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Introduction

Ovarian cancer is the gynecological malignancies with 
the highest mortality, ranging a median overall survival 
of about 30% (Heintz et al., 2006). Despite considerable 
progress in sugical field (Angioli et al., 2013; Papadia 
et al., 2013) and conventional chemotherapy associated 
with target therapies (Marchetti et al., 2012; Ferrero et 
al., 2013), not sufficient resolutive strategies have been 
achieved. Thus, this neoplasm remains a challenge disease 
for gynecologic oncologist, due to the high proportion of 
patients suffering from disease progression during primary 
treatment and recurrence disease. These failures can be 
ascribed to the incapability of standard treatment strategies 
to completely eradicate local and/or metastatic tumors. 
Based on recent findings, a speculative correlation with 
this aggressive behavior can be ascribed to the immune 
system not only during cancer progression, but also how 
mechanistically neoplastic lesions respond to wide ranging 
therapeutic interventions (Curiel et al., 2004). In this 
scenario, accurate investigations on tumor cell network 
and tumor microenvironment are mandatory. 

The recruitment of immunosuppressive factors has 
been implemented by tumor tissue in order to evading 
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Abstract

 Several improvements in ovarian cancer treatment have been achieved in recent years, both in surgery 
and in combination chemotherapy with targeting. However, ovarian tumors remain the women’s cancers with 
highest mortality rates. In this scenario, a pivotal role has been endorsed to the immunological environment 
and to the immunological mechanisms involved in ovarian cancer behavior. Recent evidence suggests a loss of 
the critical balance between immune-activating and immune-suppressing mechanisms when oncogenesis and 
cancer progression occur. Ovarian cancer generates a mechanism to escape the immune system by producing 
a highly suppressive environment. Immune-activated tumor infiltrating lymphocytes (TILs) in ovarian tumor 
tissue testify that the immune system is the trigger in this neoplasm. The TIL mileau has been demonstrated to 
be associated with better prognosis, more chemosensitivity, and more cases of optimal residual tumor achieved 
during primary cytoreduction. Nowadays, scientists are focusing attention on new immunologically effective 
tumor biomarkers in order to optimize selection of patients for recruitment in clinical trials and to identify 
relationships of these biomarkers with responses to immunotherapeutics. Assessing this point of view, TILs 
might be considered as a potent predictive immunotherapy biomarker. 
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immune recognition, through production of cytokines 
and T regulatory cells, which lead to the basis of the 
immunosuppressive milieu that allows cancer immune 
evasion and reduced numbers and impaired functions 
of dendritic cells (Mougiakakos et al 2010; Gasparri 
et al., 2013). In ovarian cancer, the amount of this 
cell subset highly increased in peripheral blood and 
in tumor (Napoletano et al., 2010) and a low ratio of 
tumor infiltrating CD8/Treg cells is correlated to a worst 
prognosis (Sato et al., 2005). Conversely, other subset 
of T lymphocyte (e.g. T CD8 effector) plays a dominant 
role in direct lysis of targeted host cells. The “cancer 
immunoeditingtheory”establishes that tumors arise 
from a failure of the immune system, occurring after 
a disequilibrium between tumor growth and immune 
surveillance (Schreiber et al., 2011). This interaction 
between immune system and tumor progression represents 
the key point in different cancer behavior (Ygit et al., 
2010). 

Lymphocytes infiltrating tumor (TILs) analysis 
demonstrated to have a strong prognostic and predictive 
role in several malignancies, including gynecological 
neoplasms, with particularly ovarian cancer (Table 1A, 
Table 1B).
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Interaction between Immune System and 
Ovarian Cancer Treatment 

Recent evidences suggest that conventional treatment 
can partially restore the equilibrium between tumor 
progression and immune surveillance, key factors of 
tumor escape. Primary cytoreduction has been associated 
with a significant depletion of circulating T lymphocyte 
with immunosuppressive activity (T-regulatory cells) 
and a quantitative and qualitative increase in CD8 T-cell 
(Napoletano et al., 2010). This finding supports the thesis 
that surgical debulking plays also a beneficial systemic 
effect by reverting immunosuppression and restoring 
immunological fitness. Accumulating evidences indicate 
that also successful antineoplastic agents exert therapeutic 
effects by immune responses (Zitvogel et al., 2011), 
because neoplastic cells can become immunogenic as 
consequence of chemotherapy (Kroemer et al., 2013). The 
trigger is the release of additional cancer antigens from 
dying neoplastic cells. Recently, it has been described 
paradigm system in ovarian cancer, in order to identify 
chemotherapy associated antigens (CAAs) evaluating the 
specific T cell subsets that recognized antigens associated 
with apoptotic cells expressing these antigens. These 
chemotherapeutics- induced memory T-cell responses 
against CAAswere associated with prolonged survival in 
response to chemotherapy (Barnaba et al., 2014). Based on 
these relevant results, additional assays of immune system 
behavior during chemotherapy could be performed by 
pathologist through a quantitative and qualitative analysis 
of the subclass of TILs.

