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Abstract 

 

Background:  

Despite immunotherapy has deeply changed the treatment landscape and prognosis of several 

cancers, only a small percentage of patients achieve long-term benefit in terms of overall survival 

(OS). In addition, ICIs have particular immune-related adverse events (irAEs). Soluble immune 

profiles, resulting from the combined evaluation of circulating checkpoints, adhesion and 

inflammatory molecules, rather than the evaluation of individual marker, could be considered as a 

portrait of the immune system fitness of each patient at the baseline, which affects the response to 

treatment and the development of toxicities. The aim of this study was to define an immune profile 

predicting outocomes to ICIs and irAE development. 

Methods:  

A prospective, multicenter study evaluating the immune profile of patients with advanced cancer, 

treated with ICIs was performed. The immune profile was studied evaluating circulating 

concentration of 12 cytokines, 5 chemokines, 13 soluble immune checkpoints (sIC), 3 adhesion 

molecules and indoleamine 2,3-dioxygenase (IDO) at the baseline (T0) through a multiplex assay.  

Four connectivity heat maps and networks were obtained by calculating the Spearman correlation 

coefficients, according to the response to immunotherapy and onset of cumulative toxicity: responder 

patients without toxicity, non-responder with toxicity, responder with toxicity, non-responder without 

toxicity. Then, connectivity heat maps were defined for OS and progression-free survival (PFS) using 

the median values as cut-off.  

Results:  

Immune profile of 53 patients with advanced solid tumours treated with ICIs was evaluated at T0. 

Cumulative toxicity occurred in 18 patients (34%). A subgroup of non-small cell lung cancer 

(NSCLC) patients with high cytokine/chemokine concentrations was identified in non-responder 

patients without toxicity. A statistically significant up-regulation of IL17A and all the adhesion 

molecules in non-responder patients with toxicity with respect to the other ones was detected. CTLA4 

was significantly higher in non-responders with toxicity compared to both responders and non-

responders without toxicity, as well as sCD80 compared to both non-responders without toxicity and 

responders with toxicity. Four connectivity maps in responder and non-responder patients with and 

without toxicity were defined. In patients with toxicity, we observed a clearly different connectivity 

patterns with a loss of connectivity of mostly of sICs and cytokines correlations. In non-responder 

patients with toxicity, an inversion of the correlation for some adhesion molecules was observed 



7 
 

(from positive or null correlation became negative). Four corresponding connectivity networks were 

built. Only 14 connections among the four networks were common, while connections specifically 

observed for each group of patients were: 26 in responder with toxicity, 38 in responder without 

toxicity, 80 in non-responder with toxicity, 31 in non-responder without toxicity. IL10, IL8, IL4, IL6, 

INFgamma, INFalpha, TNFalpha, GM-CSF, MIP-1alpha, IL13, sLAG3, sTIM3, sCD27, sCD28, 

sCD 137 and sPDL-2 showed a statistically significant down-regulation in patients with a longer OS. 

IL10, IL12p70, GM-CFS and sCD27 were statistically significant down-regulated in patients with 

longer PFS. No connectivity differences were instead observed when we compared the correlations 

maps between patients with OS and PFS above and below the respective median values. 

 

Conclusions:  

The combined evaluation of soluble molecules, rather than a single circulating factor, may be more 

suitable to represent the fitness of the immune system status in each patient and could allow to identify 

different prognostic and predictive outcome profiles. A specific connectivity model for each of the 4 

clinical situation patterns, based on response to immunotherapy and irAE onset, was defined by a 

network analysis. Moreover, an organ-dependent immunity has also been highlighted.  In patients 

who develop irAEs and in patients with the worst prognosis (non-responders who will develop 

toxicity), peculiar connectivity network of immune dysregulation was defined, which could facilitate 

their early and timely identification. The detection of these specific immune profiles before treatment, 

if confirmed in a larger patient population, could lead to the design of a personalized treatment 

approach fit to the peculiar characteristic of patient immune status, to improve outcomes and 

preventing avoidable irAEs.  

 

 

Key words: soluble immune profile, immune-related toxicity, cytokine, chemokine, soluble adhesion 

molecules, soluble immune checkpoints, network analysis. 
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1. Introduction 

 

1.1 The immune system and cancer 

Over the years, the treatment of cancer has seen the emergence of several new therapeutic avenues 

overcomig many critical issues and enabling better results in terms of toxicity and efficacy. 

The discovery of nitrogen mustards, folic acid antagonist drugs in the 1940s and, then, the 

introduction of Cisplatin in the 1970s, represented the first major revolutions in oncology followed 

by the introduction of molecularly targeted drugs.  The real breakthrough was the understanding of 

the association between cancer and the immune system and the use of immune system as a weapon 

against the progression of malignancies [1-3].  

The first to test this innovative idea was Coley at the end of the 19th century and this idea was later 

confirmed in 1950 by Brunet and Thomas who postulated the concept of 'cancer immunosurveillance' 

composed by three main, sequential steps:  

-elimination, can result in the complete destruction of the tumour by the host immune system; 

 -equilibrium, in which tumour cells, through a selection process operated by T lymphocytes, become 

resistant to the control of the immune system;  

-escape or evasion, in which tumor cells spread uncontrolled, giving rise to clinically detectable 

neoplasms [4]. 

The immune system is able to control the disease, especially in the early stages. However, the tumour 

can exert continuous antigenic stimulation, which can cause exhaustion of the immune system and 

promote the expression of inhibitory molecules: Cytotoxic T-Lymphocyte antigen (CTLA-4), 

programmed cell death protein-1 (PD-1) or its ligand, programmed death-ligand-1 (PD-L1).  

These molecules expressed on cells of the immune system, together with the release of 

immunosuppressive molecules by the tumour, reduce the activity and proliferation of specific T-

lymphocytes rendering the immune response incapable of controlling tumour growth.  

The mechanisms by which tumour cells can evade the control of the immune system are manifold:  

reduction of antigen expression, recruitment of immunosuppressive cells (Treg) and myeloid-derived 

suppressor cells (MDSC), induction of T- and B-lymphocyte-mediated depletion through prolonged 

and ineffective stimulation, reduction of molecules of histocompatibility complex I (MHC I) required 

for tumour antigen recognition by lymphocytes, release of circulating factors that suppress immune 

activity, including adenosine, prostaglandin E2, cytokines, chemokines, soluble immune checkpoints 

(sICs) and the enzyme indoleamine 2,3-dioxygenase (IDO) [5, 6].  
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The immune system is a complex entity closely linked to the inflammatory response regulated by 

several circulating molecules that shape and modify the tumour microenvironment in a pro- or anti-

tumour direction [7]. Since the immune system is designed to respond rapidly, specifically and 

comprehensively against foreign invaders and cancer cells, the cytokine/chemokine superfamily and 

adhesion molecules are an integral part of the signalling network between cells regulating the immune 

system. These interacting biological signals have remarkable capabilities, such as influencing tumor 

growth and development, haemopoiesis, lymphocyte recruitment, T-cell differentiation and 

inflammation. Improper immune responses mediated by cytokines or chemokines can cause 

autoimmune diseases or promote cancer progression [7]. 

Cytokines/chemokines are crucial in determining how an immune cell responds and acts within a 

speific tumour microenvironment. Tumour immune resistance mechanisms are complex and involve 

multiple factors, such as host-related factors (gender, age, concomitant medications, gut microbiome), 

genetic mutations, metabolism, inflammation, abnormal neovascularisation. The study of cytokines/ 

chemokines and soluble adhesion molecules at baseline is a repeatable and non-invasive method to 

monitor the patient immune profile. Furthermore, the study of soluble factors and/or molecules of the 

tumour microenvironment is becoming increasingly interesting as they are involved in the 

dysfunctional activity of the immune system [8-13].  

The ability of the entire immune network to control the growth of cancer can result in continuous 

molecular and phenotypic remodelling of tumour cells, which can thus survive even in a perfectly 

immunocompetent host. 

The real breakthrough in the world of immunotherapy came when the focus was on trying to remove 

the inhibition induced by the cancer cells themselves, thus unlocking the anergic state of T- and B-

lymphocytes. The immune checkpoint inhibitors, targeting CTLA-4 and PD-1/ PD-L1 axis, have 

achieved, to date, significant tumour response rates [14,15]  

The first drug approved with this mechanism of action was Ipilimumab, in 2011, that blocks CTLA-

4, an inhibitory control molecule that counteracts CD28 co-stimulatory signal by competitively 

binding to its ligands. Ipilimumab was approved, at first in monotherapy, in the treatment of 

metastatic melanoma [16,17]. Promising long-term results in various tumours have been made 

possible by the development of PD-1 inhibitors, nivolumab and pembrolizumab, and anti PD-L1 

drugs such as atezolizumab and durvalumab, approved to date, in monotherapy or in combination 

with other agents, in several oncological diseases. Immune checkpoint inhibitors (ICIs) are a class of 

immunotherapeutic drugs that act by blocking the inhibitory pathways of the immune system, 

favouring the priming of an effective anti-cancer immune response [18,19]. Thanks to the action of 
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these drugs, T lymphocytes can recognise and attack tumour cells by removing the inhibitory and 

suppressive effect that promotes immune cell exhaustion and tumour escape [20-21].  

Over the last decade, immunotherapy has revolutionised the standard treatment of many solid 

tumours, including non-small cell lung cancer (NSCLC), metastatic uveal melanoma (UM), 

recurrent/metastatic squamous cell carcinoma of the head and neck (R/M HNSCC) and renal cell 

carcinoma (RCC) [22-28]. 

 

1.2 Immunotherapy in metastaic renal cell carcinoma: state of art 

In Italy, RCC ranks tenth in terms of frequency [29]. Twenty-five per cent of patients with renal 

cancer, present at diagnosis at an advanced stage, while about one third of patients undergoing 

excision of the primary tumour will develop distant disease recurrence during their lifetime.  The 

choice of therapeutic strategy is complicated by many factors: 1) the number of therapeutic options 

available; 2) the poor comparability of the studies due to the heterogeneity of the populations. 

Furthermore, the lack of a validated predictive factor and homogeneity in the use of prognostic 

classifications. 

The histological features of RCC with a prognostic value are: the histotype (clear cell 70%, papillary 

renal 10-15% of cases, chromophobe 5%), nucleolar grade, sarcomatoid component, tumour necrosis 

and renal sinus invasion [30].  The two widely used prognostic systems are the Memorial Sloan 

Kettering Cancer Centre (MSKCC) prognostic system and the Heng prognostic system. Both use 

clinical and laboratory parameters in order to stratify patients for inclusion in clinical trials and to 

define precise treatment indications [31].  

In recent years, the treatment of metastatic RCC underwent a huge change due to the proven efficacy 

and market entry of new drug classes: TKIs, mTOR inhibitors and immunotherapy.  

RCCs are associated with immune system dysfunction [32-35]. RCCs are rich in inflammatory 

infiltrates consisting of T cells, natural killer (NK) cells, dendritic cells (DC) and macrophages [36, 

37]. While the function of some of these cells is still unclear, others have well-defined roles in tumour 

progression. Tumour-associated macrophages (TAMs) are known for their immunosuppressive 

action, which is associated with the secretion of inhibitory cytokines, the generation of reactive 

oxygen species, the development of Treg with immunosuppressive activity and the induction of 

angiogenesis [38, 39]. Similarly, MDSCs prevent the triggering of an effective antitumour immune 

response through: inhibition of effector T-cell function and induction of Treg maturation [36, 37], 

inhibition of DC maturation and antitumour cytotoxic T lymphocytes (CTLs). The role of the immune 

system in RCC is not only determined at the cellular level but also through the production of 

numerous inflammatory mediators (i.e. through the action of cytokines and chemokines). These 
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mediators contribute to angiogenesis and the survival, proliferation and progression of tumour cells 

[40, 41]. Therefore, modulation of immune system effectors, strategies employing immune 

checkpoint inhibitors and chemokine receptor antagonists have a strong rationale in the treatment of 

kidney tumours [42, 43]. 

Immunotherapy entered the therapeutic management of RCC with the CHECMATE 025 study. In 

the CheckMate 025 trial [44], 821 patients with metastatic renal carcinoma pre-treated with one and 

two lines of antiVEGFs were randomised to receive either nivolumab or everolimus. The advantage 

of nivolumab in overall survival (OS) was observed regardless of PDL1 expression assessed by 

immunohistochemistry. Nivolumab was well tolerated, with a better quality of life (QoL) and lower 

grade 3 and 4 toxicities compared to everolimus. In 19% and 37% Grade 3 or 4 treatment-related 

adverse events (AEs) occurred in nivolumab arm and everolimus arm, respectively, demonstrating a 

superior safety profile for nivolumab. Fatigue (34.7%) and pruritus (15.5%) were the most common 

treatment-related AEs of any grade with nivolumab, while fatigue (34.5%) and stomatitis (29.5%) 

with everolimus. Moreover, a significant increase in toxicity-free survival was observed [44, 45-47]. 

Based on the results of this study, nivolumab is one of the treatments of choice in patients progressing 

after a VEGFR inhibitor.    

In April 2018, the randomised phase 3 CheckMate 214 trial [48] compared nivolumab in combination 

with the anti CTLA-4 ipilimumab versus sunitinib in patients with previously untreated mRCC.  

 A total of 1096 patients were randomised into the 2 treatment arms. After a median follow-up of 25.2 

months, the OS rate at 18 months was 75% (95% CI 70-78) for the combination nivolumab plus 

ipilimumab, and 60% (95%CI 55-65) for sunitinib; the median OS in the immunotherapy combination 

arm was not achieved while it was 26 months for sunitinib (HR 0.63, p<0.001). The overall response 

rate (ORR) was 42% vs 27% (p<0.001) in the 2 arms respectively, while the complete response rate 

was 9% vs 1%, respectively. The median progression free survival (PFS) was 11.6 months for 

nivolumab plus ipilimumab and 8.4 months for sunitinib (HR 8.82 p=0.03). In contrast, in the low 

risk class population, the sunitinib-treated group had a better performance in terms of PFS and ORR.  

The incidence of G3-4 AEs was 46% in the nivolumab +ipilimumab treatment arm and 63% in the 

sunitinib treatment arm. Discontinuation of treatment due to related AEs   occurred in 22% of patients 

in immunotherapy arm and 12% of the patients in sunitinub arm.  

At a follow up of 60 months, no deterioration of health-related QoL or new late toxic effects were 

observed during or after treatment with nivolumab plus ipilimumab [49]. 

After a median follow up of 32.4 months, the benefit of the nivolumab-ipilimumab versus sunitinib 

combination is maintained for both high- and intermediate-risk patients with regard to OS (median 

OS not reached [95% CI, 35. 6 not estimable] vs 26.6 months [22.1-33.4]; HR ] 0.66[ CI 95% 0.54-
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0.80] , p<0.0001), PFS (median 8.2 months [CI 95% 6.9-10.0] vs 8.3 months [7.0-8.8] ; HR 0.77[CI 

95% 0.65-0.90], p=0.0014). In January 2019, EMA authorised the use of nivolumab in combination 

with ipilimumab as first line therapy in patients with advanced high/intermediate risk RCC.  After 4 

years follow-up, OS, PFS and ORR remain higher in nivolumab-ipilimumab arm compared to 

sunitinib group, regardless of risk category [50]. The results reporting 5-year survival continue to 

favour nivolumab plus ipilimumab for both OS and PFS over sunitinib. The ORR was also higher for 

the combination (61% versus 23%; P < .0001), with more patients in complete response (23% versus 

6%) and no major changes in safety and tolerability data [51]. 

The results of the KEYNOTE 426 trial [52], in which 861 patients with metastatic clear cell 

carcinoma were randomised to receive pembrolizumab and axitinib, a potent VEGFR1 receptor 

inhibitor, versus sunitinib as first-line treatment, were published. At a median follow-up of 12.8 

months, the combination demonstrated superior OS, PFS, ORR, a 47 % reduction in the risk of death 

compared to sunitinib. OS at 12 and 18 months was 89.9 % vs 78.3 % and 82.3 % verus 72.1 % for 

the combination and sunitinib, respectively. PFS at 12 and 18 months was 59.6% and 41.1% for the 

combination and 46.2% and 32.9% for sunitinib, respectively. The median PFS was 15.1 months for 

the combination versus 11.1 months for sunitinib. The ORR was 60% for the combination (6% CR) 

versus 39% for sunitinib. The observed benefits were independent of PDL1 status and risk category. 

The toxicity of the combination does not appear to be enhanced compared to that expected for the 

individual drugs. High grade AEs of any cause occurred in 75.8% and in 70.6% of patients in the 

pembrolizumab-axitinib and sunitinib group, respectively. In the pembrolizumab–axitinib group, 

discontinuation of either drugs due to adverse events occurred in 30.5% of patients versus 13.9% in 

sunitinib group. Moreover, 4 (0.9%) patients died from treatment-related AEs in pembrolizumab-

axitinib arm versus 7 patients (1.6%) in sunitinib group. Diarrhea and hypertension were the most 

common AE related to treatment in both groups [52]. In April 2019, the FDA approved the 

combination pembrolizumab and axitinib for first-line metastatic RCC. After a median follow-up of 

30.6 months, pembrolizumab plus axitinib continued to show a benefit over sunitinib in both OS 

(median not reached v 35.7 months) and PFS (15.4 v 11.1 months) with a better ORR (60% vs 40%) 

[28]. After a median follow-up of 42.8 months, the median OS was 45.7 months and 40.1 months, 

and the median PFS was 15.7 months and 11.1 months in pembrolizumab plus axitinib and sunitinib 

arm, respectively [53]. 

