 75%) includes High Grade Serous (HGSOC), 

Carcinosarcoma and Undifferentiated carcinoma. They are aggressive, rapidly 

proliferating tumors, late stage diagnosed and associated with poor prognosis. Their 

molecular profile is characterized by universal TP53 mutations, frequent BRCA1/2 

alterations, and marked genomic instability. (3)  
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Overall, HGSOC represents the prototypical Type II tumor and accounts for the 

majority of ovarian cancer related deaths worldwide (3,7). 

 
Figure 1 - Stratification of (tubo)-ovarian carcinomas.(7) 

 

3.1.2.2. Serous Ovarian Cancer 

Originating from the Fallopian Tubes, Serous Ovarian Carcinoma (SOC) is the most 

common epithelial ovarian cancer and is divided into Low Grade (LGSOC) and 

High Grade Serous Ovarian Cancer (HGSOC), based on morphology, nuclear 

atypia, and mitotic rate (8). According to the two-tier system, LGSOC display mild 

to moderate atypia with ≤12 mitoses per 10 high power fields (HPFs), while 

HGSOC has marked atypia with >12 mitoses per 10 HPFs. (9) 

Another distinctive feature is the disease stage at diagnosis: LGSOC is usually in 

FIGO stage I-II, in contrast to HGSOC, which is usually at FIGO stage III-IV. (10) 

LGSOC represents 5 % of OC diagnoses, typically affecting younger women and 

often associated with serous borderline tumors. It is characterized by KRAS, BRAF, 
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and ERBB2 mutations, wild type TP53, frequent ER/PR positivity, and relative 

indolent but intrinsically chemo-resistant clinical course. For this reason, hormonal 

therapy may represent a therapeutic options. (10,11) 

HGSOC is the most common and aggressive form (75% of all EOCs). It generally 

presents at advanced FIGO stage (III-IV), with early dissemination to the peritoneal 

cavity. Recent studies, support its origin from both Cortical Inclusion Cysts (CICs), 

formed by invaginations of Ovarian Surface Epithelium (OSE), and Fallopian Tubal 

Epithelium (FTE).   

HGSOC, as confirmed by The Cancer Genome Atlas, presents surprisingly few 

somatic mutations. However, germline BRCA mutations and homologous 

recombination DNA repair (HRR) defects account for 50% of HGSC cases (10–

13). Immunohistochemically, it is typically WT1-positive, p53 aberrant and 

Estrogen Receptor (ER)-positive (≥75% cases). (14) 

Clinically, HGSOC is highly sensitive to platinum-based chemotherapy (around 

80%), but most patients relapse and acquire resistance over time, leading to poor 

long-term survival. Patients harbouring BRCA mutations generally have improved 

responses to platinum agents and PARP inhibitors, resulting in survival advantage. 

(11) 

The unique biology and tubal origin of HGSC make the most relevant model to 

study tumor-immune interactions. In this context, the analysis of Tumor Infintrating 

Lymphocytes (TILs) and Tertiary Lymphoid Structures (TLSs), especially in the 

setting of Neoadjuvant Chemotherapy (NACT), has gained increasing relevance for 

understanding prognosis and guiding novel therapies. (10,15,16) 

3.1.2.3. Endometrioid, Clear Cell and mucinous ovarian cancer 

Endometrioid and Clear Cell ovarian carcinoma represent 9-10 % of Epithelial 

Ovarian Cancers (EOCs), it is often diagnosticated in early stage in women between 

50 and 60 years old. It is strongly associated with endometriosis and may express 

hormone receptors (Estrogen/Progesterone Receptors). Frequent genetic alterations 

are ARID1A, PIK3CA, HNF1B and PTEN, and DNA MMR-genes mutations, with 

TP53 and germline BRCA-mutations occurring in High Grade forms. (10)  
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On the other hand, Clear Cell Ovarian Cancer (CCOC) showed high levels of 

intrinsic chemoresistance, and advanced stadium is associated with low survival-

rate (10% 10-year survival). Its mutational profile includes ARID1A and PIK3CA 

and the TERT promoter (5–15%) mutations.  

Finally, Mucinous Ovarian Cancer (MOC), is rare (less than 5%), generally detected 

in early stadium and low grade. Thus being, MOC are highly treatment-resistant 

and metastasize frequently in gastrointestinal tract. (11) 

 

 

Figure 2 - Histologic subtypes of epithelial ovarian cancer (EOC) with associated clinical 

features and molecular alterations. (11) 

3.1.3. Risk Factors  

The precise etiology of Ovarian Cancer (OC) remains unclear. However, several 

risk factors have been identified to increase the likelihood of its development 

(Fig.4).  

3.1.3.1.  Genetic Risk Factors 

Approximately 10% of Ovarian Cancers occurs in patients with inherited familial 

syndromes (Fig.3) (17). Germline BRCA1 and BRCA2 mutations confer the 

highest lifetime risk (44-61% and 17-24%, respectively) and are strongly associated 

with High Grade Serous Ovarian Cancer (HGSOC). Other genes involved in 

homologous recombination (RAD51c/d, PALPB2 and BRIP1) and of the mismatch 

DNA repair pathway (MLH1, MSH2, and MSH6) further contribute to familial 

predisposition. These genetic factors are clinically relevant not only for prevention 

(prophylactic salpingectomy) but also for therapeutic decision. (18)  
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Figure 3 - Genetic Syndromes with increased Risk of Ovarian Cancer (19) 

3.1.3.2. Reproductive and Hormonal Factors 

Conditions leading to prolonged ovulatory cycles (early menarche, late menopause,  

low parity) are associated with increased risk (20). In contrast, oral contraceptive 

use, full term pregnancy, and breast feeding are protective. The role of polycystic 

ovarian syndrome (PCOS) and fertility treatments remains less clear (21,22). 

Endometriosis represents a recognized risk for Endometrioid and Clear Cell OC. 

(23) 

3.1.3.3. Lifestyle and Environmental Factors 

Obesity, diabetes mellitus, sedentary behaviour, smoking and alcohol consumption, 

as well as exposure to ionizing radiations and occupational hazard, like shift work, 

are associated with increased OC’s risk and worse survival outcomes. All these 

factors contribute to cause systemic inflammation and oxidative stress. (21)   

A recent study also found that psychological stress, as previously demonstrated in 

lung, hepatobiliary, neck and haematopoietic or lymphoid cancers, is involved in 

OC etiology. (24)  

 

Figure 4 - OC's Risk Factors divided by hystological sub-types (21) 
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3.1.4. Clinic aspects 

Ovaries are deep within the pelvis, making the early-stage diagnosis, also 

anatomically challenging: only 25% of women with ovarian cancer are diagnosed 

at Stage I or II. In contrast, 58% are in stage III and 17% are stage IV at diagnosis.  

Moreover, in its initial stages, ovarian cancer is often asymptomatic. When 

symptoms do occur, they tend to be non-specific and commonly overlap with those 

of more prevalent conditions such as dyspepsia, irritable bowel syndrome, 

menstruation, or menopause. This further complicates early detection. 

Signs and symptoms of ovarian cancer may include: 

• Abdominal bloating or swelling. 

