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Simple Summary: The aim of our study is to provide a wide perspective on the available literature 

data of immune landscape of breast cancers, focusing on TILs and PD-L1 expression across different 

breast cancer subtypes. Moreover, treatment options such as immunotherapy, chemotherapy  in 

adjuvant and neoadjuvant setting are discussed also providing the most relevant cut-offs and scores 

for TILs and PD-L1 pathological assessment. 

Abstract: With the rise of novel immunotherapies able to stimulate the antitumor immune response, 

increasing literature data concerning the immunogenicity of breast cancer have been published in 

recent years. 

Numerous clinical studies have been conducted in order to identify novel biomarkers that could 

reflect the immunogenicity of BC and predict response to immunotherapy. In this regard, TILs have 

emerged as an important immunological biomarker related to the antitumor immune response in 

BC. TILs are more frequently observed in triple-negative breast cancer and HER2+ subtypes where 

increased TIL levels have been linked to better response to neoadjuvant chemotherapy and with 

improved survival.  

PD-L1 is a type 1 transmembrane protein ligand expressed on T lymphocytes, B lymphocytes and 

antigen-presenting cells and is considered a key inhibitory checkpoint involved in cancer immune 

regulation. PD-L1 immunohistochemical expression in breast cancer is observed in about 10–30% of 

cases and is extremely variable based on tumor stage and molecular subtypes . In detail, TNBC 

shows the highest percentages of PD-L1 positivity, followed by HER2+ tumors. On the other hand, 

PD-L1 is rarely expressed (0-10% of cases) in hormone-receptor positive BC.  

The prognostic role of PD-L1 expression in BC is still controversial since different 

immunohistochemistry (IHC) clones, cut-off points and scoring systems have been utilized across 

published studies.  

In the present paper an extensive review on the current knowledge of immune landscape of BC is 

provided. In detail TILS and PD-L1 expression across different BC subtypes is discussed also 

providing a guide for their pathological assessment and reporting. 
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1. Introduction 

Breast cancer (BC) exhibits a wide morphological and molecular spectrum of neoplasms with 

different clinical behaviour, prognosis and response to treatments [1].  

With the rise of novel immunotherapies able to stimulate the antitumor immune response, 

increasing literature data concerning the immunogenicity of BC have been published in recent years 

[2-5]. Recent RNA sequencing studies demonstrated the existence of three transcriptome-based 

subtypes of BC corresponding to different immune categories: immune high, medium and low [6]. 

Immune high tumors are characterized by highest expression of tumor infiltrating lymphocytes 

(TILS) as well as PDL1[6]. Triple negative breast cancer (TNBC) and HER2+ tumors are frequently 

included in the immune high category and represent potential responders to immunotherapies [6]. 

On the other hand, immune medium and immune low tumors show little to absent immune cell 

infiltration and are unresponsive to immunotherapies [6]. Interestingly, estrogen receptor (ER) and 

progesterone receptor (PR) positive tumors usually fall in the immune medium and low groups [7]. 

In recent years, numerous clinical studies have been conducted in order to identify novel biomarkers 

that could reflect the immunogenicity of BC and predict response to immunotherapy [8]. In this 

regard, TILs have emerged as an important immunological biomarker related to the antitumor 

immune response in BC [2,3]. TILs are more frequently observed in triple-negative breast cancer and 

HER2+ subtypes where increased TIL levels have been linked to better response to neoadjuvant 

chemotherapy and with improved survival [2,3]. PD-L1 is a type 1 transmembrane protein ligand 

expressed on T lymphocytes, B lymphocytes and antigen-presenting cells and is considered a key 

inhibitory checkpoint involved in cancer immune regulation [4]. PD-L1 immunohistochemical 

expression in breast cancer is observed in about 10–30% of cases and is extremely variable based on 

tumor stage and molecular subtypes [9]. In detail, TNBC shows the highest percentages of PD-L1 

positivity, followed by HER2+ tumors [9]. On the other hand, PD-L1 is rarely expressed in hormone-

receptor positive BC [9,10].  