The Javelin Renal 101 study [54] randomised 886 patients with clear cell carcinoma (21% low-risk, 

62% intermediate-risk and 16% high-risk), 63% of whom were PDL1 positive (>=1%), to receive the 

combination avelumab-axitinib versus sunitinib.  At a follow-up of 13 months, the combination 

confirmed the benefits on PFS and ORR in the entire population regardless of risk and PDL1 
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expression categories. PFS was 13.8 months for the combination versus 7.2 months for sunitinib in 

PDL1-positive patients with a 39% reduction in the risk of disease progression or death (HR,0.61; 

p<0.0001). AEs rates during treatment were similar in the two arms, these events were grade 3 or 

higher in 71.2% and 71.5% of the patients in the avelumab-axitinib and sunitinib arms, respectively.  

A further promising first-line therapeutic combination is atezolizumab (an anti PDL1 agent) plus 

bevacizumab. The results of the randomised phase III study IMmotion 151 [55], were recently 

published. In this study, untreated mRCC patients were randomised to receive atezolizumab plus 

bevacizumab or sunitinib, and were stratified according to PDL1 expression (<1% vs ≥1%). The 

combination of atezolizumab + bevacizumab showed an advantage in terms of PFS 11.2 vs 7. 7 

months with sunitinib in PDL1 patients (HR 0.74 [95% CI; 0.57-0.96]; p =0.0217).  The final analysis 

showed a similar median OS in patients receiving atezolizumab plus bevacizumab compared to 

sunitinib (36.1 vs 35.3 months in the intention-to-treat populations and 38.7 vs 31.6 months in PD-

L1+ patients). No safety concerns were reported [56]. 

Some combinations have shown promising results, although not yet reimbursed. The phase 3, 

randomised, open-label CM9ER study compared the combination nivolumab and cabozantinib to 

sunitinib in patients with advanced clear cell carcinoma [57]. At a median follow-up of 18.1 months, 

the mPFS was 16.6 months for the combination arm and 8.3 months (HR: 0.51; LC 95%: 0.41, 0.64) 

for sunitinib. The OS rate at 12 months was 85.7% for the combination and 75.6% for sunitinib (HR: 

0.60; LC 98.9%: 0.40, 0.89), while the ORR was 55.7% of patients receiving nivolumab plus 

cabozantinib and in 27.1% of those receiving sunitinib. Grade 3 or higher AEs were observed in 

75.3% of patients treated with nivolumab plus cabozantinib and in 70.6% of those receiving sunitinib. 

Overall, 19.7% of the patients in the combination arm discontinued at least one of the drugs due to 

AEs. At extended follow-up, grade 3-4 treatment-related AEs occurred in 65% and 54% of patients 

in the nivolumab-cabozantinib and sunitib groups, respectively. Hypertension and palmar-plantar 

erythrodysaesthesia syndrome were the most common treatment-related grade 3-4 AEs and occurred 

at similar rates in both groups. Patients in nivolumab plus cabozantinib arm reported a better health-

related QoL compared to sunitinib [58, 59]. 

The phase 3, randomised, open-label CLEAR-KN581 trial compared the combination 

pembrolizumab-lenvatinib to sunitinib in patients with advanced clear cell carcinoma [60]. At a 

median follow-up of 22.3 months, the median PFS was 23.9 months (LC95%: 20.8, 27.7) in the 

combination arm vs 9.2 months (LC95%: 6.0, 11.0) in the control arm with a reduction of 61% in the 

risk of progression compared to sunitinib. At a median follow-up of 33.7 months, the median OS is 

not yet estimable in both treatments under investigation, with a 28% relative reduction in the risk of 

death compared to sunitinib.  In the combination arm there is a 15% relative increase in the risk of a 
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serious AE compared to sunitinib. The cumulative incidence of adverse events causing treatment 

discontinuation was 37.2% in the pembrolizumab-lenvatinib arm vs 14.4% in the sunitinib arm.   

Overall, immunotherapy has proven to be safe and manageable in terms of AEs, compared to target 

therapy, both in monotherapy and in combination strategies.  Two immunotherapeutic drugs in 

combination (CheckMate 214) do not lead to significant increases in the risk of serious AEs 

occurrence and discontinuation of therapy. Among the combinations of immunotherapy and target 

therapy, the pembrolizumab-lenvatinib study raises concerns about the risk of developing serious 

AEs. In contrast, the combination pembrolizumab-axitinib has been shown to be safe in clinical trials 

and is already currently used in clinical practice.  

According to the results of the Late-Breaking Abstract of the COSMIC-313 study presented at the 

ESMO 2022 Congress (LBA8), the cabozantinib-nivolumab-ipilimumab (C+N+I) triplet resulted in 

a significant 27% reduction in the risk of progression compared to the nivolumab-ipilimumab doublet 

among 550 patients with untreated metastatic RCC at intermediate or poor risk with a PFS not reached 

in the triplet arm and 11.3 months in the doublet arm. The ORR rates were 43% and 36% with the 

triplet and doublet, respectively, with a higher rate of grade 3-4 treatment-related AEs (73% vs. 41%).  

Furthermore, treatment discontinuation for treatment-related AE was required in 12% and 5% of 

patients in the triplet arm and in the doublet arm, respectively [61].  

Therefore, the future scenario in the treatment of RCC is destined to become even more complex due 

to the availability of additional and innovative strategies that will create many additional therapeutic 

opportunities in first-line and subsequent treatment choices. There is therefore an urgent need to 

define predictive factors for response or resistance that will make it possible to tailor the treatment 

course to the individual patient.   

 

1.3 Immunotherapy in Recurrent/Metastatic Head and Neck squamous cell carcinoma: state 

of art 

Head and neck squamous cell carcinoma (HNSCC) is globally the sixth most common type of cancer 

and is still burdened by an overall mortality ranging from 40 to 50%. ICIs, a class of drugs able to 

block immune suppressive pathways in order to prime an anticancer immunity, revolutionized 

standard of care in recurrent and/or metastatic (R/M) HNSCC both in first line and in 

platinum/refractory disease [26, 27, 62].  

HNSCC is an immunosuppressive disease with high inflammatory component and high level of 

tumor-infiltrating lymphocyte (TILs) in tumor microenvironment. The PD-1/ PD-L1 axis is involved 

in the genesis, maintenance and progression of HNSCC and represents the target of ICIs [62]. Recent 

clinical trials showed that only a small subset of patients really benefits from ICIs. Therefore, the 
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goal is to identify possible predictive biomarker of response to immunotherapy.  Although many 

promising biomarkers are under investigation, PD-L1 expression in tumor micro-environment has 

been explored in many prospective clinical trials [26, 27, 63]. 

KEYNOTE-012 [63], the phase I study of pembrolizumab as second line treatment of HNSCC, 

showed an increased response rates based on the composite positive score (CPS, the number of cells 

positive for PDL1 staining, divided by the total number of cells, multiplied by 100). In PDL1-positive 

tumors, with a CPS greater than or equal to 1, the response rate was 22% versus 4% in negative PDL1 

tumors.  

The phase III study KEYNOTE 048 [27] recently demonstrated a benefit in OS of pembrolizumab 

versus the standard first line regimen in PDL1 positive and CPS tumors > 1 and 20. In contrast with 

the above results, CheckMate-141 [26] failed to demonstrate a significant association between PDL1 

expression in tumor cells (> 1%, > 5% or > 10%), response rates and OS in platinum-refractory 

disease treated with nivolumab. However, in these studies, there is no homogeneity in the choice of 

PDL1 determination methods. Furthermore, PDL1 expression is the result of complex molecular 

crosstalk between different intracellular signaling pathways such as MAPK, PI3K and Aky/PKB, that 

play a key role in modulating and influencing the regulation of PD-L1 expression [64, 65].   

The phase III KEYNOTE 048 trial [27], which evaluated pembrolizumab as first-line monotherapy 

or in combination with chemotherapy versus the standard first-line EXTREME regimen, recently 

demonstrated an OS benefit of pembrolizumab as monotherapy versus the standard first-line 

EXTREME regimen in PDL1-positive tumours with CPS >1 and >20. At the second interim analysis 

in the population with CPS> 20, OS was higher in the pembrolizumab arm compared to the 

EXTREME scheme (median 14.9 versus 10.7 months, HR 0.61, 95% CI 0.45-0.83). In patients with 

CPS ≥1, the median OS was 12.3 versus 10.3 months (HR 0.78, 95% CI 0.64-0.96). No improvements 

in ORR or PFS were evident. The median duration of response was longer in the pembrolizumab arm 

compared to standard chemotherapy (20.9 vs 4.2 months in CPS ≥ 20, 20.9 vs 4.5 months CPS ≥ 1 

and 20.9 vs 4.5 months in the overall population). At final analysis, grade 3 or worse all-cause AEs 

occurred in 55% of patients in pembrolizumab alone group, 85% of pembrolizumab-chemotherapy 

group, and 83% of EXTREME chemotherapy group. Death due to AEs occurred in 8%, 12%, and 

10% in the pembrolizumab alone, pembrolizumab chemotherapy, and chemotherapy-cetuximab 

groups, respectively. Discontinuation due to AEs occurred in 12% of 300 patients in the 

pembrolizumab group, 33% of 276 pembrolizumab participants with chemotherapy group and 28% 

of 287 participants in the cetuximab with chemotherapy group. Deaths due to treatment-related AEs 

occurred in 3 (1%), 11 (4%) and 8 (3%) in the pembrolizumab, pembrolizumab-chemotherapy, and 

cetuximab-chemotherapy group, respectively. The most common treatment-related AEs were fatigue 
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and hypothyroidis, while anemia e nausea was the most common AE for pembrolizumab with 

chemotherapy and cetuximab with chemotherapy. Pembrolizumab alone was associated with a higher 

risk of hypothyroidism than cetuximab with chemotherapy. 

Pembrolizumab with chemotherapy has been associated with an increased risk of anemia, 

hypothyroidism and cough compared to cetuximab with chemotherapy, while the risks of 

hypokalemia, hypomagnesaemia, rash and acneiform dermatitis was greater with cetuximab with 

chemotherapy. Both options, pembrolizumab alone and pembrolizumab-chemotherapy maintained 

health-related QoL [66]. 

Furthermore, the results of the final KEYNOTE 048 analysis, showed a superior OS in the 

pembrolizumab/chemotherapy arm versus the EXTREME arm in patients with CPS ≥ 20 (14.7 vs 11 

months, respectively, hazard ratio [HR] = 0.60, 95 % confidence interval [CI] = 0.45-0.82, P = .0004). 

Similarly, in the population with CPS ≥ 1, OS was 13.6 versus 10.4 months (HR = 0.65, 95 % CI = 

0.53-0.80, P < .0001) in the pembrolizumab/chemotherapy arm vs the EXTREME arm, respectively. 

Overall, the tolerability and safety profile of immunotherapy treatment, alone or in combination with 

chemotherapy, was confirmed and favorable compared to standard chemotherapy treatment [27, 67]. 

Based on these results, the FDA approved pembrolizumab as monotherapy for first-line treatment 

only for PD-L1 positive patients with CPS > 1 and in combination with platinum- 5fluorouracil 

chemotherapy regardless of PD-L1 expression. EMA, on the other hand, approved pembrolizumab 

both as monotherapy and in combination with platinum-5fluorouracil only for patients with CPS ≥ 1. 

Subsequently, AIFA also approved reimbursability for the first-line treatment of patients with 

relapsed or metastatic disease in potentially platinum-sensitive, with disease not amenable to 

locoregional treatment and with PD-L1 expression (CPS ≥ 1). In patients negative for PD-L1 

expression (CPS < 1), EXTREME or TPExstreme [67] remains the treatment of choice limited to 

eligible patients with a good performance status.  

With a 4-year follow-up, first-line pembrolizumab and pembrolizumab-chemotherapy continued to 

demonstrate survival benefit versus EXTREME chemotherapy in R/M HNSCC: OS improved with 

pembrolizumab in the PD-L1 CPS ≥ 2 and CPS ≥ 1 populations and was noninferior in the total 

population (HR, 0.81; 95% CI, 0.68 to 0.97), as well as pembrolizumab-chemotherapy in the PD-L1 

CPS ≥ 20 and total population [68]. At an updated 5-year follow-up, pembrolizumab and 

pembrolizumab plus first-line chemotherapy continued to show durable efficacy and manageable 

safety. The 5-year OS rate for pembrolizumab versus EXTREME was 19.9% versus 7.4% in CPS 

≥20, 15.4% versus 5.5% in CPS ≥1 and 14.4% versus 6.5% in the overall population, respectively. 

The OS rate for the pembrolizumab plus chemotherapy versus EXTREME arm was 23.9% versus 

6.4% in CPS ≥20, 18.2% versus 4.3% in CPS ≥1, and 16.0% versus 5.2% in the total populations, 
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respectively. Treatment-related grade 3-5 AEs were 17.0%, 71.7% and 69.3% in the pembrolizumab 

arm, in pembrolizumab plus chemotherapy and in the EXTREME arm, respectively [69]. 

A randomised phase III trial (CheckMate 651, NCT02741570) evaluated the combination of 

nivolumab and ipilimumab in first-line versus the standard first-line EXTREME regimen. Although 

not published in full, the presentation at the ESMO 2021 congress of the combination of nivolumab 

and ipilimumab showed no better survival than the EXTREME scheme in the general population and 

in those with CPS>20. Grade 3/4 treatment-related AEs occurred in 28.2% and 70.7% of patients 

treated with nivolumab plus ipilimumab and standard chemotherapy with cetuximab, respectively, 

demonstrating a favorable safety profile compared with EXTREME regimen [70].  

The KEYNOTE-040 trial [71], a phase III study evaluating pembrolizumab in patients with metastatic 

and/or relapsed platinum-refractory disease not amenable to local treatment, showed an association 

between clinical benefit and PDL1 expression in tumour cells with tumour positive score (TPS) 

>50%.  The authors demonstrated a median OS of 8.4 months (95% CI 6.4-9.4) with pembrolizumab 

and 6.9 months (5.9-8.0) with standard oncologist's choice (SOC) (HR for death was 0.80 (95% CI 

0.65-0.98; nominal p = 0.0161). Serious toxicities were 13% in the pembrolizumab arm compared to 

36% in the chemotherapy arm. Overall, pembrolizumab achieved a favorable safety profile; the most 

common treatment-related AE was hypothyroidism with pembrolizumab (13%) and fatigue with 

standard of care (18%). Results at a 6-year follow-up presented at ESMO 2022 showed that 

pembrolizumab continued to gain an OS benefit over SOC in R/M HNSCCs, regardless of PD-L1 

expression. Indeed, the median OS was 8.4 months in the pembrolisumab arm versus 7.1 months in 

the SOC arm (HR, 0.79; 95% CI, 0.66-0.94) in the Intention-to-treat (ITT) population, 11.6 months 

versus 7.9 months (HR, 0.62; 95% CI, 0.43-0.90) for the TPS ≥50% population, and 8.7 months 

versus 7.1 months (HR, 0.72; 95% CI, 0.59-0.89) for the CPS ≥1 population. Treatment-related AEs 

of any grade occurred in 64.2% of patients in the pembrolizumab arm and 83.3% of patients in the 

SOC arm. Treatment-related AEs occurred in 13.4% and 36.8% in the pembrolizumab and SOC arms, 

respectively [72]. 

The ongoing Phase 4 study KEYNOTE-B10 (NCT04489888) is evaluating the combination 

pembrolizumab-carboplatin-paclitaxel in the first-line setting in HNSCC R/M. The results presented 

at ESMO 2022 showed good antitumor activity with a manageable safety profile, offering an 

alternative regimen to those containing 5-FU. With a median follow-up of 8.2 months, ORR was 43% 

and median OS was 12.1 months. Treatment related AEs of any grade occurred in 96% and the most 

common were neutropenia (57%), anemia (43%) and fatigue (40%). Grade 3-5 treatment related AEs 

occurred in 71% of patients [73]. 

The phase III Chekmate 141 trial [26] studied the use of nivolumab in patients with HNSCC 
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progressed after first-line platinum-based chemotherapy or after concomitant chemo/radiotherapy. 

Three hundred and sixty-one patients were randomised to receive nivolumab (3 mg/kg every 

fortnight) or SOC treatment including methotrexate, docetaxel or cetuximab. Among the 240 patients 

randomised to receive nivolumab, a benefit in OS with a 30% reduction in the risk of death was 

demonstrated (hazard ratio [HR], 0.70; 97.73% confidence interval [CI], 0.51-0.96; p 0.01). The ORR 

was also higher in the nivolumab arm than in the standard therapy arm (13.3% versus 5.8%, 

respectively). Treatment-related AEs of grade 3 or 4 occurred in 13.1% of the patients in the 

nivolumab group versus 35.1% of those in the standard-therapy group. At two-year follow-up, OS 

remained significantly higher in the nivolumab arm compared to SOC (7.7 months vs. 5.1 months, 

HR = 0.68 [95% CI, 0.54, 0.86]). Moreover, in the nivolumab arm safety profile was confirmed with 

Grade 3-4 treatment-related AE rates of15.3% and 36.9% for nivolumab and SOC, respectively. 