• Early satiety. 

• Ascites, caused by lymphatic system obstruction or metastasis to the liver 

causing portal hypertension. 

• Weight loss. 

• Discomfort in the pelvic area associated sometimes with dyspareunia. 

• Fatigue. 

• Nausea. 

• Back or flank pain. 

• Changes in bowel habits, such as constipation or diarrhea. 

• Urinary frequency or urgency. 

• Abnormal vaginal bleeding. 

• Malignant pleural effusions causing dyspnoea, cough. 

• Sister Mary Joseph nodule of the umbilicus (20,25). 

3.1.5. Screening  

To date, no effective screening test exists, even for women with BRCA mutations.  

Over the years, several studies have investigated potential screening methods; 

however, none have proven to be sensitive, specific, or reliable for routine clinical 

use.   

The biomarker Carbohydrate antigen 125 (CA125) is the most widely studied 

biomarker but suffers from low sensitivity in early stage and poor specificity, being 

elevated in several benign gynaecological and systemic conditions. (26,27)  
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Human Epididymis Protein 4 (HE4) offers greater specificity, and combined 

algorithm such as ROMA (Risk of Ovarian Malignancy Algorithm) improve risk 

stratification.   

Cytology screening is not feasible for ovarian cancer, primarily due to the 

anatomical location of the ovaries and the high risk of intraperitoneal dissemination 

of malignant cells during Fine Needle Aspiration Cytology (FNAC).  

However, a recent trial suggested that annual screening may offer potential benefits 

when based on an algorithm that incorporates serial CA125 measurements, 

followed by transvaginal ultrasound in women identified as high risk. (28)  

3.1.6. Diagnostic work-up  

The diagnosis process (Fig.5) in suspected ovarian cancer (OC) requires 

multimodal approach integrating clinical, imaging, biochemical, and histological 

assessment. 

A thorough medical history is essential, with attention to family history of 

breast/ovarian cancer or Lynch syndrome, reproductive factors, and previous 

gynaecological diseases. The physical exam includes a bimanual rectovaginal 

examination, assessing pelvic masses, ascites, or nodularity suggestive of peritoneal 

spread. 

Regarding diagnostic imaging, the first choice is Transvaginal and Abdominal 

Ultrasound, highly sensitive for adnexal masses, though operator dependent.   

The gold standard is Computed Tomography (CT), which is used to evaluate tumour 

size, lymph node involvement, metastases, and to determine disease stage, and in 

the end select treatment options and assess response to treatment. (17,29)  

Magnetic Resonance imaging (MRI) is particularly useful in characterizing 

indeterminate adnexal masses and evaluating local pelvic spread with superior soft-

tissue contrast. Positron Emission Tomography (PET) may be used to detect distant 

metastases or recurrences (19,20,30).  

 

Further diagnostic procedures include complete blood tests, including CA125, HE-

4, Interleukin-6 (IL-6), Alpha-fetoprotein (AFP), Beta human Chorionic 

Gonadotropin (Beta-hCG), Inhibin A and B, Folate receptor alpha and in some cases 
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CEA and CA 19.9 to rule out possible gastrointestinal pathology, metabolic panel 

and genetic testing. 

 

In the end, to be complete the diagnostic workup requires histopathological 

confirmation, typically obtain by operative laparoscopy, in line with current AIOM 

Guidelines. This also allows assessment of operability and planning of Primary 

Debulking Surgery (PDS) versus Interval Debulking Surgery (IDS). (26) 

 
Figure 5- Diagnostic flowchart (19) 
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3.2. FIGO Staging Classification  

The FIGO classification for ovarian cancer, first introduced in 1973 and later 

revised in 2014, remains the international standard for staging. It provides valuable 

prognostic information while guiding treatment decisions. And in this case, the 

FIGO staging has been reported with the corresponding AJCC staging system 

(TNM Classification) (tab.1) (31). 

 

 

 

 

 

 

 

3.2.1. FIGO Related survival rate  

The prognosis of ovarian cancer is influenced by the stage of the disease and 

histological subtype. Five-year survival rate reaches 90% when the tumour is 

limited to the ovary, but decreased to 15–20% in advanced stages (FIGO III and 

IV), because is mainly diagnosticated in metastatic stage (30) (Fig.6). 

 

 

 

 

 

 

Figure 6- Ovarian Cancer Survival Rates by Tumor Stage and Type (19). 

Table 1 - FIGO Staging Classification for cancer of the ovary, fallopian tube, and peritoneum (Int J 

Gynaecol Obstet, 2021) 
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Additional prognostic factors include age at diagnosis, etnia (with non-Hispanic 

Black women showing the lowest survival rates for serous carcinoma) (1), elevated 

BMI (as obese women tend to have reduced survival rates) and sedentary lifestyle 

(23,32). However, the effect of environmental factors on survival is still not well 

understood and requires further study. 

3.3. Treatment HGSOC 

3.3.1. Surgical 

Surgical treatment remains the cornerstone of therapy for High Grade Serous 

Ovarian Cancer (HGSOC).  

Primary Debulking Surgery (PDS) is recommended anytime is feasible, as complete 

cytoreduction (R0) is the strongest prognostic factor for survival.  

In early-stage (FIGO I-II) conservative surgery may be considered in young patients 

wishing to preserve fertility, although the risk of recurrence remains relevant (25-

30%) and often justifies adjuvant chemotherapy.  

In advanced stages (FIGO III-IV), surgery is considerably more complex and may 

require multivisceral resections to achieve optimal cytoreduction. However, when 

complete resection is unlikely due to extensive tumor burden or poor performance 

status, Neoadjuvant Chemotherapy (NACT) followed by Interval Debulking 

Surgery (IDS) represents a valid alternative, minimizing perioperative risks (30). 

The primary objective of surgery remains achieving an R0 resection. (33)  

Randomized phase III trials (CHORUS, Vergote et al.) demonstrated that IDS 

provides comparable outcomes to PDS, with reduced perioperative morbidity and 

improved surgical feasibility. (34,35) Usually it is followed by adjuvant 

chemotherapy (36). 

3.3.2. Chemotherapy  

Chemotherapy for Ovarian Cancers (OCs) usually consists of six cycles of 

Carboplatin (AUC 5) and Paclitaxel (175 mg/m²) administered every three weeks 

(Fig.7) (33). Primary debulking surgery (PDS) followed by adjuvant chemotherapy 

remains the gold standard for patients with resectable disease, while the indication 
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for adjuvant therapy in early or intermediate-risk stages is guided by histological 

grade and stage (30,37).  

3.3.3. Neoadjuvant Chemotherapy (NACT) 

Neoadjuvant Chemotherapy (NACT), generally based on three cycles of 

Carboplatin (AUC 5 or 6) and Paclitaxel (175 mg/m² every three weeks) (38), is 

considered the treatment of choice for patients not eligible for PDS. (30)  

The main goal of NACT is to reduce tumour volume and increase the possibility to 

achieve optimal cytoreduction during Interval Debulking Surgery (IDS), lowering 

surgical complexity and morbidity, and improving overall outcomes (36).  