The prognostic role of PD-L1 expression in BC is still controversial since different 

immunohistochemistry (IHC) clones, cut-off points and scoring systems have been utilized across 

published studies [10,11].  

The prognostic role of PD-L1 expression in BC was demonstrated for the first time by Muenst et 

al. in 2015 [12]. In this study, positive staining (both membranous and cytoplasmic) for PD-L1 was 

observed in 152 out of 650 BC patients, and a significant correlation was observed between PDL-1 

positivity and several clinicopathological parameters (large tumor size, lymph node involvement, 

tumor grade, ER negativity, HER2-positive tumors, and high Ki67 index) [12]. 

Despite this association with worse clinico-pathologic features, several studies highlighted that 

PD-L1 expression could predict better response to chemotherapy and better prognosis, mainly in 

TNBC subtype [9,11]. Moreover, a significant correlation between PD-L1 positivity and TIL scores 

has been documented [9,11]. 

In the present paper an extensive review on the current knowledge of immune landscape of BC 

is provided. In detail, TILS and PD-L1 expression across different BC subtypes is discussed also 

providing a guide for their pathological assessment and reporting. 

2. Tumor-infiltrating lymphocytes in breast cancer 

Increasing scientific evidences suggest the prognostic and predictive role of immune 

microenvironment in breast cancer [13,14]. In this regard, the presence of TILs within a tumor is 

strictly related to the anti-tumor host immune response [13,14].  

TILs are constituted by all mononuclear cells (lymphocytes and plasma cells) dispersed in the 

tumor stroma (stromal-TILs) or located within the tumor (intratumoral TILs) [13-15]. 

Based on their phenotype TILs can be classified as CD8+ T cells, CD8+ tissue-resident memory 

T cells, CD4+ T helper cells, CD4+ regulatory T cells, CD4+ follicular helper T cells, and tumor-

infiltrating B cells. However, the specific role and clinical significance of each TILs subpopulations is 

still uncertain [13-16]. 
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According to the recommendations for assessment of TILs in breast cancer proposed by the 

“International Working Group for TILs in Breast Cancer”, the pathological assessment of TILs should 

include only stromal-TILs [17]. TILs evaluation is performed on haematoxylin and eosin (H&E) 

stained sections by evaluating the ratio between the intratumoral stromal area containing 

lymphocytes and plasma cells and the total intratumoral stromal area [17]. According to the 

percentages of stromal-TILs, three different groups can be identified: low TILs (0–10% immune cells 

in stromal tissue within the tumor), intermediate TILs (11–40%), and high TILs (>40%). [17] 

Following the above-mentioned recommendations, the prognostic and predictive role of TILs 

has been investigated by several studies and clinical trials mainly in Triple-negative and HER-2 

positive breast cancer patients  (Table 1) [15,16,18]. 

2.1. TILs in Triple Negative Breast Cancer 

TNBC is a breast cancer subtype lacking expression of ERs, HER2 and PRs and characterized by 

a poor prognosis [19]. TNBC shows higher levels of TILs, higher tumor mutation burden (TMB) and 

high PD-L1 expression [19,20]. Increasing literature data indicate that a high levels of TILs in TNBC 

are significantly related to a better response to chemotherapy as well as to better prognosis [18]. 

Concerning the prognostic role of TILs in early TNBC, two studies including 2148 patients 

treated with adjuvant chemotherapy and 906 women treated with neoadjuvant chemotherapy, 

respectively, demonstrated the clinical utility of TILs evaluation [21,22]. 

In detail, high TILs have been demonstrated to predict responses to adjuvant and neoadjuvant 

chemotherapy with anthracycline; moreover, each 10% increment in TILs was significantly related 

with longer disease-free survival and overall survival [21,22]. On the other hand, low-TILs are more 

frequently detected in patients with older age, larger tumor size and lymph node metastases [21,22]. 

Based on these findings, the World Health Organization (WHO) classification of tumors (5th 

edition) strongly suggests TIL assessment in TNBC and HER2+ subtypes as a prognostic biomarker 

[23].  