Nivolumab was able to delay the time to deterioration of patient-reported QoL outcomes compared 

to SOC, supporting nivolumab as a standard of care option in this setting. Based on the results of 

Chekmate 141, nivolumab was approved by the FDA. CheckMate-141 [26, 74] failed to demonstrate 

a significant association between PDL1 expression, response rates to nivolumab, and OS.  The 

monoclonal antibodies pembrolizumab and nivolumab showed significant activity in patients with 

platinum-refractory metastatic HNSCC or with loco-regional recurrence not amenable to local 

treatment. Therefore, they were both approved by the Food and Drug Administration FDA in 2016 

and 2018, respectively. Nivolumab is currently reimbursed in Italy in the treatment of platinum-

refractory disease.  

In 2019, a single treatment arm phase II study evaluated durvalumab (anti PD-L1 antibody) in 112 

patients with platinum refractory HNSCC and with PD-L1 expression on tumour cells (TC) >25%. 

The response rate was 16.2% (95% CI, 9.9-24.4). At a follow-up of 6.1 months (range, 0.2-24.3) the 

median OS was 7.1 months (95% CI, 4.9- 9.9). Toxicity profile was acceptable with a 57.1% of 

treatment-related AE of any grade occurred and no treatment related dead [75]. 

The randomised phase II study CONDOR enrolled 267 patients with R/M disease progressing during 

or after first-line treatment with platinum-based treatment for R/M disease and with absent or low 

PD-L1 expression. Eligible patients were randomised to receive combination therapy with 

durvalumab /tremelimumab versus durvalumab as monotherapy versus tremelimumab as 

monotherapy. The ORR was 7.8% with the combination, 9.2% with durvalumab and 16.9% with 

tremelimumab combination, 9.2% with durvalumab as monotherapy and only 1.6% with 

tremelimumab. The median OS was respectively 7.6 months with the combination, 6 months with 

durvalumab and 5.5 months with tremelimumab. In this phase II study, both combination therapy and 

monotherapy showed a safe and manageable toxicity profile with Grade 3/4 treatment-related AEs in 
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15.8%, 12.3% and 16.9% in patients treated with durvalumab-tremelimumab, durvalumab and with 

tremelimumab, respectively. Grade 3/4 immune-mediated AEs occurred only in the combination arm 

(6%) [76]. In 2020, the phase III Eagle study enrolled 736 patients with R/M, platinum refractory 

HNSCC. Eligible patients were randomised to receive durvalumab, durvalumab plus tremelimumab, 

or SoC.  No benefit in terms of OS was observed either in the durvalumab versus SoC nor in the 

durvalumab versus tremelimumab versus SOC. Treatment-related AEs were consistent with previous 

reports. The phase 3 study confirmed the safe toxicity profile. The most common treatment-related 

AEs included hypothyroidism for durvalumab (11.4%) and durvalumab plus tremelimumab (12.2%).  

The rate of Grade ≥3 events was 10.1% for durvalumab, 16.3% for the combination and 24.2% for 

SoC [77]. The results of CheckMate 651 evaluating the combination nivolumab plus ipilimumab 

versus EXTREME in patients with first-line R/M HNSCC were presented at asco 2022. There were 

no statistically significant differences in OS in the overall population (median: 13.9 v 13.5 months; P 

= .4951) and in patients with CPS ≥ 20 (median: 17.6 v 14.6 months; P = .0469).  In patients with 

CPS ≥ 20, the PFS was 5.4 months and 7.0 months, the ORR was 34.1% and 36.0%, and the median 

duration of response was 32.6 and 7.0 months in the nivolumab-ipilimumab and EXTREME groups, 

respectively.  Treatment-related Grade 3/4 AEs were 28.2% and 70.7% in the nivolumab-ipilimumab 

arm and EXTREME arm, respectively [78].  

In a phase II, open-label, multicentre, single-arm study evaluating the tolerability and clinical benefit 

of pembrolizumab and cabozantinib in patients with RM HNSCC who had not received previous 

ICIs, with CPS > 1. At a median follow-up of 12.7 months, an overall RECIST 1.1 ORR response 

rate was 45.2% (CR=0; PR=14, 45.2%; SD=14, 45.2%; PD=3. 0, 10%) with an overall clinical benefit 

of 90.4%; 1-year OS was 67.7% and 1-year PFS was 51.8%. The most frequent AE (all grades) was 

fatigue (50.0%) [79]. 

Immunotherapy in R/M HNSCC has become standard in I and II line, also showing an efficacy and 

safety profile in combination strategies with chemotherapy, a factor of considerable relevance 

considering the typical clinical frailty of HNSCC patients and the need to ensure a good QoL. 

 

1.4 Immunotherapy in metastatic non-oncogene addicted non-small cell lung cancer: state of 

art 

Lung cancer is still the leading cause of cancer-related death, with approximately 1.8 million new 

cases (12.9% of the total) and 1.6 million deaths (19.4% of the total) annually. More than 95% of 

lung carcinomas can be attributed to four main histotypes: squamous cell carcinoma (CS), 

adenocarcinoma (ADC), large cell carcinoma (CGC) and small cell carcinoma or microcytoma 

(SCLC). In Western countries, the frequency of ADC is sharply increasing (>50%), while CS and 



20 
 

microcytoma are significantly decreasing. In recent years, the precise histological definition of non- 

small cell lung cancer (NSCLC) has become critical for new histotype-related therapies [80].    

In recent years, the study of the molecular characteristics of lung tumours highlighted a specific role 

of certain genes as important therapeutic targets, including EGFR (Epidermal Growth Factor 

Receptor) and ALK (Anaplastc Lymphoma Kinasé) [81]. In NSCLC (particularly in 10-15% of ADCs 

of Caucasian patients and 40% of Asian patients) EGFR activating mutations have been identified at 

exons 18, 19, 20 and 21, actually, the most important predictive factor for molecularly targeted 

therapies with specific tyrosine kinase inhibitors of EGFR. Recently, new molecular alterations 

identifying other ADC subgroups have been documented: on the short arm of chromosome 2 the 

rearrangement of the ALK oncogene with the EML-4 oncogene (or more rarely with other fusion 

genes) produces a specific protein with tyrosine kinase activity involved in cell proliferation and 

survival processes. It is present in approximately 3-7% of lung ADCs. Determination of the ALK 

gene rearrangement is necessary to select patients for treatment with ALK-specific tyrosine kinase 

inhibitors (Crizotinib, the first to be used in clinical practice, and others such as Ceritinib and 

Alectinib). Other molecular alterations, particularly in ADC, with promising therapeutic choices are 

represented by the ROS1 gene rearrangement (about l-2% of ADC) and the RET gene, activating 

mutations of BRAF (both V600E and non-V600E) and HER2 [82].  

Currently, the choice of treatment for patients with advanced NSCLC (stage IIIB not amenable to 

locoregional treatment and stage IV) is based on:  

- histology (squamous versus non-squamous)  

- presence of 'driver' molecular alterations (mainly EGFR mutation or ALK rearrangement, ROS-1) 

identifying oncogene-addicted disease  

- expression level of PD-L1  

- clinical characteristics of the patient (age, performance status, comorbidities). 

Before immunotherapy advent, second-line chemotherapy presented response rates <10%, median 

PFS of 2 months and median OS of 7-8 months. The introduction of ICIs into clinical practice has 

extraordinarily revolutionised patient survival and QoL. Like other tumour types, NSCLCs are 

characterised by an immunosuppressive tumour microenvironment capable of promoting tumour 

growth [83, 84]. For instance, NSCLC tumours have been shown to contain large numbers of Treg 

that constitutively express high levels of CTLA-4 on their surface and directly inhibit T-cell 

proliferation [85]. Furthermore, in NSCLCs, tumour-infiltrating CD8+ T-cells showed increased 

expression of PD-1 with an important impairment of immunological function [86]. PD-L1 also 

appears to be overexpressed on NSCLC tumour cells and correlates with suppression of DC 

maturation and reduced T-cell infiltration in the tumour microenvironment [87-88]. Furthermore, 
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tumour cells in the tumour microenvironment are able to induce a deficit in the expression of the 

MHC I thereby causing dysfunction in antigenic presentation mechanisms. Lung cancer cells may 

also be able to release immunosuppressive cytokines, including IL-10 and TGF-β [89, 90]. Given the 

clear role of the immune system in the genesis and progression of NSCLC, research has yielded 

remarkable results in the use of immunotherapy in different disease settings.  

Results in terms of both efficacy and safety have recently been reported from several phase III studies 

investigating the role of ICIs in NSCLC [22, 23, 91-93]. Pembrolizumab can be considered a standard 

first-line treatment in patients with PD-L1 expression ≥ 50% (KEYNOTE-024 study).  The 

KEYNOTE-024 study, is a phase 3 randomised open-label trial, including 305 patients with 

metastatic NSCLC, without EGFR mutation or ALK rearrangement, with PD-L1 expression ≥ 50%, 

and with performance status of 0-1, randomised to receive first-line treatment with pembrolizumab 

or with a standard chemotherapy regimen (platinum-based for 4-6 cycles, with the possibility of 

continuing pemetrexed as maintenance therapy). Pembrolizumab demonstrated a significant increase 

in PFS (median 10.3 versus 6.0 months, HR 0.50, CI 95% 0.37-0.68, P < 0.001). At a median follow-

up of 59.9 months, the median OS was 26.3 months with pembrolizumab and 13.4 months with 

chemotherapy (HR 0.62; 95% CI, 0.48 to 0.81, P = 0.001) with a 5-year OS rate of 31.9% with 

pembrolizumab versus 16.3% with chemotherapy. Overall, the safety profile was better for 

pembrolizumab compared to chemotherapy, both for the incidence of AEs of any grade (76.6% versus 

90.0%), and grade 3-5 AEs (31.2% versus 53.3%). The rate of patients discontinuing treatment due 

to AEs was similar in the two arms (13.6% with pembrolizumab and 10.7% with chemotherapy) [94]. 

The multicenter, phase III trial EMPOWER-Lung 1 confirmed the cemiplimab, an anti PDL-1 agent, 

as a treatment option in advanced NSCLC with TPS ≥50%. Median OS was not achieved with 

cemiplimab compared to 14.2 months in the platinum-based chemotherapy arm. PFS was 8.2 months 

with cemiplimab compared to 5.7 months with chemotherapy (HR 0.54 [0-43-0-68]; p<0-0001).  

Treatment-related grade 3-4 AEs occurred in 28% patients treated with cemiplimab versus 39% 

patients in the chemotherapy arm. In February 2021, FDA approved Cemiplimab in first line setting 

in advanced NSCLC with TPS ≥ 50% [95]. 

Combination strategies, immunotherapy and chemotherapy, have been widely explored 

revolutionising the first-line setting of non-oncogene addicted disease. 

The phase 2 randomised multi-cohort, open label study KEYNOTE-021 included 123 patients with 

metastatic NSCLC with nonsquamous histology without EGFR mutations or ALK rearrangement and 

with any PDL1 expression level, with performance status of 0-1, in first-line setting. Patients were 

randomised to receive pembrolizumab in combination with carboplatin and pemetrexed for 4 cycles, 

followed by maintenance pemetrexed and pembrolizumab for up to 24 months or chemotherapy alone 
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followed by maintenance. With a follow-up of 49.4 months, the benefit was confirmed for the 

combination arm with pembrolizumab in term of both ORR (58% versus 33%) and PFS (24.5 versus 

9.9 months; HR 0.54; 95% CI 0.35-0.83) and OS (34.5 versus 21.1 months; HR 0.71; 95% CI 0.45-

1.12), despite a 70% crossover from chemotherapy to combination arm. The incidence of severe AEs 

was 39% among patients treated with the combination versus 31% in patients treated with 

chemotherapy. Twelve per cent and 5% of the patients in the pembrolizumab plus chemotherapy 

group had anaemia and neutropenia as the most frequent grade 3 or higher AEs.  

A further 3% of patients in the combination arm experienced acute kidney injury, decreased 

lymphocyte count, fatigue, neutropenia, sepsis and thrombocytopenia. In the chemotherapy group, 

the most common grade 3 or worse events were anaemia (15%) and decreased neutrophil count, 

pancytopenia and thrombocytopenia.  

One (2%) of 59 patients in the pembrolizumab plus chemotherapy group experienced a treatment-

related death due to sepsis, compared to two (3%) in the chemotherapy group: one due to sepsis and 

one due to pancytopenia [96]. 

The KEYNOTE-189 trial, a randomised phase 3, double-blind study, included 616 patients with 

metastatic NSCLC with non-squamous histology, without EGFR mutations or ALK rearrangement 

and with any level of PD-L1 expression, with performance status of 0-1, on first-line setting. Patients 

were randomised to receive pembrolizumab or placebo, up to a maximum of 35 cycles, in 

combination with pemetrexed and cisplatin or carboplatin for 4 cycles followed by maintenance 

pemetrexed. With a follow-up of 46.3 months, a benefit was observed for the combination arm with 

pembrolizumab in terms of both median PFS (9.0 versus 4.9 months; HR 0.50, CI 95% 0.41-0.59) 

and median OS (22.0 versus 10.6 months, HR 0.60, CI 95% 0.50-0.72). The benefit in OS was 

consistent in all subgroups analysed on the basis of levels of PD-L1 expression, including PD-L1 

negative patients and those with PD-L1 expression 1-49%. Furthermore, there was no significant 

increase in the frequency of AEs in the pembrolizumab arm compared to chemotherapy alone (grades 

3-5 52.1% versus 42.1%), and the incidence of immuno-related AEs (any grade 27.7%, grades 3-5 

12.6%) was similar to that observed in studies of pembrolizumab as monotherapy, with the exception 

of nephritis, which occurred more frequently than expected (6.2%) [97, 98]. 

The 'IMpower132' study, first presented at ESMO 2018 and recently published, showed a significant 

benefit in terms of PFS, with a numerically, but not statistically significant OS benefit from the 

addition of atezolizumab to platinum-based chemotherapy and pemetrexed compared to 

chemotherapy alone. In the 'IMpower150' study, the addition of atezolizumab to carboplatin, 

paclitaxel and bevacizumab resulted in a significant increase in the primary endpoints compared to 

bevacizumab-chemotherapy alone: PFS, as assessed by the investigators in the wild-type population 
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and in the wild-type population with high tumour expression of a genetic signature of effector T cells 

(Teff), and OS in the wild-type population. In the same population, the "IMpower130" study 

demonstrated a significant increase in the primary endpoints (PFS and OS in the wild-type 

population) from the addition of atezolizumab to carboplatin and nab-paclitaxel compared to 

chemotherapy alone. None of the 3 trials, Impower 132, Impower 150 and IMpower 130, gave 

unexpected signals regarding safety, confirming the manageability of adding atezolizumab to 

chemotherapy. Grade 3 or worse treatment-related AEs were not significantly worse in the 

immunotherapy-chemotherapy combination arms compared with chemotherapy alone [99-102]. 

The 'KEYNOTE-407' study evaluated the addition of pembrolizumab to first-line chemotherapy 

treatment in patients with advanced, squamous histology NSCLC with any level of expression of PD-

L1. Patients were randomised to receive pembrolizumab or placebo in combination with paclitaxel 

or nab-paclitaxel and carboplatin for 4 cycles, followed by maintenance therapy with pembrolizumab 

and/or placebo in case of response or disease stability, up to a maximum of 35 cycles.   

The updated study results show a significant increase in OS in the group treated with pembrolizumab 

group (17.2 months versus 11.6 months; HR=0.71; 95% CI 0.59-0.86). PFS was also superior 

in the pembrolizumab arm (8.0 versus 5.1 months; HR=0.59; 95% CI 0.49-0.71), with an ORR of 

62.2% for pembrolizumab compared to 38.8% in the placebo arm. 

In terms of tolerability, the combination had overlapping AEs compared to the placebo-treated group: 

74.5% G3-5 AEs for the pembrolizumab-treated group versus 70.0% in the placebo-treated group 

[103, 104]. 

The phase 3 study 'IMpower131' randomised patients diagnosed with squamous histology NSCLC to 

receive atezolizumab + carboplatin + paclitaxel, atezolizumab + carboplatin + nab-paclitaxel or 

carboplatin + nab-paclitaxel for 4-6 cycles, followed by maintenance with atezolizumab or placebo 

in patients with response or disease stability. The addition of atezolizumab to carboplatin + nab-

paclitaxel chemotherapy increased the median PFS (6.3 months versus 5.6 months, HR=0.71; 

p=0.0001); while in terms of OS the difference was not statistically significant (median OS 14.2 

versus 13.5). In terms of tolerability, the combination was more toxic compared to chemotherapy 

alone: 68.0% treatment-related G3/4 AEs versus 57.5%, while serious AEs occurred in 57.5% and 

28.7% in combination arm and chemiotherapy arm, respectively [105]. Another therapeutic strategy 

that has shown promising results in the first-line setting of treatment of NSCLC patients is the 

combination of anti-PD-1/PD-L1 and anti CTLA-4. The CheckMate 227 study demonstrated that the 

combination of nivolumab-ipilimumab is associated with an increase in OS compared to 

chemotherapy alone in untreated patients with advanced NSCLC (with both squamous and non-

squamous histology) with PD-L1 expression ≥ 1% or < 1%. Grade 3 or 4 treatment-related AEs in 
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the overall population were 32.8% with nivolumab plus ipilimumab and 36.0% with chemotherapy 

[106]. At a 5-year follow-up, the combination of nivolumab and ipilimumab was confirmed to 

increase survival and long-term clinical benefit regardless of tumour PD-L1 expression [107]. 