In addition, NACT has been shown to increase immune cell infiltration and PD-L1 

expression, inducing local immune activation and potentially enhancing tumour 

immunogenicity. (37) Furthermore, when combined with effective cytoreductive 

surgery, NACT has been associated with improved median survival.  

However, extending the number of NACT cycles has been linked to poorer Overall 

Survival (OS) and platinum resistance. (37) 

3.3.4. Chemotherapy responsive score (CRS) 

To assess pathological response to Neoadjuvant Chemotherapy (NACT) in High 

Grade Serous Ovarian Carcer (HGSOC) stage III or higher, Böhm et al. introduced 

the Chemotherapy Response Score (CRS), a reproducible histopathological 

prognostic system based omental evaluation. (39) 

 

Figure 7 - Chemotherapy treatment NCCN guidelines 



17 
 

 
 

Patients are stratified into three groups: CRS 1 (minimal response), CRS 2 (partial 

response), and CRS3 (complete/near-complete response) (fig.8) (40).  

Figure 8 - Examples of histopathologic features corresponding to Chemotherapy Response Score 

(CRS) 1 to 3. (41) 

CRS has been validated as a prognostic tool, correlating with Disease Free Survival 

(DFS) when combined with clinical factors such as FIGO stage, age, and debulking 

status. Unlike CA-125, which decreases significantly after the third cycle of NACT 

in most patients but does not distinguish different pathological responses, CRS 

discriminate prognosis more effectively. (Tab. 2) (41) 

Patients with CRS3 (approximately 30–40% of cases) show significantly improved 

DFS and lower risk of platinum resistance compared with CRS 1-2. The impact of 

novel therapeutic agents, like Bevacizumab, in the neoadjuvant or adjuvant setting, 

on the prognostic value of CRS remains under investigations (41,42). 

CRS Histological Description Chemotherapy 

Response 

Clinical 

Significance/Prognosis 

1 No or minimal tumor response. Predominantly viable 

tumor with absent or minimal regression-associated 

fibroinflammatory changes, limited to a few foci. 

Difficult to distinguish regression from desmoplasia or 

inflammation. 

Poor response. Less favourable prognosis, 

possible treatment resistance.  

2 Appreciable tumor response with readily identifiable 

viable tumor. Multifocal or diffuse regression-associated 

changes with residual tumor in sheets, nodule, or 

streakes.  

Intermediate 

response.  

Variable prognosis: close 

monitoring advised. 

3 Complete or near complete response. No residual tumor 

or only minimal scattered tumor foci (<2 mm). 

Predominantly regression-associated fibroinflammatory 

changes or absence of tumor cell.  

Optimal response. Favourable prognosis, 

associated with improved 

survival.  

Table 2 - Comparison between CRS 1,2,3. (41) 
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3.3.5. Maintenance therapy and second-line treatment 

At the end of first-line chemotherapy with Carboplatin and Paclitaxel, maintenance 

therapy is mainly based on Poly-ADP-Ribose-Polymerase (PARP)-inhibitors, such as 

Olaparib or Niraparib.  

In platinum-sensitive patients with germline BRCA mutations, as well as in those with 

Homologous Recombination Deficiency (HRD), these agents have demonstrated a 

significant benefit in terms of Disease Free Survival (DFS) (43). In addition, Olaparib 

in combination with Bevacizumab has shown efficacy as maintenance therapy in HRD-

positive patients, indipendent of BRCA status (PAOLA-1 trial) (44,45).  

Despite initial chemosensitivity, High Grade Serous Ovarian Carcinoma (HGSOC) 

almost always develops resistance, with a 10-year DFS rate below 30%. (43)  

Approximately 70 % of patients experience recurrence, and second-line treatment 

decisions are primarily guided by the Platinum-Free Interval (PFI), defined as the time 

between the last platinum-based chemotherapy and the clinical recurrence. 

Based on this interval, patients are categorized as follows: 

• Platinum-refractory (progression within 1 month). 

• Platinum-resistant (within 6 months). 

• Partially platinum-sensitive (between 6 and 12 months). 

• Platinum-sensitive (more than 12 months). 

 

Patients with platinum-sensitive disease may benefit from another round of 

platinum-based combinations, often followed by maintenance with PARP-i, while 

patients with platinum-resistant disease are usually treated with non-platinum 

chemotherapeutic agents, such as Topotecan, Pegylated Liposomal Doxorubicin, 

and Gemcitabine, often in combination with Bevacizumab. (43,46–48)   

In recent years, maintenance therapy strategies have changed the therapeutic 

landscape of ovarian cancer, but long-term disease control remains challenging. 

This led to the exploration of Immunotherapy as a complementary approach, aiming 

to overcome platinum resistance and improve survival. (46,47)  
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3.3.6. Immunotherapy 

Although mortality for High Grade Serous Ovarian Cancer (HGSOC) remains high 

despite advances in surgery and chemotherapy, immunotherapy is increasingly seen 

as a promising strategy, thanks to a better understanding of the Tumor 

Microenvironment (TME). HGSOC is usually considered “cold tumor”, with low 

immunogenicity and modest responses to Immune Checkpoint Inhibitors (ICIs), 

such as Pembrolizumab (47,49,50)  

The most important predictive marker explored is the expression level of PD-L1, 

measurable either as the percentage of tumor cells expressing PD-L1, or as a 

combined score including tumor cells, lymphocytes, and macrophages. Higher PD-

L1 expression has been associated with better responses to Pembrolizumab therapy 

in some ovarian cancer cohorts (49,51). However, recent evidence suggests that 

PD-L1 alone may not be sufficient as a robust biomarker of response in HGSOC, 

and its predictive role remains uncertain (52). 

In addition to PD-L1, other biomarkers are being investigated to stratify sensitivity 

or resistance to ICIs, with the goal of developing more personalized therapies. 

These include the Tumor Mutational Burden (TMB), Tumor Infiltrating 

Lymphocytes (TILs), and intra-tumoral neoantigen heterogeneity (53).  

 

The presence and maturation of Tertiary Lymphoid Structures (TLSs) within 

HGSOC have emerged as favourable prognostic and predictive markers. Mature 

TLSs, particularly when induced by Neoadjuvant Chemotherapy (NACT), appear 

to enhance local immune activation, preserve a CD8⁺ T-cell phenotype responsive 

to ICIs, and are associated with improved Overall Survival (OS). (15,16,54) 

For this reason, combining TLS-mediated TME remodelling with Immune 

Checkpoint Blockade represents a potential strategy to convert immunologically 

“cold tumors” into “hot tumors”, thereby inducing a stronger and more durable 

antitumor immune response (47,55). 
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3.4. Tumor Microenviroment (TME) 

3.4.1. General features of the ovarian cancer TME 

To understand the intrinsic characteristics that give ovarian cancer, and in particular 

High Grade Serous Ovarian Cancer (HGSOC), its high aggressiveness and 

resistance to treatment, it has emerged that the Tumour Microenvironment (TME) 

is a key element. The TME is composed of a complex network of stromal, immune, 

and vascular components (fig.9) which, through their interactions, mediate  

phenotypic plasticity of the environment, disease progression, and tumor’s 

immunogenicity (10).  