Tumor Infiltrating Lymphocyte (TILs) 

Increasingly it is being realized that CD4+ TIL 
significantly expressed CD25, however, CD8+ TIL 
negligibly expressed CD25. More importantly, 
CD25+FoxP3- T cells showed a strong positive correlation 
with survival of patients (deLeeuw et al., 2014). It has 
recently been convincingly revealed that SMARCE1 
and TTF1 mRNA expression markedly correlated with 
the number of intra-tumoral CD8+ cells. Overexpression 
of SMARCE1 in ovarian SKOV3 cancer cells induced 
secretion of different chemokines including IL8, RANTES 
and MIP1b in the supernatant and promoted CD8+ 
lymphocytes chemotaxis (Giannakakis et al., 2014). 
Artificial antigen-presenting cells (aAPC) equipped with 
the co-stimulatory molecule 4-1BBL, Fc-γ receptor, , and 
secreted either IL-2, IL-21, or IL-15 cytokine. Greatest 
overall expansion of TIL was noted by IL-2 secreting 
aAPC. CD3+ T cells were considerably higher and CD3-
CD56+ NK cells were lower in IL-2 aAPC-expanded TIL 
(Santegoets et al., 2013). There is an exciting piece of 
evidence suggesting that patient survival rate was better in 
patients having CD20(+) and CD8(+) TIL as compared to 
those expressing CD8(+) TIL alone (Nielsen et al, 2012). 
Interestingly, data from another study suggests that higher 
infiltration of CD8+ cells correlates with improved overall 
survival (Bachmayr-Heyda et al., 2013). 

Assuming that lymphocytic tumor infiltrate reflect 
the tumor specific immune response, TILs represent a 
potential marker of the intensity of the immune response to 
cancer. T-lymphocyte microenvironment attends a positive 
prognosis in several neoplasm, including gynecological 
malignancies (Table 1A, 1B). At date, the College of 
American Pathologists recommends that a characterization 
of the tumor infiltrating and peritumoral or systemic 
immune response should be investigated as a essential 
aspect during clinical evaluation of melanoma (Clemente 
et al., 1996), colorectal carcinoma (Salama et al., 2010) 
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Table 1A. Tumor associated lymphocyte in Ovarian Cancer
Authors  Type of cancer Infiltrate population Prognostic Association

Stato et al, Proc Nact Acad Sci USA 2005 Ovarian Intratumoral CD8 Positive
  Intratumoral CD3 None
  Intratumoral Treg None
Clarke et al,Mod Patol 2009 Ovarian Intratumoral CD8 Positive 
  Intratumoral CD3 None
Zhang et al, N Eng J Med 2003 Ovarian Intratumoral CD3 Positive
Curiel et al, Nat Med 2004 Ovarian Tumor Infiltrating Treg Negative
Tomsova et al, Gynecol Oncol 2007 Ovarian Intratumoral CD3 Positive
  Peritumoral CD3 None 
Leffers et al, Cancer Immunol Immunother 2009 Ovarian Intratumoral CD8 Positive
  Intratumoral Treg Positive
Shah et al, Gynecol Oncol 2008 Ovarian Intratumoral lymphocyte None 
Hamanishi et al, Proct Natl Acad Sci USA 2007 Ovarian Intratumoral CD8 Positive
Stumpf et al, Br J Cancer 2009 Ovarian Intratumoral CD8 Positive
  Peritumoral CD8 None 

Table 1B. Tumor Associated Lymphocyte in Other Gynecological Cancer
Authors  Type of cancer Infiltrate population Prognostic Association

Aaltomaa et al, Eur J Cancer 1992 Breast Tumor Infiltrating lymphocyte  Positive 
Rahka et al, Eur J Cancer 2009 Breast Tumor Infiltrating lymphocyte  Positive 
Kondratiev et al, Clin Cancer Res 2004 Endometrial Intratumoral CD8 Positive
De Jong et al, Gynecol Oncol 2009 Endometrial Intratumoral CD8 Positive
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and Merkel cell carcinoma (Paulson et al., 2010). In these 
tumors, a clinical significance to TILs classification has 
been translated in worse or better prognosis, on the basis 
of absence of these T cells within the tumor or only focal 
presence or not along entire base of vertical growth phase 
(worse prognosis). In hepatocellular carcinoma patients 
with metastasis less than 12 months, CD8+T cells and NK 
cells frequencies in TILs were lower than those without 
metastasis (Guo et al, 2012).It is relevant to mention that 
diffusely infiltrated lymphocytes into entire invasive 
component or entire base of vertical growth phase are 
correlated with better prognosis.