The CheckMate 9LA study demonstrated an advantage in OS from the addition of nivolumab-

ipilimumab (continued for up to 2 years of treatment) to 2 cycles of chemotherapy compared to 

chemotherapy alone for 4 cycles in patients with metastatic NSCLC with both squamous and non-

squamous histology, without EGFR mutations or ALK rearrangement and with any PD-L1 expression 

level, with performance status of 0-1, in first-line treatment [108].  The most common AE was rash. 

Most immune-mediated AEs occurred within 6 months of starting treatment. Patients who 

discontinued nivolumab plus ipilimumab due to treatment releated AE had long-term OS benefits.  

The update with a minimum of 3 years follow-up confirmed that nivolumab-ipilimumab therapy with 

chemotherapy has durable and long-term efficacy compared with chemotherapy alone in patients with 

metastatic NSCLC regardless of KRAS and STK11 mutation status. The 3-year OS rates were 27% 

vs 19%, respectively. There were no changes in the toxicity profile with extended follow-up [109]. 

In the same clinical setting, the POSEIDON study demonstrated a benefit in PFS and OS from the 

combination of durvalumab-tremelimumab and chemotherapy compared to chemotherapy alone 

[110]. PFS was significantly improved in the durvalumab-chemotherapy arm compared with 

chemotherapy alone (P = 0.0009; median, 5.5 v 4.8 months) with a trend for improvement in OS 

without reaching statistical significance (P = 0 .0758; median, 13.3 vs 11.7 months). Both PFS and 

OS were significantly better in the tremelimumab-durvalumab-chemotherapy arm compared with 

chemotherapy alone, with median PFS of 6.2 months versus 4.8 months and OS of 14 and 11.7 

months, respectively. Treatment-related AEs were highest grade 3/4 in 51.8%, 44.6%, and 44.4% of 

patients treated with tremelimumab-durvalumab-chemotherapy, durvalumab-chemotherapy, and 

chemotherapy, respectively.  After a median follow up of 4 years, the durable long-term OS benefit 

of tremelimumab-durvalumab and chemotherapy was confirmed, supporting the use of this regimen 

in first-line as well as in patients with STK11 and KRAS mutations [111]. 

Taken together, the results of these studies suggest that immunotherapy (alone or in combination with 

chemotherapy) represents a standard in the first-line treatment of a significant proportion of patients 

with newly diagnosed advanced NSCLC.  Moreover, the combination of immunotherapy and first-

line chemotherapy has never given any worrying signs of safety, and, indeed, has proved tolerable 

compared to chemotherapy alone. 

Nivolumab is also now the standard of care in both squamous and adenocarcinoma NSCLC lung 

cancer, in II line setting.  
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The approval of nivolumab in clinical practice stems from the results of two randomised phase III 

trials CheckMate-017 and CheckMate-057 for squamous and non-squamous NSCLC, respectively 

[112]. These two multicentre, randomised, phase III trials compared nivolumab with docetaxel for 

stage IIIB/IV NSCLC with disease recurrence or progression during or after a previous platinum 

derivative-based chemotherapy regimen. In total, 272 patients with squamous and 582 with non-

squamous cancer were randomised (1:1) to receive nivolumab 3 mg/kg every 2 weeks or docetaxel 

75 mg/sqm every 3 weeks until disease progression and/or unacceptable toxicity. In the nivolumab 

arm, following initial disease progression, continuation of study treatment was allowed if clinically 

beneficial and well tolerated. The superiority of nivolumab over docetaxel was maintained over time, 

regardless of histology, with a relative reduction in the risk of death of 28% (HR 0.72, 95% CI 0.62-

0.84). After a minimum follow-up of 24.2 months, the 2-year OS with nivolumab versus docetaxel 

was 23% versus 8% in squamous NSCLC, and 29% versus 16% in non-squamous NSCLC. 

Furthermore, PFS and ORR results continued to favour nivolumab for both NSCLC subtypes.  

More interestingly, response to nivolumab was maintained over the long term: 10 out of 27 (37%) 

responders among squamous and 19 out of 56 (34%) responders among non-squamous still had 

ongoing response at the cut-off date, whereas no patients in the docetaxel arm demonstrated long-

term benefit. Furthermore, the median response with nivolumab was 25.5 months and 17.2 months, 

compared to 8.4 months and 5.6 months with docetaxel in squamous and non-squamous NSCLC, 

respectively. In agreement with previous results, treatment with nivolumab was safe and better 

tolerated than docetaxel. Treatment-related AEs were lower in the nivolumab arms (regardless of 

grade, 68% vs 88%), mainly intermediate grade (grade 3-4, 10% vs 55%) and with a toxicity profile 

consistent with that expected for this drug. The most frequently observed treatment-related AEs of 

any grade were hypothyroidism (4% with nivolumab vs 0% with docetaxel), diarrhoea (8% vs 20%), 

pneumonia (5% vs 0%), creatinine elevation (3% vs 2%) and rash (4% vs 6%). In addition, no 

treatment-related deaths were reported in early analyses [112].   

Pembrolizumab is a second-line option in patients with PD-L1 expression ≥ 1% (KEYNOTE-010 

study). The 'KEYNOTE-010' study, is a phase 2/3 randomised, open-label, multicentre trial, 

conducted in 1034 patients with a performance status of 0-1, with advanced NSCLC with PD-L1 

expression ≥ 1% (assessed centrally by immunohistochemistry with 22C3 antibody), and in disease 

progression after at least one first-line platinum-based treatment (including appropriate tyrosine 

kinase inhibitor therapy for patients with EGFR mutation or ALK rearrangement) [23, 113].   The 

median OS was significantly higher for pembrolizumab compared to docetaxel, both in the general 

population (10.4 months for pembrolizumab at 2 mg/kg versus 8.5 months for docetaxel; 12.7 months 

for pembrolizumab at 10 mg/kg versus 8.5 months for docetaxel) than in the patient population with 
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PD-L1 ≥ 50% (14.9 months for pembrolizumab 2 mg/kg versus 8.2 months for docetaxel; 17.3 

months for pembrolizumab at 10 mg/kg versus 8.2 months for docetaxel).  The recent update at 42.6 

months follow-up confirmed the benefit in median OS. Patients with PD-L1 TPS ≥ 50% achieved a 

median OS of 16.9 (CI 95% = 12.3-21.4) months with pembrolizumab versus 8.2 (CI 95% = 6.4-9.8) 

months with docetaxel (HR = 0.53; 95% CI = 0.42-0.66; P < .00001); patients with TPS ≥ 1% also 

had a significant benefit (HR = 0.53; 95% CI = 0.42-0.66; P < .00001) [23, 113]. The median PFS 

was significantly higher for pembrolizumab compared to docetaxel in the patient population with PD-

L1 ≥ 50%, but in the general population the pre-specified threshold of statistical significance was not 

reached. Grade 3-5 AEs were more frequent in the docetaxel arm (35%) than in the two 

pembrolizumab arms (2 mg/kg: 13%; 10 mg/kg: 16%), and the toxicity profile was consistent with 

that expected: the most frequent immune-related events with pembrolizumab were hypothyroidism 

hyperthyroidism and pneumonia, mostly grade 1-2.3 

The OAK study, is an open-label randomised phase 3 trial, multicentre, conducted on 1225 patients 

with NSCLC, stage IIIB or IV, previously treated with one or two lines of chemotherapy (including 

one or more platinum derivative-based therapies, and therapy with tyrosine kinase inhibitor for 

patients with EGFR mutation or ALK rearrangement) and with a performance status of 0-1 [93]. 

The median OS was significantly higher for atezolizumab compared to docetaxel, both in the ITT 

population (13.8 versus 9.6 months; HR 0.73, 95% CI 0.62-0.87, P = 0.0003), in the PD-L1 positive 

population (5.7 versus 10.3 months; HR 0.74, CI 95% 0.58-0.93; P = 0.0102), in patients with no 

expression of PD-L1 on tumour cells and inflammatory infiltrate cells (TC0 and IC0; 12.6 versus 8.9 

months; HR 0.75, CI 95% 0.59-0.96, P = 0.0215). In patients with high PD-L1 expression (≥ 50% of 

tumour cells, TC3, or ≥ 10% of inflammatory infiltrate cells, IC3) the benefit is also more relevant 

(20.5 versus 8.9 months; HR 0.41, CI 95% 0.27-0.64, P< 0.0001). The benefit in OS in atezolizumab 

arm was consistent in all predefined subgroups including patients with squamous (HR 0.73, CI 95% 

0.54-0.98) and non-squamous (n = 628; HR 0.73, CI 95% 0.60-0.89) disease, the non-smoking 

patients (HR 0.71, CI 95% 0.47-1.08) and patients with brain metastases (HR 0.54, CI 95% 0.31-

0.94), with the exception of patients with EGFR mutation (HR 1.24, CI 95% 0.71-2.18). No 

significant difference was observed between the two arms in terms of PFS, with the exception of the 

subgroup of patients with high PD-L1 expression (TC3 or IC3), where there was an advantage for 

atezolizumab (HR for PFS 0.63, CI 95% 0.43-0.91).  Even at a follow-up of 26 months the survival 

benefit was maintained in all subgroups [114].  

Atezolizumab was better tolerated than docetaxel, with a lower incidence of grade 3- 4 related to 

treatment (15% versus 43%). In the atezolizumab arm the most frequently reported AEs of any grade 
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were fatigue (14%), nausea (9%), reduced appetite (9%) and asthenia (8%). Immune-related AEs 

included pneumonia (1% of any grade, <1% ofgrade 3), hepatitis (<1%) and colitis (<1%).  

On the basis of these data, in Italy nivolumab is approved for the treatment of advanced NSCLC after 

prior chemotherapy, regardless of the expression of expression of PD-L1; pembrolizumab is approved 

for the treatment of advanced NSCLC with PD-L1 expression ≥ 1% after at least one prior 

chemotherapy (or after molecular targeted therapy in case of patients positive for EGFR or ALK); 

atezolizumab is approved for the treatment of advanced NSCLC after previous chemotherapy, 

regardless of PD-L1 expression (or after molecular targeted therapy in case of patients positive for 

EGFR or ALK). Overall, immunotherapy has a well-established favourable tolerability profile 

compared to standard chemotherapy in the second-line setting, where patient frailty is evident and 

maintenance of a good QoL of paramount importance. 

 

1.5 Immunotherapy in advanced/metastatic uveal melanoma: state of art 

In the adult population, the first tumour occurring in the eye in terms of incidence is melanoma (70% 

of cases), followed by retinoblastoma (13% of cases). UM differs from cutaneous melanoma in 

histopathological features, genetic alterations, growth pattern and therapeutic strategy [115]. 

Choroidal or uveal melanoma has an incidence of approximately 0.7 per 100,000 person-years among 

female subjects and 0.5 among males, with a lower incidence among black and Hispanic subjects 

[116]. Generally, UM has a peak incidence between the ages of 55 and 65, while it is relatively rare 

before the age of 20 and after 75. UM arises from melanocytes of the iris, ciliary body or choroid. 

Approximately 90% of UM arise in the choroid. Even in UM, although considered a different clinical 

and biological entity from cutaneous melanoma, immunotherapy has become an important first line 

option [117]. To date, no data are available from controlled clinical trials regarding immunotherapy 

in UM, which in clinical practice is commonly treated in a similar fashion as cutaneous melanoma.  

Recently, a single arm phase II trial evaluated the combination nivolumab-ipilimumab in 35 pre-

treated metastatic UM patients. The ORR was 18%, median PFS was 5.5 months and OS 19.1 months, 

demonstrating a promising activity. Grade 3-4 treatment related adverse events occurred in 40% of 

patients [24]. 

A retrospective study evaluated 56 patients with metastatic UM treated with anti PD-1 

(pembrolizumab or nivolumab) or anti PD-L1 (atezolizumab) according to different treatment 

schedules. The RR was 3.6%, stable disease for more than 6 months was recorded in 8.9%; the median 

PFS was 2.6 months (95%CI 2.4-2.8 months), the median of OS was 7.7 months (95% CI 0.7-14.6 

months). Grade 3 AEs were reported in 12.5% of the patients. Treatment was well tolerated and 

discontinuation occurred only in one patient for grade 3 arthralgia.  PD-1 or PD-L1 antibody therapy 
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was well tolerated. No AEs (AEs) were reported in 22 patients (37.9%). Grade 3 AEs included nausea, 

vomiting, hyperbilirubinuaemia, fatigue, colitis, arthralgia and lymphopenia, whereas no grade 4 or 

5 AEs occurred.  The most common AEs of any grade were fatigue (19.6%), pruritus (12.5%), rash 

(10.7%), nausea (10.7%), hypothyroidism (7.1%) and diarrhoea (8.9%) [118]. A small prospective 

study, published in 2016, evaluated 10 patients with advanced UM, progressing after ipilimumab. 

These patients were treated with pembrolizumab. The aim of the study was to evaluate the activity, 

efficacy and safety of the treatment. The ORR was 33%, median PFS was 18 weeks (range 3.14-

49.3). The overall tolerability of the treatment was good and the toxicity profile was low/intermediate 

(G1/2). However, the main limitation of this study is the small sample size [119]. Maio et al in 2013 

retrospectively evaluated the subgroup of patients with advanced UM treated within the Italian 

Expandend Access Program (EAP) with ipilimumab (3 mg/Kg q21 for 4 doses). A total of 83 patients 

with advanced UM, 72% of whom received the 4 planned doses. Of the 82 evaluable for response 

there were 4 partial responses and 24 patients reported a stable disease, for a RR of 5% and a disease 

control rate (DCR) of 34%. The median PFS and OS was 3.6 months. (95% CI 2.8-4.4) and 6.0 

months (95% CI 4.3-7.7). The proportion of patients alive at 1 year was 31%. Of the treated patients, 

57% reported an AE of any grade, while in 42% of the patients the AEs were treatment-related. The 

10% (8 patients) of patients reported a grade 3 or 4 AE, but only in 5 patients were considered 

treatment-related (6%). Treatment-related skin AEs of any grade (itching and rash) were the most 

frequent, while the most frequent grade 3 or 4 AEs considered to be related to ipilimumab were liver 

toxicity and diarrhoea. AEs were generally manageable and reversible with a median time to 

resolution of 2.1 weeks [120]. The main limitation of the study is the post-hoc nature of the analysis 

within the EAP; however, the data reported likely reflect a real-world case series of patients. 

A retrospective multicentre analysis conducted in 25 French centres evaluated 100 patients with UM 

who received immunotherapy (of which 63 with ipilimumab and 37 with anti PD1; 52 of these 

patients received first-line treatment). The 1-year OS was 52.5% (95% CI 40.1-63.0%) in patients 

treated with immunotherapy; there was a DCR of 32% (95% CI 23-42.1%). Unfortunately, the study 

provides little safety data. There were 26 serious AEs in 20 patients treated with anti-CTLA-4 and 18 

serious AEs in 14 patients treated with anti-PD1, and one patient died of ulcerative colitis [121]. 

These studies, despite the small number of cases due to the rarity of the disease, highlight the possible 

efficacy of immunotherapy in UM, with generally good tolerance to treatment. Considering that most 

of these studies have been conducted including a real-word population with often pre-treated patients, 

the safety profile of immunotherapy is favourable even in this rare tumour type with a poor prognosis. 

Nevertheless, the results in terms of treatment activity and efficacy were inferior to those obtained in 

cutaneous melanoma. There are no data comparing immunotherapy with chemotherapy (e.g. 
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photemustine), which could represent an additional treatment option, even if burdened by a high rate 

of haematological AEs. Further prospective studies are needed to better define the efficacy and safety 

in this particular disease. 

These recent data have shown that the small proportion of patients who respond achieves significant 

disease control. The early identification of patients who will develop AEs, even if low/intermediate 

grade, would facilitate their clinical management given their poor prognosis and frequent clinical 

frailty. Therefore, it is crucial to identify predictive factors of response and development of toxicity.  

 

1.6 Resistance mechanism to immunotherapy 

Despite the promising results, a large proportion of patients will either never respond to 

immunotherapy treatment or respond only briefly, resulting in a loss of control over the disease.  

We can therefore distinguish different resistance mechanisms [122]. A first classification consists of: 

-Primary resistance: a clinical scenario in which a tumour will never respond to immunotherapy. 

-Adaptive immune resistance: a resistance mechanism in which tumour cells are recognised by the 

immune system but manage to protect themselves by 'adapting' to the immune attack. It may present 

itself clinically as primary or acquired resistance. 

-Acquired resistance: a clinical scenario in which a tumour initially responds to immunotherapy, but 

then develops resistance resulting in disease progression. It can occur as a result of adaptive resistance 

mechanisms. 