Several scientific data concerning the predictive role of TILs for immune therapy or combined 

immune therapy/chemotherapy in TNBC are emerging [17,19]. Results of previous studies in early-

stage TNBC suggest that high TILs predict response to neoadjuvant immune therapy alone or in 

combination with chemotherapy [17,19].  

Similar predictive role of TILs for immune check point inhibitors therapy have also emerged in 

advanced/metastatic TNBC [24].  

2.2. TILs in HER2+ Breast Cancer 

HER2-positive breast cancer accounts for approximately 15–20% of all breast carcinomas and is 

considered a biologically aggressive subtype [25,26]. Due to their low mutational burden, HER2-

positive BCs are generally considered “cold” tumors [26]. However, recent studies have started to 

explore immunotherapeutic approaches to target HER2-positive tumors both in neoadjuvant and 

adjuvant setting [27-29]. Regarding the latter, the results of the FIN-HER study and ShortHER trial 

showed that high TILs levels were related to longer overall survival and improved response to 

trastuzumab compared to low TILs [28,29]. However, in contrast to these data, Perez et al. reported 

that breast tumors with high TILs, showed a worse response when combining trastuzumab with 

chemotherapy than those treated with chemotherapy alone [30]. Moreover, the analysis from the 

N9831 trial, demonstrated that high TILs predicted a lack of response to trastuzumab [31]. Therefore, 

given the conflicting results concerning the role of TILs in predicting response to adjuvant 

chemotherapy further studies on larger cohorts are still needed to understand TILs biological role in 

HER-2 breast tumors. 

TILs evaluation in post-NAD setting has also been associated with breast cancer prognosis [32-

34]. In detail, according to the results of three recent meta-analyses, high TILs are significantly related 

to a better response to neoadjuvant chemotherapy plus trastuzumab regardless of the type of 

neoadjuvant regimen [22,32,33]. Moreover, a statistically significant correlation between high TILs 

and improved prognosis has also emerged [22,32-33]. 
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Concerning advanced/metastatic HER-2 positive breast tumors, the prognostic and predictive 

role of TILs is still controversial. According to a retrospective analysis of the patients enrolled in the 

CLEOPATRA trial, high TILs were associated with increased OS; on the contrary, TILs count showed 

no significant prognostic or predictive value in the analysis of the MA.31 phase 3 trial [34,35]. 

Lastly, controversial data from the metastatic setting have also emerged when evaluating the 

prognostic and predictive role of TILs in patients receiving immunotherapy [36,37]. Therefore, 

further studies are needed to investigate the interactions between immune system and tumor cells in 

HER2+ breast cancer. 

2.3. TILs in hormone-receptor+/HER2- Breast Cancer 

The prognostic and predictive role of TILs in hormone-receptor positive (HR+) and HER-2 

negative breast cancer subtypes (luminal A and luminal B tumors) is still poorly established. 

In this regard, HR+/HER2- BC is associated with a low TIL count and a lower TMB [13]. 

Moreover, ER expression has been related to decreased MHC class II expression on lymphocytes, 

suppression of interferon-γ (IFN-γ) signalling and decreased activity of CD8+T-cells [13,38]. 

However, given the wide morphological and biological heterogeneity of luminal A and luminal B 

tumors, several studies have tried to identify "immunogenic" subgroups. In detail, it has been shown 

that TIL positivity is more frequently detected in luminal B subtypes [13,20].  

Concerning the predictive and prognostic role of TILs in early HR+/HER2- BC, conflicting results 

have been highlighted: a significant association between high TILs and a worse prognosis has 

emerged in some studies, while other authors failed to demonstrate the prognostic significance of 

TILs [20,38]. Moreover, TILs have been associated with a poor response to aromatase inhibitors 

therapy in HR+/HER2- BC [20,38]. 