Furthermore, in HGSOC, the TME plays a central role in transcoelomic 

dissemination and ascites formation, generating an immunosuppressive fluid 

microenvironment that promotes peritoneal spread and immune evasion. (10,56). 

3.4.2. Stromal compartment and chemoresistance 

The stromal compartment of the Tumor Microenvironment (TME) is mainly 

composed of Cancer-Associated Fibroblasts (CAFs), endothelial cells, pericytes, 

and extracellular matrix proteins (10,56). CAFs remodel the tumour growth 

environment, secrete pro-inflammatory cytokines and growth factors, and promote 

the survival of Ovarian Cancer Stem Cells (OCSCs), which are resistant to 

chemotherapy. Multidrug resistance (MDR) is also mediated by ATP-binding 

cassette (ABC) transporters and extracellular vesicles (EVs), including exosomes 

and microvesicles. These structures reduce intracellular drug concentration or 

transfer resistance-associated molecules, further promoting chemoresistance(56). 

 

 

 

Figure 9 - Ovarian cancer fluid and solid Tumor Microenvironments (TME) (10) 
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3.4.3. Innate immunity in the Tumor Microenvironment 

Innate immunity includes Dendritic Cells (DCs), Natural Killer (NK) cells, Myeloid 

Derived Suppressor Cells (MDSC), and Tumor Associated Macrophages (TAMs). 

(56). TAMs comprise two subtypes with opposing functions: M1-like macrophages, 

anti-tumorigenic, and M2-like macrophages, pro-tumorigenic.   

Recent studies have also demonstrated a synergistic interaction between CAFs and 

M2-like macrophages, as well as a role of M2 macrophages in the development of 

chemoresistance through activation of the PI3K/AKT signalling pathway and the 

promotion of ABC transporter synthesis. (57,58)  

Dendritic cells (DCs) are key antigen-presenting cells essential for the activation of 

T lymphocytes. However, once infiltrated into the ovarian Tumor 

Microenvironment (TME), DCs lose functionality due to the tumor’s 

immunosuppressive conditions, thereby impairing T cell–mediated antitumor 

immunity.  

Inflammatory DCs (inf-DCs) promote tumor progression by secreting IL-6 and 

galectin-1, while plasmacytoid DCs (pDCs), frequently found in advanced stages, 

are associated with early relapse. The correlation between infiltrating DCs and 

patients’ clinical prognosis remains unclear, likely due to the complexity of the 

TME and the functional heterogeneity of DCs themselves (59). 

3.4.4.  Adaptive immunity in the TME 

Figure 10 - Ovarian cancer fluid and solid Tumor Microenvironments (TME) (11) 



22 
 

The adaptive immune compartment consists mainly of T and B lymphocytes. T 

lymphocytes are abundant in both tumor tissue and ascites, where they form Tumor 

Infiltrating Lymphocytes (TILs) and Tumor Associated Lymphocytes (TALs) (60). 

With regard to TILs, two subsets have been identified: intraepithelial TILs  

(ieTILs), which are in direct contact with neoplastic cells, and stromal TILs (sTILs), 

which are located in the peritumoral stroma. (59)  

It is important to highlight that the presence of CD3+ TILs has proven to be a 

positive prognostic factor, associated with an increase in the five year survival rate 

to 38%, compared to only 4.5% in patients with tumors lacking TILs. (59) 

Specifically, Lin Zhang et al. demonstrated that the presence of ieTILs significantly 

impacts parameters such as Disease Free Survival (DFS) and Overall Survival (OS) 

(61). 

Different types of immune cell infiltration also exert distinct effects on prognosis: 

high CD8⁺ TIL density, together with an elevated CD8⁺/Treg ratio and concurrent 

infiltration of CD20⁺ B cells, has been shown to synergistically improve prognosis 

(60,62). Conversely, high infiltration of regulatory T cells (Tregs) correlates with 

poor prognosis due to their suppressive role on antitumor immunity (Fig.10) (10). 

3.5. Tertiary Lymphoid Structures (TLSs) 

3.5.1. Definition and characteristics of TLSs 

Tumor-Associated Tertiary Lymphoid Structures (TA-TLSs) are organized ectopic 

aggregates arising in non-lymphoid tissues under chronic inflammatory conditions 

such as cancer. They act as local immune niches that support adaptive immune 

responses. (47,63)  

Unlike secondary lymphoid organs, TLS are non-encapsulated structures and show 

heterogeneity in size, composition, and maturity. Their presence in ovarian cancer 

has been linked to improved prognosis and stronger antitumor immunity (63,64).  

The mechanisms governing the formation, growth, and maintenance of TLSs 

remain under investigation, largely due to the difficulty of standardizing their 

analysis. Indeed, TLSs display remarkable interindividual heterogeneity, both in 

their cellular composition, which may vary during disease progression and across 

different tumor type, and in their degree of structural organization. (60) 
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Considering High Grade Serous Ovarian Cancer (HGSOC), TLSs are increasingly 

recognized not only as prognostic markers but also as potential predictors of 

response to Immune Checkpoint Inhibitors (ICIs). (15,16,47,52) 

3.5.2. TLS maturation and structural organization 

According to Kasikova et al., TLS can be classified, according to their different 

maturation stages, into early-TLS (eTLS) and mature-TLS (mTLS) (Fig. 13).  

Figure 11 - Spatial TLS's organization. Comparison between eTLS and mTLS. (60) 

In H&E-stained sections, mTLS appear as dense, round or oval lymphoid follicles 

with a germinal center (Fig.11). In a cohort of 209 patients, eTLS were more 

frequent in early FIGO stages, whereas mTLS showed no significant differences 

between early and advanced stages. Moreover, patients with HGSOC and higher 

Tumor Mutational Burden (TMB) scores exhibited a greater abundance of TA-

TLSs, suggesting that neoantigen load may drive TLS formation. (15,16)  

 

Mature TLSs are composed of B-cell follicles with germinal centers, T-cell zones 

(CD4⁺ and CD8⁺), and CD21⁺CD23⁺ follicular dendritic cells.  

High Endothelial Venules (HEVs) sustain lymphocyte recruitment, while cytokines 

such as CXCL13, CCL19, and CCL21 drive spatial organization. Within TLS, 

additional cytokines such as IL-12 and IL-4 contribute to the functional polarization 

of T lymphocytes, thereby promoting cooperation among cellular compartments 

and the generation of an effective immune response (15,16,65).  

This structural arrangement supports antigen presentation, antibody production, and 

effective T-cell priming, thereby transforming the ovarian Tumor Microenviroment 

(TME) into a more immunoreactive environment (60) (Fig.12). 
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Figure 12 - Histological appearance of tertiary lymphoid structures in High Grade Serous 

Ovarian Cancer. A-C: eTLSs, D-E: mTLSs, F: germinal center of mTLS. (16) 

3.5.3. Clinical and therapeutic implications 

An effective antitumor immune response requires not only the presence of Tumor 

Infiltrating Lymphocytes (TILs) but also their activation, differentiation, and proper 

localization within the Tumor Microenviroment (TME). In this context, Tertiary 

Lymphoid Structures (TLSs) represent organized cellular aggregates that reflect an 

advanced level of immune coordination, associated with improved clinical 

outcomes and increasing interest as potential prognostic and predictive biomarkers. 