The primary reason for resistance to immunotherapy is the absence of tumour antigens capable of 

activating T lymphocytes [123]. Alternatively, tumour cells can develop mechanisms to avoid their 

presentation with MHC. Intrinsic factors of tumour cells contributing to resistance include 

intracellular signalling pathways able to impair the infiltration or function of immune cells within the 

tumour microenvironment. Recently, multiple mechanisms of intrinsic resistance have been 

identified: 1) enhancement of the MAPK pathway and/or loss of PTEN expression, which enhances 

the PI3K signalling pathway; 2) the WNT/β-catenin signalling pathway; 3) loss of the interferon-

gamma (IFNγ) signalling pathway; and 4) lack of response by T cells due to loss of tumour antigen 

expression. Activation of the MAPK pathway results in the production of VEGF and IL-8, which 

have known inhibitory effects on T-cell recruitment and function [124]. Similarly, loss of PTEN 

enhances the PI3K signalling pathway, which is associated with resistance to checkpoint inhibitor 

therapy [125]. Furthermore, loss of PTEN correlates with a significant reduction in IFNγ, granzyme 

B and CD8+ T cell expression.  
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Furthermore, in a mouse model [126], tumours with elevated β-catenin lacked DCs due to reduced 

expression of CCL4, a chemokine capable of attracting CD103+ DCs. IFNγ produced by tumour-

specific T cells is able to induce an effective anti-tumour immune response through: 1) stimulation 

of tumour antigen presentation by increased expression of MHC molecules; 2) recruitment of other 

immune cells; and 3) direct anti-proliferative and pro-apoptotic effects on tumour cells.  However, 

continuous exposure to IFNγ can lead to immunoediting in tumour cells [127, 128] causing 

downregulation or mutation of molecules involved in some important intracellular signalling 

pathways. 

The extrinsic mechanisms involved in primary and/or adaptive resistance involve different cellular 

components present in the tumour microenvironment, including: Tregs, MDSCs, M2 macrophages 

and other inhibitory immune checkpoints, which may contribute to the inhibition of anti-tumour 

immune responses. 

Regulatory T cells (Tregs), identified by the expression of the transcription factor FoxP3, play a 

central role in maintaining immune tolerance to the self [129].  FOXP3+ Treg cells play a critical role 

in the establishment and maintenance of an immunosuppressive tumour microenvironment through 

several mechanisms. Treg cells express inhibitory immune receptors and ligands such as CTLA-4, 

PD-1 and PD-L1, TIM-3, LAG-3 and TIGIT, promoting immune evasion mechanisms [129-131]. 

Through these co-inhibitory receptor molecules, Treg thus inhibit the maturation and function of 

APCs. Conversely, LAG3 expressed by Treg cells can inhibit MHC II expression in DCs [132]. 

Furthermore, Treg cells can express the CD25 subunit of the high-affinity IL-2 receptor, which can 

bind IL-2 in the tumour microenvironment, inhibiting cytokine activity essential for effector cell 

survival [133]. Treg FOXP3+ cells can also secrete anti-inflammatory factors (TGF-β, IL-10 and IL-

35), perforins and granzymes to inhibit or kill T cells, NK cells and antigen-presenting cells. Multiple 

immunosuppressive cytokines, IL-10, IL-35 and TGF-β inhibit APC and Teff cell function [134].  

 In turn, TGF-β, IL-10 and vascular endothelial growth factor (VEGF) produced by tumour cells 

promote the expansion of Treg cells in tumor microenvironment [135]. 

 Recent studies indicate that many human tumours have an abundant infiltrate of Treg and decreasing 

Treg cells in the tumour microenvironment can enhance or restore antitumour immunity [136, 137]. 

In mouse models, the response to anti-CTLA-4 therapy has been shown to be associated with an 

increased ratio of Teffector/Tregs [138]. These data suggest that tumours for which immunotherapy 

is unable to increase Teff and/or reduce Tregs are likely to be resistant to treatment. 

MDSCs are among the main regulators of immune responses in various pathological conditions 

including cancer. MDSCs were first defined in mouse models and have been implicated in the 

promotion of angiogenesis, invasion and metastatic potential of tumour cells [139]. Furthermore, the 
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presence of MDSCs correlates with reduced survival and reduced efficacy of immunotherapy in 

human cancers, including breast and colorectal cancer [140, 141]. Therefore, eradication or 

reprogramming of MDSCs could improve clinical responses to immunotherapy.  

TAMs are another subset of cells that appear to influence responses to immunotherapy. TAMs include 

both M1 macrophages, involved in promoting anti-tumour immunity, and M2 macrophages, with pro-

tumourigenic properties [142]. M1 and M2 macrophages can be distinguished on the basis of 

differential expression of transcription factors and surface molecules and disparities in cytokine 

secretion [143]. M1 macrophages are typically identified by the surface markers CD86 and CD64,  

chemokine ligand C-X-C 9, 10, 11 (CXCL9, 10, 11), and secretion of IL-6, IL-12, IL-1α  and TNF-

α [144]. M1 macrophages have a pro-inflammatory action, promoting antigen presentation and 

interleukin production by activating type I T-cell immune responses [145]. They stimulate the 

secretion of pro-inflammatory cytokines and nitric oxide (NO) and are induced by type 1 T-helper 

cytokines including IFN-γ, IL-1β and lipopolysaccharide (LPS) [144]. 

M2 macrophages typically express the surface markers CD206 and CD163 and express/secret 

transforming growth factor beta (TGF-β), chemokine ligands CC 14 and 22 (CCL14 and CCL22) 

[144]. M2 macrophages are typically anti-inflammatory in nature with low secretion of IL-12 and 

abundant secretion of IL-10, IL-4 and IL-13, factors that result in poor antigen-presenting activity 

and immunosuppressive effects [144]. These cells are T-helper type 2 activators and TH1 inhibitors 

resulting in a strong anti-inflammatory activity [146].   

Macrophage polarisation is a dynamic phenomenon. Indeed, M2-type macrophages can switch to an 

M1 phenotype, or vice versa, depending on changes in the tumour microenvironment, secretion of 

cytokines and growth factors, inflammation, hypoxia and other conditions [144].  

 Clinical studies have shown an association between higher TAM frequencies and poor prognosis in 

human tumours [143]. In a chemically induced mouse model of lung adenocarcinoma, depletion of 

TAMs reduced tumour growth due to down-regulation of M2 / TAM recruitment, probably due to 

inactivation of CCL2 / CCR2 signalling [147]. Several studies suggest that macrophages can directly 

suppress T-cell responses via PD-L1 [148]. The immune response is dynamic and signals that activate 

anti-tumour immune responses also tend to trigger inhibitory pathways in order to limit the magnitude 

of the immune response. For example, initial T-cell activation leads to increased expression of the 

inhibitory immune checkpoint CTLA-4. Similarly, IFNγ production leads to increased expression of 

the PD-L1 protein on multiple cell types, tumour, T-cells and macrophages, resulting in suppression 

of anti-tumour immunity [149, 150]. In addition, IFNγ may also promote the expression of 

immunosuppressive enzymes such IDO, a tryptophan metabolising enzyme that may contribute to 

peripheral tolerance and may have a direct negative effect on effector T-cell function [151]. Among 
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the processes favouring the escape of tumour cells from the immune control, tumor microenvironment 

associated soluble factors and/or surface-bound molecules are mostly responsible for dysfunctional 

activity of the immune system [13]. 

 

1.7 Soluble immune Profile 

In recent years, research focused on sampling sICs, circulating molecules of adhesion, as well as 

cytokines and chemokines, Table 1 [152, 153]. These circulating molecules could contribute to the 

understanding of patient immune status in order to identify biomarkers useful to select who could 

benefit most from immunotherapy, since, according to recent literature, the soluble isoforms of 

immune checkpoint receptors are involved in immune regulation and thus potentially associated with 

clinical outcomes [154, 155]. The origin of soluble receptors has yet to be fully elucidated. These 

circulating soluble factors could result from proteolytic cleavage of membrane-bound molecules, or 

from alternative splicing of mRNA. Alternatively, they could be released by exosomes or 

microvesicles [156, 157]. These soluble factors could hinder the efficacy of ICI antibodies by acting 

as a drug decoy. The soluble form of PD-L1 can inhibit the activation of infiltrating or circulating T-

cells by acting directly on the membrane receptor and activating the PD-1/PDL1 pathway [157, 158]. 

Soluble CD-137 inhibits T-cell activation, blocking the interaction between T-cells and antigen-

presenting cells (APCs) and hindering the function of the membrane counterpart [152, 159]. Recent 

results suggest that the concentration of these sICs is lower in patients benefitting from 

immunotherapy, with a potential role in predicting time to treatment failure [152, 153, 155].  In 

melanoma patients, instead, high serum levels of several sICs were associated with resistance to 

immunotherapy [160]. In a recent work in a patient population with different types of solid tumours, 

low levels of certain circulating immune checkpoints were associated with better outcomes in terms 

of PFS and OS. Furthermore, in the same work, cluster analysis identified a group of patients with a 

worse prognosis who tended to have elevated levels of circulating cytokines and chemokines [153]. 

Indeed, circulating cytokines and chemokines may also have a fundamental impact on the clinical 

outcome of immunotherapy both in terms of survival and toxicity occurrence. Recently, the 

upregulation of many cytokines in melanoma patients was associated with the development of high-

grade AEs during immunotherapy treatment [161]. Indeed, some circulating molecules have been 

studied in the literature as being involved in the development of immune related AEs (irAEs) and 

thus as potential biomarkers.  A subset of cytokines (GM-CSF, IFN-α2, IL-12p70, IL-1α, IL-1β, IL-

1RA, IL-2 and IL-13) is differentially expressed in the plasma of patients who develop severe irAEs, 

both before and during ICI treatment, representing a potential therapeutic targets for reducing ICI-
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induced irAEs [162-165]. Indeed, the potential of some cytokine inhibitor drugs is already known: 

infliximab, adalimumab, etanercept (targeting TNF-α), tocilizumab (targeting IL-6) and secukinumab 

(targeting IL-17A). These agents are indicated for the treatment of severe irAE refractory to 

corticosteroid treatment [166-168]. TNF-α plays a key role in numerous systemic inflammatory 

diseases and anti-TNF-α drugs are effective in treating inflammation associated with several 

autoimmune diseases [169, 170].  The monoclonal anti-TNF-α antibody reduced the risk of hepatitis 

and colitis induced by dual checkpoint inhibition [171]. Moreover, etanercept and infliximab have 

been used in the clinic to treat severe irAE [172]. Recently, a study in NSCLC patients undergoing 

ICI, showed that a low IFN-γ level at baseline and a decrease in IFN-γ level after ICI treatment were 

associated with disease progression and immunotherapy-induced pneumonitis [173].  

IL-6 signalling plays a key role in carcinogenesis and in the inhibition of antitumour immunity [174]. 

In addition, increased IL-6 is detected during inflammatory reactions. Therefore, the association of 

IL-6 with irAEs has been extensively studied. Two studies reported increased IL-6 levels associated 

with psoriasiform dermatitis in patients with melanoma in treatment with nivolumab [175, 176]. 

Moreover, in melanoma patients treated with nivolumab an increased IL-6 level was associated with 

a higher incidence of psoriasis [177]. In NSCLC patients treated with PD-1 inhibitors, in the group 

with an increased IL-6 level, AE rate was 43% compared to 0% in the group with a normal IL-6 level 

[178]. Thus, the increased IL-6 level after ICI treatment was an effective biomarker for irAE, while 

a low basal level of IL-6 can be used as a predictor of irAEs, but the cut-off of this level needs to be 

defined by further clinical studies.   

Similarly, also some sICs appear to be potentially associated with irAE development in cancer 

patients. High levels of sCTLA4 in melanoma patients, at baseline, resulted in an increased risk of 

irAE [179], [Table 1].  

To date, available data suggest that soluble molecules play a central role both in determining response 

to immunotherapy and in the occurrence of irAEs. Understanding the patient immune status may 

allow the identification of those who will have the worst clinical outcomes requiring alternative and 

targeted therapeutic strategies.  

Table 1. Soluble immune molecules: characteristics, function and possible role in autoimmunity and irAE 

development.   

Soluble 

molecules 

Clas

s of 

mole

cules 

Cell source Ligands Main function Type of action 
Possible role  

in autoimmunity 

sCD137 sIC PBMCs CD137L 
Inhibits CD137/CD137L binding 

 
Inhibitory 

-Possible involvement in T cell-

mediated autoimmune disease 

-correlates with severty of reumatoid 

arthritis 
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-high level in many autoimmune 

disease 

sPD1 sIC PBMCs PDL1/PDL2 Blocks PD1/PDL1 interactions Activatory 

- levels correlate with autoimmune 

hepatitis , inflammatory bowel 

disease and pemphigus vulgaris 

sPDL1 sIC Mature DCs PD1 
Binds PD1 and inhibits T cells 

response 
Inhibitory 

Detected in chronic inflammatory 

and autoimmune disorders 

sPDL2 sIC 

Tumor 

exosomes, 

alternatively 

activated 

macrophages 

PD1 Unknown Unknown 

-Unknown 

-associated with grade 3–4 irAEs in 

NSCLC 

sCTLA-

4* 
sIC 

Monocyte, 

immature DCs, 

regulatory T 

cells 

 

CD80/CD86 Inhibits T cell responses Inhibitory 

-elevated serum levels in 

autoimmune disease 

-higher risk of irAEs in melanoma 

patients treated with ipilimumab 

sTIM3 sIC 
Activated 

lympocytes 
Tim3-L Unknown Unknown 

possible correlation with ANCA 

related vasculitis, rheumatoid 

arthritis, systemic lupus 

erythematosus, autoimmune hepatitis 

sLAG3 sIC 

Activated and 

exhausted 

CD4+ , CD8+  T 

cells, 

regulatory T 

cells 

Unknown Unknown Unknown 
Unknown, increased level in 

rheumatoid arthritis 

sGITR* sIC 

Macrophages 

and regulatory 

T cells 

GITRL Unknown Unknown 

- possible role in myasthenia gravis,  

sjogren syndrome, autoimmune 

thyroid disorders 

sCD27 sIC 
Activated 

lymphocytes 
CD70 Unknown Unknown 

immune activation in autoimmune 

disease and chronic infectious 

disease, systemic lupus 

erythematosus, thyroid disorders, 

systemic sclerosis,  

sCD28 sIC T cells CD80/CD86 
Inhibits T cells activity and 

counteracts anti-PD1 activity 
Inhibitory 

-possible correlation with ANCA 

related vasculitis and with many 

autoimmune disease 

sBTLA sIC 

T cells, B cells, 

dendritic cells 

and myeloid 

cell 

HVEM Unknown Unknown Unknown 

sHVEM sIC 

T cells, B cells, 

natural killer 

cells, 

monocytes, 

neutrophils and 

dendritic cells 

 

- Unknown Unknown 
  Elevated levels in sera of patients 

with autoimmune disease 

sCD80* sIC 

Unstimulated 

monocytes and 

B cells 

CTLA4/ 

CD28 
Unknown Unknown 

-circulating levels associated with 

autoimmune disease 
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sICAM-

1* 

Mole

coles 

of 

adhe

sion 

B and T 

lymphocytes 

Endothelial 

cells 

LFA-1 
binding the transmembrane receptor, 

antagonises leukocyte recruitment 
Inhibitory 

Unknown, but sICAM circulates at 

increased concentrations in serum 

and cerebrospinal fluid of patients 

with active Multiple Sclerosis 

-predict of allograft rejection 

sE-

selectin* 

Mole

cules 

of 

adhe

sion 

Endhotelial 

cells 

Carbohydrate 

ligands on 

tumor cells, 

sialyl Lewis-

X 

-Enhance angiogenis 

-Upregulation of ICAM-1 on tumor 

cells 

unknown 
-high level in sepsis, autoimmune 

disease, and inflammatory disease 

sP-

selectin* 

Mole

cules 

of 

adhe

sion 

Endhotelial 

cells 

PSGL-1, 

sialyl Lewis-

X 

-leukocyte recruitment 

-metastatisation 

-masking of tumour cells by binding 

to platelets 

immune evasion 
-high level in sepsis, autoimmune 

disease, and inflammatory disease 

MCP1 

che

moki

ne 

macrophage 

monocytes 

CCR2 

CCR4 
-leucocyte recruitment 

proinflammator

y 

-mediate the recruitment of 

macrophages and T cells in the 

Lupus nephritis 

-involved in dysregulation of 

angiogenic homeostasis in systemic 

sclerosis 

MIP1 α 

MIP1 β 

che

moki

ne 

Macrophages 

Hematopoietic 

cells 

CCR1 

CCR5 

-granulocyte degranulation 

-production of pro-inflammatory 

cytokines 

-Promote cronic inflammation 

proinflammator

y 

-associated to inflammatory lung 

disease 

-associated to reumatoid artheritis 

and T cell mediated autoimmune 

disease 

IP10 

che

moki

ne 

Monocytes 

Endotelial cells 

Fibroblast 

CXCR3 Leucocytes recruitment 
proinflammator

y 

Involved in type 1 diabetes, Graves' 

disease and ophthalmopathy,  

systemic lupus erythematosus, 

mixed cryoglobulinemia, Sjogren 

syndrome, or systemic sclerosis 

INFα 
Cyto

kine 

DC 

Macrophages 

NK cells 

Macrophages 

Endothelial 

cells 

Fibroblasts 

INFαR1/2 

-NK activation 

-Cells B proliferation 

-Possible suppression of -Treg cells 

-Antiviral activity 

-Enhances MHC expression 

proinflammator

y 

immune-

activation 

-regulates autoimmune responses  

-priming monocytes and neutrophils 

in systemic lupus erithematosus 

INFϒ 
Cyto

kine 

Lymphocytes T 

(th1) CD8 and 

NK 

 