Regarding TIL subpopulations, limited literature data are still available, however, a recent 

retrospective analysis of 563 patients with early HR+/HER2- BC documented that high CD8+ sTILs 

were more frequently detected in patients with PIK3CA-mutated tumors and that they were related 

to a higher risk of recurrence [39]. 

Based on these preliminary findings, routine assessment of TILs in HR+/HER2- BC is still not 

recommended and cannot considered as prognostic or predictive biomarker.  

Table 1. Prognostic and predictive roles of TILs in different breast cancer subtypes. 

BC 

subtypes 

TILS 

levels 

PROGNOSTIC 

ROLE 

PREDICTIVE ROLE PATHOLOGICAL 

ASSESSMENT 

 

TNBC 

 

High 

 

Yes 

Yes to adjuvant and 

neoadjuvant 

chemotherapy 

 Recommended 

 

HER2+ 

 

High 

 

Yes 

Yes to neoadjuvant 

chemotherapy+ 

immunotherapy 

 

Recommended 

 

HR+ 

 

Low 

 

Yes 

 

Not fully established 

Not 

recommended 

 

3. PD-L1 pathway, general considerations 

PD-L1 is a type 1 transmembrane protein ligand generally expressed on T lymphocytes, B 

lymphocytes and antigen-presenting cells; it is involved in the immune regulation of several 

physiological and pathological conditions including pregnancy, antigen presentation to T 

lymphocytes, tissue and organ transplants, infectious diseases, and cancer [4].  
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In detail, following the binding of PD-L1 with the PD-1 or B7.1 (CD80) receptors, a suppressive 

signal is transmitted to T lymphocytes leading to a decrease in the immune response [4,9,10].  

Moreover, the intracellular signals transmitted by PD-L1 promote neoplastic cell proliferation 

and inhibit pro-apoptotic signals mediated by interferons [4,9,10]. 

In the last years, several immunotherapeutic molecules capable of inhibiting the PD-1/PD-L1 

axis have been shown to improve the immunological response by inducing T cells to recognize and 

suppress cancer cells [40]. 

Based on these findings, several monoclonal antibodies targeting PD-1 receptor and PD-L1, so-

called immune checkpoint inhibitors, have been successfully utilized in clinical practice; these 

include: Pembrolizumab and Nivolumab (targeting PD-1 receptor), Atezolizumab, Avelumab and 

Durvalumab (inhibiting PD-L1 ligand) [40]. 

In clinical practice, the immunohistochemical evaluation of PD-L1 expression in neoplastic 

tissues is the gold standard method for selecting patients eligible to immune checkpoint inhibitor 

therapy. In this regard, several immunohistochemical assays have been developed for PD-L1 

evaluation. The most common PD-L1 assays used in clinical trials, include SP142, 28-8, 22C3, and 

SP263, each one has been validated with specific platforms [10,40,41].  

Accordingly, different immunohistochemical scoring systems have been proposed for 

quantifying PD-L1 expression in different neoplastic tissues: i) tumor proportion score (TPS), which 

evaluates the percentage of positive PD-L1 neoplastic cells among all viable tumor cells, ii) the 

combined proportion score (CPS), namely the ratio between all PD-L1 positive neoplastic cells and 

inflammatory cells and the total number of viable tumor cells multiplied per 100; iii) the immune cell 

score (IC) which takes into account the percentage of the area occupied by PD-L1-positive immune 

cells  relative to the whole tumor area (Table 2) [10,40,41]. 

Table 2. Approved PD-L1 assays in clinical practice. 