Currently, only a limited number of studies have addressed the systemic role of TLS 

as integrated immune structures and their clinical impact in the context of High 

Grade Serous Ovarian Carcinoma (HGSOC). (66) 

The presence of TLSs in HGSOC correlates with improved Overall Survival and 

enhanced immune infiltration, particularly when B and CD8⁺ T cells are found 

together (60).  

In omental metastases, TLSs enriched in B cells are linked to stronger antitumor 

immune responses (Fig. 13) (16). 

Figure 13 - The antitumor immune responses of TA-TLSs cellular components mediated in ovarian 

cancer. (60) 
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Interestingly, the presence of mTLSs at this level, particularly when induced by 

Neoadjuvant Chemotherapy (NACT), has been associated with improved Overall 

Survival (OS).  

This effect may be linked to increased endoplasmic reticulum stress and the 

upregulation of calreticulin (CRT), a chaperone protein functioning as a damage-

associated molecular pattern (DAMP). Such alterations facilitate the recruitment 

and activation of effector immune cells, thereby enhancing antitumor immunity. 

(52) 

NACT has also been shown to promote the formation and maturation of TLSs, 

preserving a CD8⁺ T-cell phenotype sensitive to ICI therapy. This suggests a 

synergistic rationale for combining chemotherapy and immunotherapy in HGSOC 

(54).  

Moreover, TLSs may enhance the efficacy of Immune Checkpoint Blockade (ICB) 

by reshaping the TME. Patients with high TMB and abundant TLSs respond more 

favourably to PD-1/PD-L1 blockade (15,67). TLSs may enhance the efficacy of 

ICB therapy by remodelling the TME, potentially serving not only as a prognostic 

marker but also as a predictive marker of therapeutic response. (47) 

   3.5.4. Concluding remarks on TLSs in Ovarian Cancer 

Tertiary Lymphoid Structures are not passive aggregates but dynamic immune hubs 

capable of orchestrating B- and T-cell interactions and amplifying antitumor 

responses.  

Their presence and maturation are associated with improved survival in High Grade 

Serous Ovarian Cancer (HGSOC), especially after Neoadjuvant Chemotherapy 

(NACT), and they may serve a predictive markers for Immune Checkpoints 

Inhibitors (ICIs) response (16).  

Future studies should focus on standardizing TLS characterization and integrating 

their assessment into clinical decision-making. (54) 
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4. AIMS OF THE STUDY 

Given the role of immune-infiltrate and Tertiary Lymphoid Structures (TLS) as 

dynamic immune hubs capable of orchestrating B- and T-cell interactions and 

amplifying antitumor responses, the primary aim of this study was to evaluate the 

prognostic impact of intraepithelial and total CD8+ TILs (ieCD8+ and tCD8+), B-

cell (CD20+), and TLS in patients with High Grade Serous Ovarian Carcinoma 

(HGSOC) following Neoadjuvant Chemotherapy (NACT). 

Secondary aims included: 

• The correlation between TLS macroscopic visual presence and lymphocytic 

infiltration (CD8⁺ TILs, B cells). 

• The relationship between TLS macroscopic visual presence and clinical 

outcomes (Disease Free Survival (DFS) and Overall Survival (OS)). 

• The assessment of potential associations with clinical-pathological features 

(Chemotherapy Response Score (CRS), BRCA status). 
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5. MATERIALS AND METHODS 

5.1. Study design and population 

We conducted a retrospective, single-center study at the Gynecology Obstetrics 

Clinic and the Pathology Unit of the University Hospital of Padua. 

The study cohort consisted of patients diagnosed with High Grade Serous Ovarian 

Carcinoma (HGSOC), evaluated first by the multidisciplinary team and selected for 

Neoadjuvant Chemotherapy (NACT) followed by Interval Debulking Surgery 

(IDS).  

 

Inclusion criteria: 

• Women ≥ 18 years old. 

• Histologically confirmed HGSOC (FIGO III–IV). 

• Treated with Neoadjuvant Chemotherapy (NACT). 

• Availability of post-NACT biopsies. 

• Follow-up ≥ 6 months. 

 

Exclusion criteria: 

• Non-serous or low-grade histotypes. 

• Insufficient tissue for histological/IHC analysis. 

• Absence of Neoadjuvant Chemotherapy (NACT) treatment. 

• Postoperative mortality related to surgical complications. 

5.2. Clinical data collection 

Clinical data were retrospectively retrieved from institutional electronic medical 

records, including: 

• Age at diagnosis, menopausal age, BMI, gynaecological history (parity, 

endometriosis, PCOS), risk factors (smoking, alcohol, diabetes), family 

history of breast/ovarian cancer. 

• FIGO stage (III-IV), BRCA (1-2) or HRD mutational status, Neoadjuvant 

Chemotherapy (NACT) type, cycles and dosages. 

• Treatment response according to Chemotherapy Response Score (CRS). 
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• Follow-up outcomes: Disease Free Survival (DFS, time from completion of 

NACT to recurrence) and Overall Survival (OS, time from diagnosis to 

death or last follow-up). 

5.3. Histological samples 

During Interval Debulking Surgery, omental biopsies were collected, fixed in 

formalin, and embedded in paraffin (FFPE). Sections (4 µm) were stained with 

Hematoxylin-Eosin (H&E) for morphological evaluation. 

Tertiary Lymphoid Structures (TLSs) located within 1 mm of tumor epithelial cells 

were analyzed. Only mature Tertiary Lymphoid Structures (mTLSs), defined by 

concentric architecture, visible germinal centers, and a darker pericentral 

lymphocyte-rich area, were considered as true TLS. Lymphoid aggregates (LA) 

were defined as clusters of ≥100 lymphocytes lacking TLS-like organization. 

5.4. Immunohistochemistry and classification criteria 

For the included patients, additional immunohistochemical staining was performed 

on omental biopsy specimens. Tissue microarrays (TMAs) were prepared; TMA 

sections (4 µm) were mounted on charged slides, baked at 60 °C for 60 minutes, 

and subsequently stained for CD20 and CD8. All slides were independently 

reviewed in a blinded fashion by a Gyneco-pathologist and a second evaluator. 

 

Cell counts of the immune infiltrate were performed by optical microscopy, 

considering a single high-power field (HPF) for each case. CD8+ cell counts were 

further differentiated into total and intraepithelial infiltration. 

 

Tertiary Lymphoid Structures (TLSs) classification criteria were defined as follows: 

TLS clusters showing the concomitant presence of CD8+ and CD20+ cells, 

suggesting a possible leukocyte aggregation. A visual analysis of TLS was 

conducted. 
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5.5. Statistical analysis 

Statistical analysis was performed using GraphPad Prism (Version 9.1.0). The 

nonparametric Mann–Whitney test was applied.   

Continuous variables were reported as mean ± standard deviation, or median with 

range, while categorical variables were expressed as absolute counts and 

percentages. 