INFγR1/2 

-activation of macrophages 

-activation of Th1 responses 

-potential antigen presentation to T 

lymphocytes 

-induces apoptosis of tumour cells 

and reduces VEGF 

-increases expression of IDO 

immunoactivati

ng/ 

possible 

immunosuppres

sive activity) 

-associated with immunotherapy-

induced pneumonitis 

-associated with grade 3–4 irAEs in 

NSCLC 

TNFa 
Cyto

kine 

Macrophages 

NK 

T cells 

 

TNFR1 

TNFR2 

-pro-inflammatory activity 

-stimulates cell proliferation and 

survival 

-induction of apoptosis 

-implicated in resistance to antiPD1 

drugs 

Immune-

activation/ 

pro-

inflammatory 

inappropriate or excessive activation 

of TNF-α signaling is associated 

with chronic inflammation and 

autoimmune disease 

-central role in reumatoid and 

psoriasic arthritis, iflammatory 

bowel disease, uveitis 

IL1α 
Cyto

kine 

DC 

Macrophages 

Neutrophils 

IL1R1 

IL1R2 

-production of acute phase proteins 

-stimulates TNFa pathway 

Immune 

activation 

Pro-inflammatory marker in 

autoimmune disease 
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Endothelial 

cells 

fibroblast 

-implicated in fever, sepsis and 

inflammation 

Pro-

inflammatory 

IL1β 
Cyto

kine 

DC 

Macrophages 

Neutrophils 

Endothelial 

cells 

fibroblast 

IL1R1 

-production of acute phase protein 

-implicated in fever 

-induces differantiation of 

lymphocytes Th17 

Immune 

activation 

Pro-

inflammatory 

Pro-inflammatory marker in 

autoimmune disease like reumatoid 

artheritis 

IL4 
Cyto

kine 

T cells 

Mast cells 
IL4-Rα 

- activation of Th2 immune 

response 

- negative regulator of Th1 

and Th17 cell differentiation 

-  

Pro/anti 

inflammatory 

-Associated with high grade 3-4 

irAE in a study involving 

gastrointestinal cancer 

-role still unclear in autoimmunity 

Probably involved in inflammatory 

artheritis 

IL6 
Cyto

kine 

Macrophages 

Endothelial 

cells 

T cells 

IL6Rα 

-B lymphocyte proliferation and 

antibody response 

-production of prostaglandins and 

acute phase proteins 

-antagonises Treg 

anti-inflammatory action through 

inhibition of TNFa and induction of 

IL10 

Pro-

inflammary/anti

inflammatory 

- associated with autoimmune 

disease ad irAE 

-association with psoriasiform 

dermatitis 

IL8 

Che

moki

ne 

Macrophages 

Endothelial 

cells 

Platelets 

CXCR1 

CXCR2 

- chemotaxis 

-powers phagocytosis 

-ability to mediate infiltration of 

MDSCs into the tumour environment 

Immuneactivati

on/ 

Immune-

evasion 

involved in the onset and self-

sustaining nature of several 

autoimmune diseases 

IL10 
Cyto

kine 

Macrophages 

Treg cells 

B cells 

Mast cells Th2 

Tcells 

IL10Rα 

IL10Rβ 

-downregulation of Th1 cytokines 

-inhibits CD4 T cell activity 

-suppresses expression of 

costimulatory molecules 

-increases survival of B lymphocytes 

-blocks secretion of proinflammatory 

cytokines 

Antinflammator

y/ 

possible 

immunostimulat

ing anti-tumour 

activity 

 

Dysregulation of IL 10 producing 

lymphocites is involved in many 

kind of autoimmune disease 

IL12p70 
Cyto

kine 

Macrophages 

DC 

 

IL12Rb1 

IL12Rb2 

-activation of Th1 responses 

-powers CD8 and NK T-cell activity 

-Increases INFa production by T cells 

-suppresses Treg proliferation and 

angiogenesis 

Immune 

activation 

-involved in some autoimmune 

disorders,  

such as MS, rheumatoid arthritis, 

inflammatory bowel, and  

graft versus-host disease.  

-involved in allograft rejection by 

promoting Cytotoxic T cell 

activities and IFN-mediated delayed-

type hypersensitivity  

reactions 

IL13 
Cyto

kyne 

T CD4 Cells 

CD8 cells 

NK 

Eosinophils 

Mast cells 

IL13Rα1 

IL13Rα2 

-involved in Th2 immune responses 

-potential expression of adhesion 

molecules on endothelial cells 

-activation of magrophages and 

production of TGFb 

-downregulation of Th17-mediated 

inflammation 

Proinflammator

y/antinflammato

ry 

-Involved in inflammatory artheritis 

-role still unclear in autoimmunity 

IL17A* 
Cyto

kine 

Lymphocytes 

TCD4 Th17 
IL17Rα 

-induces IL6 and chemokines 

production 

- promotes recruitment of MDSCs 

into the tumour bed 

proinflammator

y 

-implicated in pathogenesis of 

autoimmune disease, ankylosing 

spondylitis 
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GMCSF* 
Cyto

kine 

lymphocytes, 

macrophages, 

fibroblasts, 

endothelial 

cells, 

chondrocytes, 

and tumor cells 

GM-CSF 

receptor 

- promoting differentiation od 

myeloid cells 

- differantiation of dendritic cells 

Immune-

activation 

myelopoiesis 

critical roles in the development of 

autoimmune Th17 driven diseases    

irAE immune related adverse events, DC dendritic cells, IL interleukin, IFN interferon, TNF tumor necrosis factor, MCP 
monocyte chemoattractant protein, MIP macrophage inflammatory protein, IP interferon induced protein, pd-l1 = 
programmed death ligand 1, CTLA-4 Cytotoxic T-Lymphocyte Antigen 4, TIM3 T-cell immunoglobulin domain and 
mucin domain 3, LAG3 lymphocyte Activating 3, GITR glucocorticoid-induced TNFR family related gene, BTLA B- 
and T-lymphocyte attenuator, HVEM Herpesvirus entry mediator, ICAM-1 Intercellular Adhesion Molecule 1, ANCA 
antineutrophil cytoplasmic antibody. 
* molecules probably involved in autoimmunity and irAE development in our study population.  

 

1.8 The immunosuppressive role of IDO 

Recently, IDO activity has been proposed as a possible mechanism of resistance to anti-PD-1 

treatment that creates an immunosuppressive microenvironment. IDO is a key enzyme catalysing the 

first step and rate-limiting kinurenine (kyn) pathway of tryptophan (trp) metabolism outside the liver, 

and converts the essential aminoacid into the main metabolite kynurenine. IDO has been shown to 

act as an immune checkpoint involved in peripheral immune tolerance as it is able to inhibit 

proliferating T-cells by causing trp depletion and sensitising T-cells to apoptosis [180, 181]. 

Furthermore, IDO promotes the differentiation of naïve T cells into Tregs with immunosuppressive 

properties through the production of kyn. Increased expression of IDO on both tumour cells and 

tumour-infiltrating immune cells, such as DCs, have been reported in a variety of malignancies, in 

which it is thought to mediate escape mechanisms from the immune system [180, 181]. In NSCLC, 

increased catabolism of trp, resulting in higher serum concentrations of kyn, has been linked to a 

more advanced stage at diagnosis, worse prognosis and lower likelihood of response to chemotherapy 

[182]. Furthermore, recent data showed that a higher kyn / trp ratio was associated with resistance to 

immunotherapy in advanced/metastatic NSCLC [181]. Interestingly, preclinical evidence suggests 

that increased IDO activity may be involved in checkpoint inhibition resistance. IDO represents one 

of the most relevant hallmarks of immunosuppression in cancer. Recently, a prospective study 

including different types of solid tumours showed that the serum kyn/trp ratio might have a prognostic 

and predictive value in patients treated with immunotherapy, possibly suggesting a primary 

mechanism of immune resistance in which IDO is implicated [183].   The availability in the near 

future of small molecules targeting IDO in combination with immunotherapy, will hopefully have a 

significant impact in clinical practice [183-187]. 
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1.9 Predictive Biomarker 

Despite the undisputed success of the use of immunotherapy in the treatment of solid tumours, only 

a portion of patients show long-term benefit, while the remaining shows rapid disease progression, 

indicative of innate or acquired resistance.  Moreover, a new group of patients called hyper-

progressors who have an accelerated rate of tumour growth and an average survival of only 3 months 

has also been described. The early detection of intrinsically resistant patients is an issue of crucial 

importance in clinical practice, as it could prevent immunotherapy failure and ensure personalised 

and safe treatment options for patients [183, 188, 189].  

For this reason, clinical research in recent years has focused on the identification and validation of 

molecular and genetic biomarkers predictive of resistance to ICI therapy.  

Microsatellite instability is a phenotypic and molecular marker of DNA Mismatch Repair (dMMR) 

deficiency. The functional defect in MMR causes an accumulation of genetic mutations during DNA 

replication, thereby increasing TMB and neo-antigenic burden, resulting in an enhanced endogenous 

immune response and correlated sensitivity to immunotherapy. Indeed, the FDA recently approved 

pembrolizumab in paediatric and adult solid tumours with MSI or mismatch repair deficiency, leading 

to the first approval based on the presence of a specific biomarker rather than organ-specific histology 

[190, 191]. 

Another biomarker is the tumor mutational burden (TMB), which is well known to reflect the load of 

neoantigens potentially recognised by the immune system. Goodman et al reviewed the patients charts 

with TMB evaluated by NGS-based technology, analysing those treated with immunotherapy [192]. 

The response rate to anti-PD-1/anti-PD-L1 therapy was 58% and 20% for TMB-high (TMB-H) and 

TMB-low patients, respectively. In the pivotal KEYNOTE-158 study, the ORR was 29% in TMB-H 

tumors compared with 6% in non-TMB-H tumors [193].  Based on these results, in 2020 the FDA 

approved pembrolizumab for patients with advanced/metastatic solid tumors and high TMB (> 10 

mut /mb), in progression after prior treatment and without valid alternative treatment options.  

To date, no other reliable predictive factors have been identified in solid tumours, although some 

clinical parameters seem to have a negative predictive value, such as a high tumour burden, poor 

performance status, rapidly progressive disease or the presence of brain metastases.  

However, these factors are not directely representative of the patient's immune response and ongoing 

immunological mechanisms.  

Until now, the most widely studied biomarker has been PD-L1, which is expressed on both tumour 

cells and infiltrated inflammatory cells. However, the determination of PD-L1 has several limitations: 

firstly, PD-L1 is an extremely dynamic marker, secondly, there are different antibodies, assays and 
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cut-offs for its determination, and finally, biopsies may not be representative of the entire tumour 

immune status [194].  

Despite its controversial role, several studies have demonstrated an association between high PD-L1 

expression levels on tumour cells and a greater chance of response to anti-PD-1/PD-L1 treatment, 

such as in the case of nivolumab, pembrolizumab, atezolizumab and durvalumab. However, there is 

no homogeneity in the choice of PDL1 determination methods in different studies.  

Preclinical studies performed in different types of solid tumours, such as melanoma and lung, have 

shown an association between the expression of certain molecules such as TIM-3 (T-cell 

immunoglobulin and mucin domain-containing protein 3), LAG-3 (lymphocyte-activating gene 3) 

and TIGIT (T-cell immunoreceptor with Ig and ITIM domains) and the impairment of the T-

lymphocyte-mediated immune response followed by resistance to anti-PD-1/PD-L1 therapies [8, 195-

197].  

In a recent study, HNSCC expressing abundant TIM-3 and LAG-3 levels were among the non-

responders to anti-PD-1 therapy [9]. 

Furthermore, analysis of HNSCC patients continuing nivolumab beyond progression in CheckMate-

141 showed that patients with low circulating levels of CD8- and Treg PD1-positive T cells were 

those who benefited most from continued anti-PD1 therapy [198].  

The use of TIM-3 and LAG3 inhibitor molecules, especially in combination with anti-PD-1/PD-L1 

agents, has a strong clinical rationale. Recently, a phase 2/3 study evaluated the combination of 

nivolumab and renlatinib (an anti LAG3 agent) in previously untreated melanoma, showing a benefit 

in PFS compared to monotherapy with nivolumab (10.1 vs. 4.6 months, respectively), with an 

accettable toxicity profile, less heavy compared to the association with anti CTLA4 [199]. In the 

future, personalised therapeutic strategies through the integrated evaluation of new prognostic and 

predictive biomarkers will be of crucial importance.    

Another area of research is the influence of the microbiota and microbiome in the response to 

immunotherapy. The microbiota is a community of microorganisms that colonise from birth different 

areas of the human body predominantly the intestinal, oral and nasal mucosa, vaginal tract, etc. It is 

a dynamic population of over a trillion microbes that includes bacteria belonging to different families, 

viruses and fungi that interact with each other, the habitat and the local environment. The microbiome 

is the incredible number of genes that can be extrapolated from this complex community of cells 100 

times larger than the entire genome. The microbiota is closely associated with immunity and the 

development of a healthy immune system, so it is not surprising that the outcome of 

immunotherapeutic strategies in cancer patients may depend on the gut microbiome. The possibility 

that the response to ICIs, in particular anti-CTLA-4, could be associated with the composition of the 
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microbiome was first suggested by Zitvogel's group in 2015 in melanoma. Other groups have also 

confirmed and extended this knowledge by means of experimental models. Very recently, the 

observation has been extended to epithelial tumours. Indeed, it was shown in a court of 60 NSCLC 

patients and 40 RCC patients that an overrepresentation of Firmicutes Akkermansia muciniphila in 

the faecal microbiota was associated with increased PFS and response to immunotherapy [200]. In 

addition, antibiotics could impair the efficacy of PD-1 blockade. The results were further confirmed 

using the 'avatar mouse' model in which mice were recolonised by transplantation of faecal 

microbiota from non-responder and responder ICI-treated patients. The restored immunity and 

antitumour activity of ICI could only be achieved by transplanting faecal samples from responder 

patients. The immunological mechanisms underlying these findings are still being fully elucidated 

[155, 200]. 

 

 

1.10 Immune related Toxicities 

ICIs have a peculiar immune-related toxicity profile due to their mechanism of action, which makes 

them better tolerated than chemotherapy and target therapy [201, 202]. irAEs may potentially affect 

any organ or body system as they are due to the action of immune-system cells against healthy tissues, 

interfering with self-tolerance mechanisms [203]. The most common IrAE involve the skin, endocrine 

glands, gastrointestinal system and liver, while cardiovascular, pulmonary, musculoskeletal, ocular 

and central nervous systems are less frequently affected [204, 205]. Compared to chemotherapy, 

irAEs are usually mild to moderate in severity, reversible and can be treated promptly with 

appropriate immunosuppressive agents, whereas severe and fatal irAEs are rare. Nevertheless, some 

of them may be associated with life-threatening declines in organ function and in QoL, temporary or 

permanent discontinuation of immunotherapy and, due to early onset and fulminant progression, 

some of them can be permanent or fatal [206, 207]. Therefore, physicians are faced with an urgent 

need to study and identify predictive biomarkers of immunotherapy-related toxicities, which, to date, 

have been poorly investigated.   

The presence of sarcopenia at baseline or low muscle attenuation (qualitative muscle reduction) may 

be considered as patient-related predictive factors of irAE, as they are associated with an increased 

risk of developing severe treatment-related toxicities [208, 209]. There are no certain explanations as 

to why some individuals have a greater tendency to develop irAE than others. Probably some 

individuals have a greater predisposition to autoimmunity. Indeed, patients with pre-existing 

autoimmune diseases have a higher risk of irAE. Genomic profile and microbiota composition may 
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also play an important role in the risk of irAE [210], although these mechanisms should be further 

investigated. Moreover, the concomitant use of drugs such as antiarrhythmics, antibiotics, 

anticonvulsants or antipsychotics may play an important role in the development of severe irAE [211-

215]. Furthermore, specific irAEs seem to be related to a particular type of cancer. For instance, 

patients with NSCLC tend to develop irAEs earlier, with a higher incidence of interstitial pneumonia 

than those with melanoma [216, 217]. As previously stated, several ICs and cytokines/chemokines 

have been associated with an increased risk of developing irAE. Therefore, the identification of a 

peculiar soluble immune profile could become a reliable predictor, especially when assessed in 

conjunction with other clinical features, in identifying patients most likely to develop irAE.  In our 

previous work, involving 79 solid tumour patients treated with anti-PD1 drugs, a network analysis of 

soluble immune molecules was performed, resulting in the identification of a specific pattern of 

characteristic immune dysregulation in patients who developed cumulative toxicity (more than one 

irAEs of any grade) [179]. Randomised clinical trials evaluating new systemic agents tend to limit 

reporting to serious (G3-4) toxicities only, not taking into account lower-grade toxicities as well 

[218].  However, these toxicities, often of long duration, can have an important impact on the patient's 

QoL. In a recent study, it was shown that a substantial number of patients were unwilling to undergo 

treatment due to expected grade 1 and 2 side effects [219]. Considering that most of the irAE are 

mild/moderate, the simultaneous presence of multiple mild toxicities can have a major impact on the 

patient's QoL deserving of proper attention and management by the clinician as well as high grade 

AEs. 