ICI PD-L1 assay PD-L1 score Setting Therapy 

 

 

 

Pembrolizumab 

 

 

 

 

 

22C3 (pharmDx) 

 

 

 

CPS≥10 

Unresectable / metastatic 

TNBC 

Pembrolizumab plus chemotherapy 

 

 

CPS≥1/regardles

s of PDL1 status 

 

high-risk early-stage 

(NAD / AD) 

Pembrolizumab plus chemotherapy 

as neoadjuvant treatment, and then 

continued as a single agent as adjuvant 

therapy  

 

Atezolizumab 

 

 

SP142 (Ventana) 

IC score ≥1 Unresectable / metastatic 

TNBC 

 Atezolizumab plus nab-paclitaxel 

Regardless of IC NAD Atezolizumab 

3.1. Temporal and spatial heterogeneity of TILs and PD-L1 expression during metastatic progression 

Recent studies have demonstrated extensive discrepancies of TILs count and PD-L1 expression 

among primary tumours and their paired metastases [42]. Biomarker analyses based on the clinical 

trial IMPassion130 documented a highly heterogeneous PD-L1 expression between primary tumors 

and their paired metastasis [43]. Higher PD-L1 concordance has been documented in synchronous 

tumors samples compared to metachronous ones moreover, a greater clinical benefit with 

immunotherapy was observed when PD-L1 status was evaluated in metastatic sites [44,45]. 

The temporal evolution of the immune microenvironment and TILS has been reported by several 

studies which documented lower TILs counts at metastatic biopsies compared to primary tumors 

[44,45]. 

A recent meta-analysis on this topic demonstrated a significant decrease in PD-L1 expression at 

metastatic sites [45]. This reported discordance of PD-L1 expression was bi-directional since 50% of 

patients with PD-L1 positive primary tumors showed PD-L1 negative metastatic biopsies; conversely, 
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about 30% of patients with PD-L1 negative primary tumors were PD-L1 positive in their metastatic 

biopsies [45].  

However, to date, little is known about the optimal metastatic site for PD-L1 evaluation since 

the few available studies demonstrated a significant difference in PD-L1 expression between different 

metastatic sites from the same patient [43-45]. Further studies on this topic are needed to clarify this 

reported discordance; however, based on the current literature evidence, PD-L1 assessment in 

metastatic bioptic samples should be assessed when possible, to achieve a more accurate treatment 

strategy.  

3.2. PD-L1 and Immunotherapy in Breast Cancer subtypes 

3.2.1. Hormone-Receptor Positive/HER2 Negative Breast Cancer 

In the HR-positive and HER2-negative BC subgroup, PD-L1 immunoreactivity is documented 

in up to 9% of luminal A and 42% of luminal B subtypes [46]. A significant decrease in PD-L1 

expression is observed in metastatic tumors, among which 0–1% and 10–12% positive rates are 

reported in luminal A and luminal B patients, respectively [46]. Given the wide heterogeneity of PD-

L1 and TILs in this BC subgroup, only few studies have considered an immunotherapeutic approach 

in patients with PD-L1+/ER+/HER2- BC [47]. Promising data have been highlighted by the 

KEYNOTE-028 and I-SPY2 trials in which improved pathological complete response was observed 

in PD-L1 positive tumors [47,48]. However, results are still preliminary and significant clinical 

benefits of immunotherapy have not been reported yet. 

3.2.2. HER2 Positive Breast Cancer 

In early stage HER2+ BC tumors PD-L1 immunoreactivity is documented in around 30% of cases 

whereas a significant decrease in PD-L1 expression (9–10%) is observed in metastatic tumors [49,50]. 

However, the prognostic significance of PD-L1 in HER2+ BC is still controversial since some 

studies documented poor outcomes in metastatic HER2+/PD-L1+tumors whereas, other author 

documented improved survival in patients with high levels of PD-1/PD-L1 expression [40,50]. 

Some studies are currently investigating the clinical benefits of immunotherapy with anti-PD-

1/PD-L1 antibodies combined with trastuzumab. In this regard, preliminary results from the phase II 

randomized KATE2 trial indicate an improved OS in PD-L1-positive patients affected by locally 

advanced or metastatic BC treated with the combination of atezolizumab and ado-trastuzumab 

emtansine (T-DM1) [51]. Moreover, the phase Ib/II PANACEA trial documented a 15% response rate 

in HER2+ advanced BC patients treated with the combination of pembrolizumab and trastuzumab 

[37]. 