 

Cell counts per high-power field (HPF) of total CD8+ (tCD8+), intraepithelial CD8+ 

(ieCD8+), and CD20+ cells were compared between patients with Disease Free 

Survival (DFS) <360 days versus >360 days, defined as cut-off, due to the short 

median Overall Survival (OS) observed in this cohort. We also evaluated 

correlations between tCD8, ieCD8+, CD20+, Tertiary Lymphoid Structures (TLSs) 

presence, BRCA status (1 and 2), and CRS (1–2 versus 3) with Disease Free 

Survival (DFS, <360 vs >360 days).  

 

Correlation strength was assessed using Spearman’s rank correlation coefficient 

(rs), interpreted as follows: 0.00–0.20 negligible, 0.21–0.40 weak, 0.41–0.60 

moderate, 0.61–0.80 strong, and 0.81–1.00 very strong. 

 

P-value <0.05 was considered statistically significant.  
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6. RESULTS 

6.1. Study populations 

Patients were retrospectively selected from a cohort of 50 women diagnosed with 

advanced High Grade Serous Ovarian Carcinoma (HGSOC, FIGO stage III–IV) 

and treated at the Gynecology Obstetric Unit of the University Hospital of Padua.  

From this initial cohort, 25 patients were excluded due to lack of 6 months follow-

up data. In addition, 8 patients were not considered for analysis because of 

insufficient histopathological images quality, refusal of Neoadjuvant 

Chemotherapy (NACT), or postoperative mortality related to surgical 

complications.  

Therefore, the final study population consisted of 17 patients who received 3 or 4 

cycles Platinum-based NACT (Carboplatin AUC5 plus Paclitaxel 175 mg/m²), 

followed by Interval Debulking Surgery (IDS). 

The cohort included patients carrying BRCA mutations, 3 (17,6%) with BRCA1 

and 2 (11,8%) with BRCA2 mutations, as well as 3 (17,6%) cases with Homologous 

Recombination Deficiency (HRD). Patients were stratified according to Disease 

Free Survival (DFS) into two groups, those with DFS less than 360 days and those 

with DFS more than 360 days.  

None of the patients in either group were affected by Diabetes Mellitus, 

Endometriosis, or Polycystic Ovary Syndrome (PCOS). Other risk factors, such as 

smoking and alcohol consumption, were also investigated. In the group with 

DFS<360 days, 4 (36.4%) patients reported smoking and 1 (1%) reported alcohol 

consumption, on the other hand no cases of smoking or alcohol use were observed 

in the group with DFS>360 days. 

 

DFS < 360 d 

median [range] 

DFS > 360 d 

median [range] 

Parity % 8 (72,7%) 5 (83,3%) 

% Family history OC/Breast 2 (18,2%) 4 (66,7%) 

BMI 19,2 [17,8-27,2] 21,5 [18,0-31.2] 

Table 3 - Anamnestic population description. 
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The median age at diagnosis and the median menopausal age were comparable 

between the two groups, being 66 [DFS<360 days: 55-75, DFS>360 days 55-81] 

and 50 years [DFS<360 days: 45-54, DFS>360 days: 45-55], respectively. (Tab.3) 

 

DFS< 360 d 

median [range] 

DFS > 360 d 

median [range] 

 BRCA1 status 2 (18,1%) 1 (16,7%) 

BRCA2 status  0% 2 (40%) 

HRD gene mutation 2 (18,2%) 1 (16,7%) 

FIGO stage (III vs IV) 9 (81,8%) 3 (50%) 

NACT cycles (3 vs 4) 8 (72,7%) 5 (83,3%) 

CRS (1-2)  5 (45,5%) 5 (83,3%) 

DFS (days) 263 [180-350] 421,5 [363-784] 

OS (days) 483 [237-1054] 703 [363-1270] 

Table 4- Clinical information of the study population. 

 

Twelve patients (70.6%) were diagnosed with FIGO Stage III, while the others were 

in Stage IV. The entire cohort underwent complete tumor resection, with negative 

surgical margins, both macroscopically and microscopically (R0 resection). Five 

(45.5%) patients of group with DFS<360 days presented minimal or partial 

response to chemotherapy (CRS 1-2), while five (83.3%) patients of group with 

DFS>360 days were classified with CRS 1-2. 

The median DFS for the entire cohort was 298 days [180-784]. By group, median 

DFS was 263 days [180-312] in DFS<360 days, and 421.5 days [363-784] in 

DFS>360 days.  

The median Overall Survival (OS) for the entire cohort was 526 days [237-1270]. 

Stratified by group, median OS was 483 days [237-1054] in DFS<360 days group, 

and 703 days [363-1270] in DFS >360 days group. (Tab.4) 
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6.2. Distribution of immune infiltrate subpopulations  

 

DFS < 360 d   

median [range] 

DFS > 360 d  

median [range] 

 tCD8+/HPF 151 [64-285] 257 [132-330] 

 ieCD8+/HPF 8 [0-25] 36 [13-65] 

CD20+/HPF 65 [9-102] 144 [6-325] 

 TLSs presence 3 (27,7%) 5 (83,3%) 

Table 5 – Median immune infiltrate characterization, including total and intraepithelial CD8+ 

cells, CD20+ cells, and presence or absence of tertiary lymphoid structures (TLS).  

 

Table 5 presents the quantitative assessment of immune cell infiltration in post-

NACT biopsies, based on immunohistochemical analysis. The table reports the 

counts of total and intraepithelial CD8+ T lymphocytes (tCD8+/HPF, ieCD8+/HPF), 

CD20+ B lymphocytes (CD20+/HPF), and the visual presence of Tertiary Lymphoid 

Structures (TLSs), thereby providing a concise characterization of the post-therapy 

immune microenvironment.  

Among the immune cell subsets analysed in the entire cohort, total CD8+ 

lymphocytes (tCD8+) represented the most abundant infiltrating population, with a 

median count of 182 cells/HPF [64-330].  

This exceeded the density of intraepithelial CD8+ lymphocytes (ieCD8+) of 12 

cells/HPF [0-65] and CD20+ cells (median 67 cells/HPF, [ 6-325]), highlighting the 

predominance of tCD8+ in the post-NACT immune microenvironment. 

TLSs presence was observed in 8 (47.1%) patients of the overall cohort. Stratified 

by DFS, 3 (27.7%) patients in the DFS<360 days group presented TLSs and 5 

(83.3%) in the DFS >360 days group. (Tab. 5) 
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6.2.1. Correlation between total and intraepithelial CD8+ (tCD8+ and 

ieCD8+) with DFS 

 

 

 

 

 

 

 

 

 

 

Lymphocytes tCD8+ and ieCD8+, have been valuated separately. Quantitative 

analysis of CD8⁺ T-cell infiltration demonstrated a significant association with 

disease-free survival (DFS). As illustrated in Figure 14a, patients (n=6) with DFS 

> 360 days exhibited markedly higher densities of total CD8⁺ lymphocytes (tCD8⁺), 

with a median of 257 cells/HPF, compared with patients (n=11) in the DFS <360 

days group, median 151 cells/HPF (p < 0.02, Mann–Whitney U test). 