 

 

 

 

 

 

 

 

 

 

2. Study Endpoint 

3.  
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In this study a large spectrum of circulating molecules including cytokines, chemokines, sICs, 

molecules of adhesion as well as IDO were evaluated in serum of cancer patients before starting anti-

PD1 treatment.  

The purpose was to define the immune profile of both responder and non-responder patients to 

immunotherapy and to evaluate any peculiarities compared to patients who develop or not toxicity 

during treatment. An efficacy network analysis will be performed in order to assess the connectivity 

of molecules in responder and non-responder patients and identify any common interactions based 

on outcomes and the develop of irAEs. 

A predictive biomarker profile of response and of irAE development represents an urgent unmet need 

to better treat patients by preventing ineffective treatments that could compromise QoL by causing 

failure of response to therapy and/or life-threatening irAE.  

The aim of the study is to identify whether there is a peculiar connectivity for each of these 4 clinical 

situations: responder patients who develop toxicity, responder patients who do not develop toxicity, 

non-responder patients who develop toxicity, non-responder patients who do not develop toxicity. 

Predicting the occurrence of each of these 4 clinical situations would give to the oncologist the 

opportunity to modulate and personalise the therapeutic strategy based on the immune characteristics 

of each individual patient (Figure 1). 

4.  

 

 
Figure 1.  Study endpoints. 
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5. Methods and Materials 

 

3.1 Patients enrollment and samples collection   

From April 2017 to May 2021 53 patients with NSCLC, UM, R/M-HNSCC and RCC, who received 

immunotherapy, with the anti PD-1 nivolumab or pembrolizumab, were enrolled in this prospective 

study.  ICI treatment was administered intravenously as first or second line setting, according to 

approved schedule, until disease progression or development of unacceptable toxicity.  Patient 

characteristics, including Eastern Cooperative Oncology Group (ECOG) Performance Status (PS), 

age, gender, histology and previous treatments, were recorded.  Patients were clinically staged with 

contrast enhanced computed tomography (CT) scan and, if clinically indicated, magnetic resonance 

imaging (MRI) and TC/PET at baseline (T0) and every 3 months. Patients aged 18 years or older with 

histologically confirmed advanced/metastatic solid tumours, fit for immunotherapy with adequate 

bone marrow, liver, and renal function, and ECOG PS≤2, were included in the study. All patients 

provided an informed consent to be included in the study and for blood samples to be collected. 

Patients who received anti-neoplastic immunotherapy for other previous or concomitant pathologies, 

with PS>2, with uncontrolled autoimmune or infectious diseases or not compliant with protocol 

requirements were excluded from the study. 

Patients blood samples were collected into BD Vacutainer Plus Plastic Serum tubes (Becton 

Dickinson, NJ, USA) and processed within 1 hour after blood sampling.  

Later, tubes were centrifuged at 1800 rpm for 10 minutes. Patients serum was collected and stored at 

-80°C until use. All samples were collected at T0, before starting anti-PD1 treatment.  

 

3.2 Outcomes 

Best tumor response was assessed using immune-related Response Evaluation Criteria in Solid 

Tumors (i-RECIST) and classified as complete response (CR), partial response (PR), stable disease 

(SD), and progressive disease (PD). 

PFS was defined as the time from the first administration of ICIs until the first progression or in-

treatment death. OS was defined as the time from patient registration, or treatment commencement, 

to death from any cause or last follow up available. Based on the response to immunotherapy, patients 

were classified as non-responders, if progression occurred at the first clinical-instrumental evaluation 
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after the start of immunotherapy, or responders, if the best response was stable disease (SD) or partial 

response (PR) for at least 4 months. Data were collected anonymously into a specific database. 

Protocol approval from Local Ethics Committee was obtained [CE 4421].  

 

3.3 Toxicities  

Patients were clinically evaluated with each administration of the drug. IrAEs were identified through 

the performance of blood chemist tests and clinical assessment.  AEs were recorded at day 1 of every 

cycle and classified according to the National Cancer Institute Common Terminology Criteria for 

AEs (version 4.0). IrAEs have been distinguished into low grade (G1) and high grade (G2-G3). 

Cumulative toxicity was defined as the presence of at least two irAEs of any grade [220]. 

For each patient, the treatment of irAEs was carried out through multidisciplinary discussion with 

endocrinologists, rheumatologists, nephrologists and dermatologists, as suggested [221, 222].  

 

3.4   Serological evaluation of immune-related molecules 

Serum, collected at baseline (T0), was assayed to detect the concentration of 12 cytokines, 5 

chemokines, 13 sICs, 3 adhesion molecules and IDO. 

Levels of soluble immune related molecules were dosed through a multiplex assay using the 

ProcartaPlex Human Inflammation Panel (20 Plex, catalog number EPX200-12185-901; sE-Selectin; 

GM-CSF; ICAM-1/CD54; IFN alpha; IFN gamma; IL-1 alpha; IL-1 beta; IL-4; IL-6; IL-8; IL-10; 

IL-12p70; IL-13; IL-17A/CTLA-8; IP-10/CXCL10; MCP-1/CCL2; MIP-1alpha/CCL3; MIP-1 

beta/CCL4; sP-Selectin; TNF alpha) (eBioscence, Vienna, Austria) and the Human Immuno-

Oncology Checkpoint 14-Plex ProcartaPlex Panel 1 (catalog number EPX14A-15803-901; BTLA; 

GITR; HVEM; IDO; LAG-3: 47; PD1; PD-L1; PD-L2; TIM-3; CD28; CD80; CD137; CD27; 

CD152) (eBioscence) according to manufacturer instruction. Samples were measured using Luminex 

200 platform (BioPlex, Bio-Rad) and data, expressed in pg/ml of protein, were analyzed using Bio-

Plex Manager Software.  

 

3.5 Statistical analysis 

A total of 34 molecules extracted from a cohort of 53 patients were analysed. Patients were stratified 

in four group, including 12 patients classified as responder to the therapy without cumulative toxicity, 

7 patients classified as responder to the therapy with cumulative toxicity, 23 patients as non-responder 
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patients to the therapy without cumulative toxicity, and 11 patients as non-responder to the therapy 

with cumulative toxicity. Data were first pre-processed by applying a logarithmic transformation. 

Then, experimental differences of the molecules expression levels from the four patient groups were 

tested for statistical significance both among all groups by using the Kruskal Wallis test and between 

each pair of groups via the Mann-Whitney test at T0 time (i.e., basal). P-value were adjusted for 

multiple comparisons by using FDR correction, an adjusted p-value of 0.05 or less was considered 

statistically significant. 

To analyze the correlation between the therapy response and the patient OS as well as PFS, for each 

patient group, the cumulative survival rates were computed according to the Kaplan-Meier (KM) 

method [223]. The survival outcomes of the four patient groups were compared by the log-rank test. 

A log-rank p-values equal or less than 0.05 was considered statistically significant: the lower the p-

value, the better the separation between the four prognosis groups. Finally, to test statistical difference 

of soluble molecules expression values also in term of survival, the cohort of 53 patients were divided 

into two different groups according to their survival values. In particular, we set the median value of 

the OS (i.e., corresponding to 11 months) and the PFS (i.e., corresponding to 4 months) as cut-off 

and we split the patients into one group of 27 and 34 subjects showing a value higher than the median 

OS and PFS, respectively, and another group composed of 26 and 19 patients showing a value lower 

than the median OS and PFS, respectively.  

3.6 Connenctivity analysis 

In order to investigate the relationships between the therapy response and the toxicity, we analyzed 

the differences in terms of the connectivity exerted by the soluble molecules in responder patients 

and non-responder patients with and without toxicity. In particular, four connectivity matrices were 

built by calculating the Spearman correlation coefficients (and the corresponding p-values) among 

each pair of molecules for each group of analyzed patients: one by considering responder patients 

with toxicity, one for responder patients without toxicity, one for non-responder patients with toxicity, 

and another one for non-responder patients without toxicity. Thus, the four matrices were rendered 

as four connectivity maps where correlation values increase from red to blue. P-values associated to 

each correlation values were adjusted for multiple comparison and an adjusted p-value of 0.05 or less 

were considered statistically significant. Then, four corresponding networks of connectivity were 

then constructed, wherein nodes represent molecules and a link occurs between them if the absolute 

value of Spearman correlation between their expression levels is greater than a selected threshold 

(i.e., the 80th percentile of the overall distribution corresponding to 0.7) and statistically significant 
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(adjusted p-value ≤ 0.05). All the connectivity networks along with their corresponding values of 

correlation and statistical p-values were detailed as lists in tables. 

6. Results 

 

4.1. Patients 

Fifthy-three metastatic patients treated with anti PD-1 agent were enrolled in this study: 18 patients 

with UM, 8 patients with RCC, 13 with HNSCC, and 14 with NSCLC. Baseline clinical–pathological 

characteristics of patients are summarized in Table 2. All 8 patients in the RCC group had clear cell 

carcinoma and all 13 HNSCCs had squamous histology. All patients with NSCLC were non-

oncogene addicted: 11 patients were squamous and 2 were adenocarcinoma. Thirty-three patients 

were male (63%), 20 patients were female (37%). The mean age was 71 years (50-89). All patients 

were treated with nivolumab and pembrolizumab: 18 patients in a first-line treated with 

pembroliumab, 35 patients in a second line setting, treated with nivolumab.   

 

Table 2. Baseline clinical and pathological characteristics 

CHARACTERISICS     PATIENTS (N)  (%)   

Age   

Median 

Range 

71 

50-89 

Gender   

Male 33  63% 

Female 20  37% 

Cancer type   

NSCLC 14  26.4% 

UM 18  34% 

R/M HNSCC 13   24.5% 

RCC 8   15.1% 

Previous treatment   

No treatment 18   34% 

Chemotherapy 27   51% 

Target therapy 8   15% 

Immunotherapy   

Nivolumab 35  66% 

Pembrolizumab 18  34% 

 

Line of ICI Treatment 
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4.2 Outcomes 

The outcomes of immunotherapy, in terms of best response, PFS and OS are shown in Table 3. Thirty-

four patients (64.1%) experienced progressive disease as the best response, while 15 patients (28.3%) 

stable disease and 4 patients (7.6%) partial response. Median OS was 11 months (2-68) in overall 

study population: 16 months (2-35) in UM, 27.5 months (6-68) in RCC, 7 months (2-50) in HNSCC, 

and 5.5 months (2-36) in NSCLC. Median PFS was 4 months (2-61) in overall study population: 4 

months (2-35) in UM, 12.5 months (2-61) in the RCC group, 4 months (2-38) in HNSCC, and 2 

months (2-34) in NSCLC. Thirteen patients (26.4%) of the total population were alive at the last 

follow-up visit. 

 

Table 3 Outcomes: best response, OS and PFS in the overall study population and in each tyoe 

of primary tumor.  

First Line 18   34% 

Second Line or more 35   66% 

PARAMETER PATIENTS (%) UM RCC HNSCC NSCLC 

BEST RESPONSE      
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4.3 Toxicities 

All grade toxicities occurred in 28 patients (52.8%). Twenty-five (47%) patients reported toxicity G1 

and 16 (30.2%) patients reported toxicity G2-G3. No immune related deaths as well as any 

unexpected toxicity was recorded. There was no discontinuation of treatment due to adverse events, 

as the G3 toxicities occurred in 2 patients concomitantly with disease progression.  

The most common toxicity was the non-specific symptom asthenia in 20 patients (37.7%). The other 

toxicities were: skin toxicity in 14 patients (26.4%), endocrine toxicity in 8 (15%), gastrointestinal in 

8 (15 %), arthritis/arthralgia in 4 (7.5%), mucositis in 3 (5.7%), neurological symptoms in 2 (3.8%%), 

haematologic toxicity in 2 patients (3.8%) and ophthalmic toxicity in 1 (1.9%). In addition, 18 (34 

%) patients developed more than one toxicity during therapy, reporting the presence of at least two 

irAEs (Table 4).   

 

Table 4 Patients reporting toxicities; type and grading.  

 

 

 

 

 

 

 

 

 

 

 

PROGRESSIVE DISEASE 34 (64.1) 12 2 10 10 

STABLE DISEASE 15 (28.3) 6 3 3 3 

PARTIAL RESPONSE 4 (7.6) - 3 . 1 

 

SURVIVAL 

 

MEDIAN (RANGE)     

OS 11 (2-68) 16 (2-35) 27.5 (6-68) 7 (2-50) 5.5 (2-36) 

PFS 4 (2-61) 4 (2-35) 12.5(2-61) 4 (2-38) 2 (2-34) 

CHARACTERISICS PATIENTS (N) (%) 

Any grade Toxicities  

 
28 52.8% 

Toxicity G1 25 47 % 

Toxicity G2-G3 16 30.2 % 

Cumulative Toxicities 18 34 % 

Asthenia 20   37.7 % 

Skin Toxicity 14   26.4 % 

Endocrine toxicity 8   15 % 

Gastro-intestinal 8   15 % 

Arthritis/arthralgia 4   7.5 % 

Mucositis 3   5.7 % 

Neurological symptoms    2   3.8 % 

Hematologic 2 3.8% 

Ophtalmic 1   1.9 %   
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4.4 Statistical analysis of circulating molecules in responder and non-responder patients with 

and without toxicity 

We performed an exploratory data analysis of the 34 molecules from 53 patients grouped by therapy 

response with or without cumulative toxicity. We analysed 4 clinical groups: 12 responder patients 

without cumulative toxicity (6 UM, 2 RCC, 2 HNSCC, 2 NSCLCL), 23 non-responder patients 

without cumulative toxicity (12 UM, 2 RCC, 1 HNSCC, 8 NSCLC), 11 non-responder patients with 

cumulative toxicity (9 HNSCC, 2 NSCLCL), 7 responder patients with cumulative toxicity (4 RCC, 

1 HNSCC, 2 NSCLCL). Even if we did not detect a clear separation in terms of overall molecule 

expression levels across to the four classes (Figure 2A), in the group of non-responders without 

toxicity, two subgroups with different concentrations of many molecules can be identified by looking 

at the heatmap (Figure 2A). One of these two subgroups is characterised by a high concentration of 

cytokines and chemokines, and all patients in it were NSCLC. 

We detected an overall statistically significant difference in the four groups for the cytokine IL17A 

and all the three adhesion molecules (i.e., s-ICAM-1, sP-selectin, sE-selectin) (Figure 2B). We also 

observed a statistically significant up-regulation of the cytokines IL17A and all the adhesion 

molecules in non-responder patients with toxicity with respect to the other ones (Figure 2B), 

regardless of primary tumor type. Furthermore, some immune-checkpoints, including sHEVM, 

sCTL4-1 and PDL1 showed statistical significance difference between non-responder patients with 

toxicity and non-responder without toxicity (Figure 3). CTLA4 was statistically significantly higher 

in non-responders with toxicity even compared to responders without toxicity, as well as sCD80 was 

significantly higher in non-responders with toxicity than both non-responders without toxicity and 

responders with toxicity (Figure 3).  

  



50 
 

 

 

 

Figure 2 Statistical analysis at T0. (A) Heatmap of molecules expression levels (logarithmic scale) at T0 across 53 patients grouped 

by therapy responder patients with toxicity (violet bars), therapy responder patients without toxicity (water blue bars), non-responder 
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patients with toxicity (blue bars), non-responder patients without toxicity (orange bars). A z-score normalization was applying and 

colors represent different expression levels that increase from blue to yellow. The distribution of primary tumours in each subgroup 

is indicated at the bottom of the heatmap. (B) Boxplot of molecules expression level (logarithmic scale) in 7 responder patients with 

toxicity (violet box), 12 responder patients without toxicity (water blue box), 11 non-responder patients with toxicity (blue box), and 

23 non-responder patients without toxicity (orange box) at T0. Pairwise p-values (p) were obtained by applying a Mann-Whitney test 

for unpaired samples, overall p-value was obtained by applying Kruskal-Wallis test. Only molecules showing an overall statistically 

significant difference among all groups and a pairwise statistical difference in at least one comparison are shown. Legend: * p-value 

≤ 0.05; ** p-value ≤ 0.01; *** p-value ≤ 0.001. 

 

 
Figure 3 Statistical analysis at T0 for immune-checkpoint molecules.  Boxplot of immune-checkpoint molecules expression level 

(logarithmic scale) in 7 responder patients with toxicity (violet box), 12 responder patients without toxicity (water blue box), 11 non-

responder patients with toxicity (blue box), and 23 non-responder patients without toxicity (orange box) at T0. Pairwise p-values (p) 
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were obtained by applying a Mann-Whitney test for unpaired samples, overall p-value was obtained by applying Kruskal-Wallis test. 

Legend: * p-value ≤ 0.05; ** p-value ≤ 0.01; *** p-value ≤ 0.001. 

 

 

 

 

 

4.5 Connectivity analysis between circulating molecules in responder and non-responder 

patients with and without toxicity 

To investigate the difference in the molecule connectivity patterns in terms of therapy response and 

toxicity, we first built four connectivity maps between each pair of the molecule expression values in 

responder patients with and without cumulative toxicity (Figure 4 AB) and in non-responder patients 

with and without cumulative toxicity considering all the different cancers type as a whole (Figure 4 

CD).  
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Figure 4 Connectivity map between molecules in responder patients with toxicity (A), responder patients without toxicity (B), 

non-responder patients with toxicity (C), and non-responder patients without toxicity (D) at T0. Statistically significant Spearman 

correlations (p-value ≤ 0.05) are reported. In the plot, circles are scaled and coloured according to the correlation values, increasing 

from red (negative correlation) to blue (positive correlation). Molecules are grouped and ordered according to the functional group 

reported in the legend. 
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From these maps, we observed a clearly different connectivity patterns from patients with or without 

toxicity. In particular, by looking at the connectivity map of therapy responder patients without 

toxicity with respect to those ones with toxicity, we observed a loss of connectivity of mostly of 

soluble immune check-points and the cytokine correlations moving from one to the other group. 