3.2.3. Triple-Negative Breast Cancer 

TNBC encompasses a wide morphological and molecular spectrum of neoplasms, as recent RNA 

sequencing studies demonstrated the existence of several transcriptome-based subtypes of TNBC 

(luminal androgen receptor, immunomodulatory, basal-like immune-suppressed, and 

mesenchymal-like) [6]. In this regard, only the immunomodulatory subtype would benefit from 

immunotherapy.  

In this scenario, PD-L1 expression in tumor and immune cells, evaluated by 

immunohistochemistry, has become a crucial step for selecting potential responders to 

immunotherapy (Table 3) [10]. 

In early-stage TNBC tumors PD-L1 immunoreactivity is documented in around 45 to 55% of 

cases; metastatic patients show higher PD-L1 staining percentages (around 35% of cases) compared 

to other BC subtypes [10]. Moreover, a significant increase in PD-L1 expression following 

immunotherapy has been documented in the PCD4989g trial [52]. 

As far as prognosis is concerned, several studies demonstrated better overall survival in PD-L1-

positive patients; moreover, BRCA1 gene mutations and expression of cytotoxic T-lymphocyte 

antigen 4 (CTLA-4) are more frequently detected in PD-L1+ TNBC [53]. 
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Table 3. Therapeutic approach in advanced TNBC based on PD-L1 IHC. 

PD-L1 status PD-L1 score Therapy 

 

 

 

PD-L1-negative 

CPS<10 

(22C3) 

 

IC<1  

(SP142)  

 

 

 

 

No Immunotherapy 

 

 

PD-L1-positive 

CPS<10 

IC score ≥1% 

 

 Atezolizumab plus Nab-paclitaxel 

 

PD-L1-positive 

 

CPS≥10 

IC score ≥1% 

Pembrolizumab / Atezolizumab 

plus chemotherapy 

(Nab.paclitaxel or Carbo/Gem or 

paclitaxel) 

 

PD-L1-positive 

CPS≥10 

IC score <1% 

   Pembrolizumab plus 

chemotherapy 

(Nab.paclitaxel or Carbo/Gem or 

paclitaxel) 

3.3. PD-L1 assays and immunohistochemical scores: results from clinical trials 

Several PD-L1 IHC assays are currently approved for predicting the response to anti-PD1 and 

anti-PD-L1 immunotherapy [10,40,41]. Validated PD-L1 clones for TNBC include SP142, 28-8, SP263 

and 22C3, each one linked to different therapies [10,40,41]. 

In TNBC, clinical trials proposed several PD-L1 IHC clones, staining platforms, scoring systems, 

and cut offs [10,40,41]. Based on the results of Keynote-355 trial, the PD-1 inhibitor Pembrolizumab, 

in combination with chemotherapy has been approved by the FDA for patients with 

unresectable/metastatic TNBC showing a PD-L1 CPS ≥10 [54]. Following the Keynote-522 trial results, 

neoadjuvant pembrolizumab in combination with chemotherapy has been approved for high-risk 

early-stage TNBC in as treatment; following surgery, monotherapy with pembrolizumab is approved 

as adjuvant therapy [55]. In the Keynote-522 trial tumor samples were considered PD-L1–positive 

based on a CPS ≥1; however, better pathological complete response in patients treated with 

pembrolizumab was observed regardless of the PD-L1 immunohistochemical expression [55]. 

Based on the results of the IMpassion130 trial, Ventana PD-L1 SP142 test (IC score ≥1%) has been 

approved by the FDA for the selection of advanced TNBC or mTNBC suitable for combination 

therapy with Atezolizumab plus nab-paclitaxel [43]. Based on the same cohort, a post hoc 

harmonization study attempted to evaluate the inter-assay variability of three PD-L1 assays, namely 

the Ventana SP142 and SP263 and the Dako 22C3 [56].  IC score (≥ 1%) was utilized for SP142 and 

SP263 assays, while CPS score (≥ 1) was evaluated for the 22C3 assay [56]. Interestingly, 22C3 and 

SP263 clones individuated a higher rate of PD-L1 positive patients (81% and 75%, respectively) 

compared to SP142 clone (46%) [56]. Despite the lower number of PD-L1 positive tumors detected, 

patients that were only positive for SP-142 assay showed higher progression free survival (4.2 

months), compared to patients that were only positive with 22C3 assay or SP-263 clones [56].  