A similar trend was observed for intraepithelial CD8⁺ lymphocytes (ieCD8⁺, Figure 

14b). Patients (n=6) with longer DFS displayed a median of 36 ieCD8⁺/HPF, 

whereas those (n=11) with shorter DFS, showed lower counts (median 8 

ieCD8⁺/HPF) (p < 0.002, Mann–Whitney U test).  

Figure 14 – a) Mann–Whitney U testing between tCD8+/HPF in patients with DFS<360 or >360 

days. (P-value<0.02).  

 b) Mann–Whitney U testing between ieCD8+/HPF in patients with DFS < 360 or >360 days. (P-

value<0.002).  

  

 

 

a) b) 
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Overall, both tCD8⁺ and ieCD8⁺ infiltrates were significantly enriched in patients 

with prolonged DFS, underscoring the prognostic relevance of CD8⁺ T-cell density 

in the post-NACT microenvironment. (Fig. 15a-b) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a) 

Figure 15- Representative histological section showing CD8+ lymphocyte infiltration, selected as 

an example to highlight the visual differences in infiltration density. a) Patient from group DFS<360 

days; b) Patient from group DFS>360 day. 

 

b) 
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6.2.2. Correlation between CD20+ lymphocytes and DFS 

 

 

 

 

 

 

 

 

 

Analysis of CD20⁺ B-cell infiltration indicates that CD20⁺ B-cell infiltration was 

significantly enriched in patients with DFS > 360 days, compared with those with 

DFS < 360 days (Figure 16). The median density of CD20⁺ lymphocytes in the 

long-DFS group (n=6) was 144 cells/HPF, while the short-DFS group (n=11) 

exhibited markedly lower values, median 65 cells/HPF (p < 0.03, Mann–Whitney 

U test). 

 

 

Figure 16 - Mann–Whitney U testing between tCD20+/HPF in patients with DFS<360 or 

>360 days. (P-value<0.03). 
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a) 

b) 

Figure 17 - Representative histological section showing CD20+ lymphocyte infiltration, selected as 

an example to highlight the visual differences in infiltration density. a) Patient from group DFS<360 

days; b) Patient from group DFS>360 day. 
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6.2.3. Impact of TLSs presence on DFS 

 
Figure 18 - Categorical distribution (yes/no) of TLSs presence according to DFS groups 

(<360 vs. >360 days). TLS presence is shown in red and absence in blue. (p < 0.05). 

 

As shown in Figure 18, TLSs were significantly more frequent in patients with DFS 

>360 days compared to those with DFS <360 days. In group with DFS<360 days 

(p<0.05), only 1 (16.7%) patient was TLS-negative, whereas in the other group, 8 

(72.7%) patients did not present TLS. 

 

 

 

 

 

 

TLS 

No TLS 
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Figure 19 - Representative H&E-stained sections showing the absence (a) and presence 

(b) of tertiary lymphoid structures (TLS). 

b) 

a) 
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6.3. Correlation Analysis   

Figure 20 - Heatmap for Spearman correlation between tCD8+, ieCD8+,CD20+, TLS, CRS, DFS. 

The Heatmap in Figure 20 shows the Correlation Analysis among immune 

infiltrates, TLS, molecular features and clinical outcomes.  

A strong positive correlation is evident between total CD8⁺ lymphocytes (tCD8⁺) 

and intraepithelial CD8⁺ lymphocytes (ieCD8⁺) (Spearman correlation, 0.69), as 

well as between tCD8⁺ and CD20⁺ B cells (Spearman correlation, 0.63).  

Disease Free Survival (DFS) showed moderate positive associations with tCD8⁺ 

(Spearman correlation, 0.58) but strong correlation with ieCD8⁺ cells count 

(Spearman correlation, 0.73). A weak correlation was also described between DFS 

and CD20⁺ infiltration (Spearman correlation, 0.39).  

In contrast, the Chemotherapy Response Score (CRS) did not correlate with DFS 

(Spearman correlation, -0.37) and did not show a relationship with ieCD8⁺ density 

(Spearman correlation, -0.61).  

Tertiary Lymphoid Structures’ (TLSs) presence had no correlations with DFS 

(Spearman correlation, -0.20) and immune subsets. Finally, BRCA mutational 

status shows a weak correlation in relation with immune infiltrate (Spearman 

correlation, between 0.28 and 0.36) and moderate correlation with DFS (Spearman 

correlation, 0.45). 
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7. DISCUSSION 

In this study, the role of immune infiltrates (ieCD8⁺, tCD8⁺, CD20⁺) and Tertiary 

Lymphoid Structures (TLSs) was analysed in relation to the outcome of patients 

with High Grade Serous Ovarian Carcinoma (HGSOC) treated with Neoadjuvant 

Chemotherapy (NACT). 

The main findings can be summarized as follows: 

• Analysis of the CD8⁺ T-cell infiltrate revealed a quantitatively 

significant difference between the two groups considered (DFS longer 

or shorter than 360 days). This infiltrate was significantly associated 

with a prolonged Disease Free Survival (DFS). Intraepithelial CD8⁺ 

lymphocytes (ieCD8⁺) showed the strongest correlation with prolonged 

Disease Free Survival (DFS). 

• The presence of CD20⁺ B cells, although less abundant than the CD8⁺ 

infiltrate, was greater in patients with longer DFS. 

• TLSs were more frequently observed in patients with DFS > 360 days; 

however, they did not show a positive correlation with DFS. 

• The Chemotherapy Response Score (CRS) showed a negative 

correlation both with DFS and with CD8⁺ T-cell density. 

• BRCA mutational status was positively correlated with DFS; however, 

this association appeared to be mediated by the presence of the 

lymphocytic infiltrate. 

7.1.CD8⁺ T-Cell Infiltration and Prognosis 

Our study shows that CD8⁺ T lymphocytes, present in omental metastasis biopsies 

from patients with High Grade Serous Ovarian Cancer (HGSOC), play a favourable 

prognostic role. In particular, patients with a high density of CD8⁺ T lymphocytes, 

both intraepithelial and total (ieCD8⁺, tCD8⁺), exhibit longer Disease Free Survival 

(DFS), confirming and extending the evidence already reported in the literature. 

(68) 

These results support the idea that cytotoxic CD8⁺ T lymphocytes play a direct role 

in anti-tumor immunity by promoting the lysis of neoplastic cells and delaying 
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recurrence. In a study published by Kasikova et al., metastases were shown to be 

immune-rich after NACT compared with the primary tumor. (52).  

The distinct assessment of total and intraepithelial CD8⁺ infiltrates revealed a strong 

correlation between the presence of intraepithelial infiltrates (ieCD8⁺; Spearman 

correlation, 0.73) and DFS, further supporting the hypothesis that close spatial 

proximity between T cells and tumor cells enhances immune control of the disease. 