TILs in Ovarian Cancer Tissue

Tumor-infiltrating lymphocytes have been significantly 
represented into tumoral ovarian tissue, supporting an 
effective interaction between the host’s immune system 
and cancer. In epithelial cancers, tumor infiltrating 
lymphocytes are strictly correlated with overall survival 
(Jochems et al., 2011). 

More significant correlation has been reported when 
CD8+ TILs are located within the neoplastic epithelium, 
rather than in the tumor-associated stroma (Clarke et 
al., 2009). Some authors investigated the mechanisms 
promoting these particular recruitments and localizations 
(Webb et al., 2014). Recently, it has been investigated 
a specific marker (CD103) of antigen-specific T-cells 
demarcating TILs presenting in epithelial tissue that seem 
to mediate protective antitumor immunity, consisting 
in highly activated, cytolytic CD8 TILs (Webb et al., 
2014). The intra-epithelial marker CD103 signed TILS 
that abundantly infiltrate ovarian cancer and strongly 
correlate with increased disease-specific survival.In a 
recent metanalysis (Wei-Ting Hwang et al., 2012), data 
arising from ten studies comprising 1,815 patients with 
ovarian cancer, were immunologically analyzed. A lack 
of intraepithelial TILs has been showed to be significantly 
associated with a worse survival (HR, 2.24, 95% CI, 
1.71–2.91). Particularly, this analysis also shows that the 
prognostic value of TILs may vary depending on surgical 
outcomes. Interesting, the effects associated with TILs 
were discordant when optimally debulked cases have been 
considerated compared to studies including suboptimally 
de-bulked patients. Furthermore, Zhang et al (Zhang et al., 
2003) shows that TIL positive women were more likely 
to have been optimally cytoreduction, suggesting the 
speculative hypotesis that anti-tumor immune responses 
may have contained disease spread or restrained tumor 
biology facilitating surgical de-bulking. In any cases, if 
further statistical analysis confirm this difference, TILs 
could be useful to direct surgical decision-making or 
neoadjuvant chemotherapy. Regarding chemotherapy 
treatment, a positive correlation between CD3+ TILs 
and clinical response rate to first-line chemotherapy was 
reported in two studies. (Raspollini et al., 2005, Tomsova 
et al., 2008)

Future Prospectives 

Recent evidence is emphasizing on most advanced 
proteomics technologies to identify diagnosis biomarkers 
for different cancers (Luo et al, 2014). Multi-tumor marker 
protein chips are currently being used for ovarian cancer 
diagnosis and selection of treatment options (Bian et al, 
2014). New information regarding unresolved mechanism 
involved in the interactions between tumor cells and 
immune system are mandatory, such as investigate 
and monitor T cell phenotype and activity not only in 
particularly recruitment tissue districts (e.g. lymph nodes 
and ascites), but also into tumor issue, correlating with 
standard therapies response. Different T cell populations 
(effector memory, central memory, naïve cells and T 
regulatory) should be studied at diagnosis (arising from 
tissue biopsy, if available), after surgery (arising from 
tumor sample), and at every course of chemotherapy 
(circulating T cells) in order to define the importance of 
T cells subset at different stages of tumor progression, 
and to define if treatment can be effective in reducing 
T regulatory cells (and T CD4+ producing IL17) and 
if T regulatory depletion is essential to achieve an 
immune-reversion. Furthermore, specific markers such 
as CD103, could be used to select specific TIL subsets 
for further antigens discoveries, response monitoring, 
and therapeutic interventions. Finally, indicate parameters 
of immune fitness could be essential for monitoring the 
immunological status of patients affected by ovarian cancer 
and for performing the optimal time to vaccination during 
current standard therapy in order to increase immune 
activation. A characterization of the lymphocyte response, 
and particularly of tumor infiltrating lymphocyte, might 
prove to be useful for a deeper analysis and to get a step 
closer to personalized medicine.
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