In early TNBC, the Impassion031 trial demonstrated that the clinical benefits of neoadjuvant 

atezolizumab were independent from the PD-L1 IC (SP142) status [57]. 
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3.4. PD-L1 immunohistochemistry workflow 

Specimen preparation 

 Biopsies or surgical samples should be fixed in 10% neutral-buffered formalin for at least 6 hours 

and for a maximum of 72 hours. 

 Sections should be cut approximately at 4-µm of thickness and mounted on positively charged 

glass slides. 

 Slides should be stained shortly before IHC or stored no more than a few weeks since 

antigenicity of tissue sections may diminish over time. 

 Tonsil tissue should be included in the analysis as external positive control of both epithelial 

cells and immune cells. 

 A negative control is also recommended. 

 

Immunohistochemistry 

 The antibody clone used for IHC and staining platform should be specified in the pathology 

report. 

 When evaluating the haematoxylin and eosin (H&E)-stained slide, a field containing at least 50 

vital tumor cells and tumor-associated stroma should be present. 

 Tumor cells are considered PD-L1-positive if a partial or complete membranous staining, 

irrespective of staining intensity, is seen. 

 Immune cells (lymphocytes, dendritic cells, macrophages, and granulocytes) are considered PD-

L1-positive, if either a granular cytoplasmic or membranous staining, is observed. 

 Necrosis and intravascular immune cells should be excluded from the evaluation. 

 The staining procedure should be repeated if positive and negative controls do not stain 

correctly. 

3.5. Relevant PD-L1 scoring methods.  

In TNBC, IC and CPS have been specifically validated for the selection of patients eligible for 

atezolizumab and pembrolizumab therapies, respectively [10,40,41]. 

Immune Cell Score. 

The IC is specifically developed for VENTANA PD-L1 (SP142) assay. It takes into account all 

PD-L1-positive immune cells (lymphocytes, macrophages, granulocytes, dendritic cells, plasma cells) 

located intratumorally or in a small peritumoral stromal rim [10,40,41]. In detail, immune cells are 

scored as the percentage of the area occupied by all PD-L1-positive immune cells relative to the whole 

tumor area [10,40,41]. PD-L1 IC score of ≥ 1% is considered adequate for Atezolizumab therapy 

[10,40,41]. 

 

Combined Positive Score. 

CPS is specifically developed for 22C3 (pharmDx) assay [10,40,41]. CPS is the number of PD-L1 

positive tumor cells and intratumoral immune cells divided by the total number of viable tumor cells, 

multiplied by 100 [10,40,41]. PD-L1 CPS score ≥10 is considered adequate for pembrolizumab 

combination therapy in inoperable/ metastatic TNBC patients [10,40,41]. 

4. Conclusions 

Although immune checkpoint inhibitors have undoubtedly represented a major step forward in 

the therapy of many malignancies including breast cancer, it is widely accepted that not all patients 

may undergo immunotherapy; accordingly, the accurate selection of breast tumors that may benefit 

from these relatively novel therapeutic approaches is one of the most debated topics of BC oncological 

research. In this regard, the study of the tumor immune microenvironment and the 
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immunohistochemical evaluation of PD-L1 immunoreactivity among different BC subtypes are 

actually considered the most reliable markers capable of predicting response to immunotherapy. 

Although it has been shown that PD-L1-positive BCs frequently exhibit high levels of TILs and lack 

of expression of ER, PR and HER2, and that patients affected by TNBC are the ones who may benefit 

the most from immunotherapy, promising results have been obtained in some trials also for patients 

with HR+ and/or HER+ BC; accordingly, further studies are needed to validate these preliminary data 

but it seems likely that in the future the use of immunotherapy could also be extended to the other 

subtypes of BC. 
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