Notably, an abstract published by Lin Zhang et al. demonstrated that the presence 

of intraepithelial Tumor Infiltrating Lymphocytes (ieTILs) significantly impacts 

key clinical parameters, including Disease Free Survival (DFS) and Overall 

Survival (OS). (69) 

7.2.Role of B Cells and TLS in the Post-NACT Setting 

Among patients with a Disease Free Survival (DFS) exceeding 360 days, a higher 

density of CD8⁺ T lymphocytes was accompanied by a more pronounced infiltration 

of CD20⁺ B cells, compared with those with shorter DFS. This pattern suggests a 

coordinated enrichment of cytotoxic T cells and B cells inside the Tumor 

Microenvironment (TME), following Neoadjuvant Chemotherapy (NACT). 

The observation of a higher average density of both lymphocyte subtypes (CD8+ 

and CD20+) in patients with a more favourable prognosis may be explained by the 

synergistic role played by B cells supporting T lymphocytes, whose prognostic 

value has already been well documented.  

Indeed, B cells contribute to antigen presentation, antibody production, and T-cell 

activation within the TME. The simultaneous presence of these two lymphocyte 

subsets therefore appears to exert a positive effect on survival, consistent with 

findings reported in literature (60,62).  

7.3.TLSs role in HGSOC prognosis 

TLSs were more frequent in patients with DFS > 360 days; however, their presence 

had no Spearman correlation with DFS, contrary to previous reports. Patients with 

higher lymphocyte infiltrate density also showed higher TLS frequency, supporting 

their role as immune hubs that recruit lymphocytes through HEVs before activation 

and dissemination within the tumor. Notably, the negative correlation contrasts with 

Zhang et al., who reported that TLS presence and maturation correlate with 
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improved patient outcomes. (16) Tertiary lymphoid structures (TLSs) exhibit 

substantial heterogeneity in both localization and maturation stage, which is also 

influenced by patient age at diagnosis (65), and this heterogeneity has been shown 

to affect DFS and OS. In our study, only the macroscopic visual presence of TLSs 

was assessed, without a standardized microscopic analysis to differentiate mature 

TLSs (mTLS) from early TLSs (eTLS) or to define features that could further 

stratify post-NACT tumor response and its prognostic impact.  

7.4.CRS and the Limits of Histopathological Response Assessment 

In our study, the Chemosensitivity Response Score (CRS) did not show positive 

correlation with Disease Free Survival (DFS) and lymphocyte infiltrate (CD8⁺ and 

CD20⁺). Only 26.7% of the population with DFS>360 days demonstrated an 

optimal response to chemotherapy (CRS3). However, this group exhibited a more 

abundant lymphocyte infiltrate compared with patients with DFS < 360 days, which 

appeared to influence DFS. This contrasts with the established prognostic role of 

CRS (39), suggesting that histopathological regression alone may not fully capture 

the prognostic impact of immune remodelling induced by Neoadjuvant 

Chemotherapy (NACT). In some patients, a robust immune activation may occur 

independently of, or in parallel with, chemotherapy-induced cytoreduction. This 

finding highlights the potential value of combining CRS with immune biomarkers 

(CD8⁺, CD20⁺, TLS density) to improve prognostic stratification.  

7.5.BRCA mutational status and clinical outcomes  

Our study also demonstrates a prognostic benefit of BRCA mutations on Disease 

Free Survival (DFS), which appears to be associated with a concomitant higher 

lymphocyte infiltrate in the studied population. This observation is confirmed by 

literature. Previous studies have indeed shown a better clinical response in patients 

with BRCA-mutated status, generally due to increased immune cell infiltration in 

High Grade Serous Ovarian Cancer (HGSOC). Moreover, this patient group 

exhibits a better response to Neoadjuvant Chemotherapy (NACT), attributable to 

Homologous Recombination Deficiency (HRD). (70) A study published by 

Kasikova et al. also reported that a relatively high Tumor Mutational Burden (TMB) 

is associated with a higher intratumoral density of effector CD8⁺ T lymphocytes 
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(15), supporting the observed interaction between CD8⁺ cells, BRCA mutations, 

and DFS.  

7.6.Comparison with other solid tumors and clinical implications  

The study of Tertiary Lymphoid Structures (TLSs) and lymphocyte infiltrates is 

becoming progressively studied in other solid tumors. In cutaneous melanoma, in 

particular, the number, localization, and phenotype of tumor-infiltrating 

lymphocytes (TILs) are not only involved in modulating disease progression but 

also predictive of response to immunotherapy (71). In breast cancer, B cells, 

particularly those located within TLSs, play a key role in antitumor immunity (72). 

Moreover, TLSs have prognostic value also in other types of solid tumors, including 

head and neck cancers, sarcomas, pancreatic tumors, and many others (52).  

Immune Check Points Inhibitors (ICIs) therapy represents a promising therapeutic 

approach, but their efficacy in gynecological cancers, particularly ovarian cancer, 

remains limited both as monotherapy and in combination. Our findings, showing 

correlations between lymphocyte infiltrate, TLS presence, and Disease Free 

Survival/Overall Survival (DFS/OS), underscore the importance of assessing the 

tumor immune context to better identify patients who may benefit from additional 

ICIs therapy. For future studies, comparing immune infiltration and TLSs between 

pre-NACT and post-NACT omental samples, could provide valuable insight into 

the effects of NACT on the Tumor Microenviroment (TME), and help determine 

which patient may undergo a “cold to hot transition” in OC. 

7.7.Limits of the Study 

• The sample size was relatively small (n = 17), which may limit the statistical 

power and generalizability of our findings.  

• TLS were assessed only based on their macroscopic visual presence, 

without standardized protocol for their evaluation, and identification of 

maturation stages or functional markers.  

• The retrospective design and exclusion criteria may have introduced 

selection bias.  

• The short follow-up may have limited the study, preventing an assessment 

of long-term disease progression. 

 



47 
 

 
 

7.8.Strengths of the Study 

• Detailed characterization of the immune infiltrate, distinguishing between 

total (tCD8⁺) and intraepithelial (ieCD8⁺) T cells, as well as CD20⁺ B cells. 

• Focus on High Grade Serous Ovarian Cancer (HGSOC) patients treated 

with Neoadjuvant Chemotherapy (NACT), making the findings clinically 

relevant. 

• Inclusion of Chemotherapy Response Score (CRS) and BRCA mutation 

status, providing interactions between genetics, chemotherapy response, 

and immune activity. 

• Clinical applicability, suggesting immune biomarkers (CD8⁺, CD20⁺, TLS) 

to identify patients who might benefit from immunotherapy or combination 

treatments. 

• Reinforcement of existing literature. 
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8. CONCLUSIONS  

Our study confirms that lymphocyte infiltrate, particularly intraepithelial CD8⁺ 

T cells, represents an important prognostic factor in High-Grade Serous Ovarian 

Carcinoma (HGSOC) treated with Neoadjuvant Chemotherapy (NACT), 

highlighting the importance of integrating immune biomarkers to improve 

patient stratification and identify those who may benefit from Immune 

Checkpoints Inhibitors (ICIs) treatments. 

Lymphocyte density inside the tumor appears to be more predictive of Disease 

Free Survival (DFS) than the simple macroscopic presence of Tertiary 

Lymphoid Structures (TLSs).  Furthermore, BRCA mutations appear to 

increase this effect, suggesting a link between genetic features and immune 

response.  
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