Also moving from non-responder patients without toxicity to those ones with toxicity, we observed 

a loss of connectivity of mostly of cytokines (e.g., all the connections of the pro-inflammatory 

cytokines IL13, IL6, IL17A, TNF alpha, or most of the connections of the other groups of chemokines  

including IL8, MIP-I-alpha), an inversion of the correlation for some adhesion molecules, whose 

correlation sign from positive became negative (e.g., the correlation of s-Pselectin with the cytokines 

IL10 and GM-CSF appears positive in non-responder patients without toxicity, while this correlation 

becomes negative in those ones with toxicity, meaning that if the cytokines value is high the other 

one is low and viceversa), or a null correlation that became negative correlation (e.g., s-ICAM-I 

appears with no correlation with almost all the cytokines in both responder and non-responder patients 

without toxicity and responder with toxicity, while it turned on with a strong negative correlation in 

non-responder patients with toxicity, or IDO that appears with no correlation with the chemokine 

MIP-1alpha in non-responder patients without toxicity, but showed a strong negative correlation in 

non-responder patients with toxicity). The non-responder group with toxicity is distinguished from 

the other 3 by the occurrence of strongly negative correlations. In particular: 

- between ICAM-1 and IL-10, GM-CSF, sHVEM, sPDL-1 and many other cytokines (IL13, IL4, IL6, 

IL1 alpha, IL1 beta and IL12p70),  

- between sP-selectin and IL10, GM-CSF, IP10, MIP1alpha, LAG3, sGITR and sPDL1,  

- between sCD80 and IL13, GM-CSF, IL12p70, sPDL-1, 

- between IDO and IL13, MIP-1alpha and sPDL-1. 

G2-G3 toxicities are present in all patients belonging to the non-responder with toxicities group, 

suggesting that those with the most unfavourable clinical, prognostic and immune characteristics are 

concentrated in this small sample of patients. 

 

These differences are more evident when the connectivity maps for responder and non-responder 

patients with and without toxicity were rendered as four corresponding connectivity networks (Figure 

5), where two nodes are connected if their expression profiles are statistically significant (p-value ≤ 

0.05) and exceed in absolute value a selected correlation threshold (i.e., the 80th percentile of the 

overall distribution corresponding to 0.7). 
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Figure 5 Connectivity network between molecules in responder patients with toxicity (A), responder patients without toxicity 

(B), non-responder patients with toxicity (C), and non-responder patients without toxicity (D) at T0. In each network, nodes 

represent molecule and a link occurs between two nodes if the absolute value of Spearman correlation between their expression 

levels is statistically significant (p-value ≤ 0.05) and greater than a selected threshold (i.e., the 80th percentile of the overall 

distribution corresponding to 0.7).  Nodes are colored according to the functional groups reported in the legend; whereas edge colour 

indicates positive (blue) or negative (red) correlation values. 
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We identified a total of 95 statistically significant connections (correlations) in responder patients 

with toxicity (Figure 5A and Table 5), 111 statistically significant connections in responder patients 

without toxicity (Figure 5B and Table 6), 143 statistically significant connections in non-responder 

patients with toxicity (Figure 5C and Table 7), and finally 113 statistically significant connections in 

non-responder patients without toxicity (Figure 5D and Table 8). Interestingly, we found only 14 

common connections among the four networks connecting 13 molecules (i.e., Table 9), while a 

substantial number of connections specifically observed for each group of patients came up (Table 

10): 26 connections in responder with toxicity, 38 in responder without toxicity, 80 in non-responder 

with toxicity, 31 in non-responder without toxicity.  

Taken together, these findings highlight a specific signature in terms of network connectivity of the 

molecules characterizing the different groups of responder and non responder patients with and 

without toxicity regardless of primary tumor type.  

 

Table 5. Statistically significant connection in responder patiens with toxicity. The table reports all 

the connectivity networks for responder patients with toxicity at T0, along with the correlation values 

and corresponding p-values.  

Source Target Correlation p value 

IL10 GM-CSF 0,989071 2,38E-05 

IL13 IFNalpha 0,964286 0,002778 

IL1alpha IP10 0,964286 0,002778 

sCD80 sPD1 0,964286 0,002778 

IL1beta MIP-1beta 0,936975 0,001851 

IL4 IFNalpha 0,928571 0,006746 

sE-selectin sP-selectin 0,928571 0,006746 

IL10 IL12p70 0,906327 0,004902 

IL1beta GM-CSF 0,904534 0,005134 

IL13 GM-CSF 0,896421 0,006267 

IL12p70 GM-CSF 0,896421 0,006267 

GM-CSF TNFalpha 0,896421 0,006267 

GM-CSF IFNalpha 0,896421 0,006267 

GM-CSF IFNgamma 0,896421 0,006267 

GM-CSF MIP-1beta 0,896421 0,006267 

GM-CSF MCP1 0,896421 0,006267 

IL13 TNFalpha 0,892857 0,012302 

IL4 IFNgamma 0,892857 0,012302 

IFNalpha IFNgamma 0,892857 0,012302 

IL13 MCP1 0,892857 0,012302 

sP-selectin sTIM3 0,892857 0,012302 

IL13 sPDL-2 0,892857 0,012302 
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sGITR sCD137 0,889499 0,007339 

IL1beta IFNgamma 0,882919 0,00845 

IL1beta sI-CAM-1 0,882919 0,00845 

sCTLA-4 IDO 0,882919 0,00845 

IL10 IL1beta 0,874767 0,009953 

IL10 IL13 0,866921 0,011536 

IL10 TNFalpha 0,866921 0,011536 

IL10 IFNalpha 0,866921 0,011536 

IL10 IFNgamma 0,866921 0,011536 

IL10 MIP-1beta 0,866921 0,011536 

IL10 MCP1 0,866921 0,011536 

IL10 sPDL-2 0,866921 0,011536 

IL13 IL4 0,857143 0,02381 

IL13 IL17A 0,857143 0,02381 

IL4 TNFalpha 0,857143 0,02381 

IL12p70 IFNalpha 0,857143 0,02381 

TNFalpha IFNalpha 0,857143 0,02381 

IL12p70 IFNgamma 0,857143 0,02381 

IL6 IL8 0,857143 0,02381 

IL1alpha IL8 0,857143 0,02381 

IL6 IP10 0,857143 0,02381 

IL17A MCP1 0,857143 0,02381 

MIP-1beta sI-CAM-1 0,857143 0,02381 

sP-selectin sI-CAM-1 0,857143 0,02381 

IFNgamma sLAG3 0,857143 0,02381 

sLAG3 sCD27 0,857143 0,02381 

IL17A sPDL-2 0,857143 0,02381 

IFNalpha sPDL-2 0,857143 0,02381 

sE-selectin sPDL-2 0,857143 0,02381 

sCD137 sCD28 0,852437 0,014814 

IL1beta IL12p70 0,846881 0,016197 

GM-CSF sPDL-2 0,83666 0,018927 

IL6 IL1alpha 0,821429 0,034127 

IL17A IFNalpha 0,821429 0,034127 

TNFalpha IFNgamma 0,821429 0,034127 

IL12p70 MCP1 0,821429 0,034127 

IFNalpha MCP1 0,821429 0,034127 

MIP-

1alpha MCP1 0,821429 0,034127 

MIP-1beta MCP1 0,821429 0,034127 

IFNalpha sE-selectin 0,821429 0,034127 

IFNgamma sE-selectin 0,821429 0,034127 

IFNgamma sP-selectin 0,821429 0,034127 

sTIM3 sCD27 0,821429 0,034127 

sP-selectin sPD1 0,821429 0,034127 

IL4 GM-CSF 0,796819 0,031928 
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sCD28 sPDL-1 0,792825 0,033444 

IL10 sE-selectin 0,78811 0,035283 

IL10 sP-selectin 0,78811 0,035283 

IL13 IL12p70 0,785714 0,048016 

IL6 TNFalpha 0,785714 0,048016 

IL13 IFNgamma 0,785714 0,048016 

IL8 IP10 0,785714 0,048016 

IL6 MIP-1beta 0,785714 0,048016 

TNFalpha MIP-1beta 0,785714 0,048016 

IL17A sE-selectin 0,785714 0,048016 

sI-CAM-1 sTIM3 0,785714 0,048016 

sTIM3 sCD28 0,785714 0,048016 

sCD27 sCD28 0,785714 0,048016 

sP-selectin sCD80 0,785714 0,048016 

sCD28 sCTLA-4 0,785714 0,048016 

IL12p70 sPDL-2 0,785714 0,048016 

TNFalpha sPDL-2 0,785714 0,048016 

MCP1 sPDL-2 0,785714 0,048016 

sTIM3 sPD1 0,785714 0,048016 

sCD28 sPD1 0,785714 0,048016 

GM-CSF IL17A 0,776899 0,039877 

GM-CSF sE-selectin 0,776899 0,039877 

GM-CSF sP-selectin 0,776899 0,039877 

GM-CSF sI-CAM-1 0,776899 0,039877 

IL1beta MCP1 0,774806 0,040769 

IL1beta sLAG3 0,774806 0,040769 

IL10 IL4 0,768408 0,043565 

MIP-

1alpha IDO -0,77481 0,040769 

 

Table 6. Statistically significant connections in responder patients without toxicity. The table reports 

all the connectivity networks for responder patients without toxicity at T0, along with the correlation 

values and corresponding p-values. 

 

Source Target Correlation p value 

IL10 GM-CSF 0,998045 2,24E-13 

IL4 IFNalpha 0,966727 3,04E-07 

sTIM3 sCD28 0,950728 2,11E-06 

TNFalpha IFNgamma 0,937063 0 

sCD27 sBTLA 0,935203 8,06E-06 

GM-CSF sCD28 0,928549 1,30E-05 

IL1alpha MIP-1beta 0,923077 0 

TNFalpha sE-selectin 0,923077 0 

IL10 sCD28 0,923012 1,87E-05 
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sCD80 sCTLA-4 0,918597 2,45E-05 

IFNalpha IFNgamma 0,914187 3,17E-05 

IL10 IL4 0,912839 3,42E-05 

IL4 GM-CSF 0,903518 5,59E-05 

IL4 IFNgamma 0,902098 0 

sCTLA-4 sPD1 0,90176 6,10E-05 

IFNgamma MCP1 0,895105 5,94E-06 

sCD80 sPD1 0,892451 9,44E-05 

MCP1 sE-selectin 0,888112 9,17E-05 

IL1beta IFNgamma 0,872841 0,000211 

IL10 MCP1 0,872186 0,000216 

IL6 sTIM3 0,871286 0,000223 

IL6 sCD28 0,870339 0,000231 

GM-CSF MCP1 0,870191 0,000232 

IL4 sCD28 0,866219 0,000268 

IL10 IFNalpha 0,862608 0,000305 

TNFalpha MCP1 0,86014 0,000597 

IL1beta MCP1 0,858705 0,000348 

IL1beta GM-CSF 0,857011 0,000368 

GM-CSF sTIM3 0,85538 0,000389 

IL10 IL1beta 0,855335 0,000389 

IL17A sPD1 0,852637 0,000425 

TNFalpha IFNalpha 0,85114 0,000446 

IL10 sTIM3 0,850012 0,000462 

IFNalpha sCD28 0,846573 0,000514 

GM-CSF IFNalpha 0,845751 0,000528 

sTIM3 sGITR 0,844758 0,000544 

sCD27 sCD28 0,843045 0,000573 

IL17A sCD80 0,84249 0,000582 

IFNgamma sE-selectin 0,839161 0,001192 

IL10 IFNgamma 0,838924 0,000647 

sTIM3 sCD27 0,830124 0,000831 

GM-CSF IFNgamma 0,829459 0,000847 

IL6 GM-CSF 0,829334 0,00085 

IL1beta sCD28 0,829187 0,000853 

IL10 IL6 0,827713 0,000888 

IL4 IL1alpha 0,825175 0,001719 

IL4 TNFalpha 0,825175 0,001719 

IFNgamma MIP-1beta 0,825175 0,001719 

IL4 MCP1 0,825175 0,001719 

IL10 TNFalpha 0,820446 0,001078 

IL4 IL1beta 0,819834 0,001095 

IL6 sCD27 0,816275 0,0012 

IL1alpha IFNalpha 0,816113 0,001205 

GM-CSF sCD27 0,812366 0,001324 

TNFalpha MIP-1beta 0,811189 0,002369 
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GM-CSF TNFalpha 0,810944 0,001372 

IL10 sCD27 0,810778 0,001377 

sCD28 sCD80 0,809948 0,001406 

IL17A TNFalpha 0,807023 0,001509 

sGITR sCD28 0,803262 0,001651 

IL13 sCD137 0,798592 0,001841 

IL4 IL12p70 0,797203 0,003161 

sE-selectin sPDL-2 0,797203 0,003161 

IFNalpha sCD80 0,795073 0,001995 

IL10 sE-selectin 0,794576 0,002017 

IL17A IFNalpha 0,794377 0,002026 

IL4 IL6 0,793682 0,002058 

IL17A IFNgamma 0,792987 0,00209 

sHEVM sGITR 0,789637 0,002251 

sCD28 sBTLA 0,788752 0,002295 

GM-CSF sE-selectin 0,788727 0,002297 

IL8 sCD137 0,786607 0,002405 

IFNalpha IL8 0,785965 0,002439 

IL1beta IFNalpha 0,785871 0,002443 

IL17A sP-selectin 0,783832 0,002553 

IL1alpha 

MIP-

1alpha 0,783217 0,004115 

IL6 sGITR 0,779086 0,002821 

IL4 IL8 0,777584 0,00291 

MIP-

1alpha MIP-1beta 0,776224 0,00466 

IFNgamma sCD28 0,774667 0,00309 

IFNalpha MIP-1beta 0,774082 0,003127 

IL6 IFNalpha 0,773871 0,00314 

IFNalpha MCP1 0,770579 0,003355 

IL4 MIP-1beta 0,769231 0,005253 

IL12p70 IFNalpha 0,767076 0,003596 

IFNalpha sPD1 0,763574 0,00385 

IL13 IL8 0,762743 0,003912 

IL13 sCD27 0,762743 0,003912 

IL1alpha TNFalpha 0,762238 0,005897 

IL1alpha IFNgamma 0,762238 0,005897 

IL4 sTIM3 0,762238 0,005897 

sLAG3 sGITR 0,760888 0,004054 

sCD28 sPD1 0,760582 0,004078 

IL17A sCTLA-4 0,758803 0,004218 

sE-selectin sP-selectin 0,756569 0,004398 

IFNalpha sTIM3 0,756569 0,004398 

IL1alpha IL12p70 0,755245 0,006597 

MCP1 sPDL-2 0,755245 0,006597 

IL1alpha IL8 0,749563 0,005004 
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IL1beta TNFalpha 0,749159 0,005041 

sCTLA-4 IDO 0,748683 0,005084 

IL12p70 MIP-1beta 0,748252 0,007353 

sTIM3 sBTLA 0,748252 0,007353 

sCD137 sCD28 0,744681 0,005462 

IL8 MIP-1beta 0,742558 0,005671 

sGITR sCD27 0,740912 0,005836 

IL13 sTIM3 0,740355 0,005893 

GM-CSF sCD137 0,738364 0,0061 

IL4 sCD80 0,737242 0,006219 

GM-CSF sBTLA 0,736885 0,006258 

IL13 IL4 0,733338 0,006647 

 

Table 7. Statistically significant connection in non-responder patients with toxicity. The table reports 

all the connectivity networks for non-responder patients with toxicity at T0, along with the correlation 

values and corresponding p-values.  

 

Source Target Correlation p value 

IL17A TNFalpha 0,917808 6,80E-05 

IL4 IFNgamma 0,888385 0,000258 

sCD27 sPDL-2 0,883829 0,000307 

sHEVM sPDL-1 0,857493 0,000739 

IL10 sPDL-1 0,840343 0,001201 

IL13 sGITR 0,831497 0,00151 

IL1alpha MIP-1beta 0,831059 0,001527 

sCD137 sCD27 0,83105 0,001527 

sCD137 sPDL-2 0,829159 0,001601 

IL6 MIP-1beta 0,819241 0,002032 

IL6 IL1alpha 0,818393 0,002073 

IL13 IL4 0,808632 0,002585 

IL8 sTIM3 0,801824 0,002993 

IL1beta MIP-1beta 0,794529 0,003482 

IL13 IL1beta 0,782375 0,004426 

IL1beta IP10 0,78083 0,004558 

IL1beta sGITR 0,780628 0,004575 

GM-CSF sPDL-1 0,777817 0,004824 

IL10 sCD137 0,77645 0,004949 

IL1alpha sGITR 0,775839 0,005005 

IL10 IP10 0,774683 0,005113 

IL13 IL17A 0,771239 0,005445 

IL13 TNFalpha 0,771239 0,005445 

MCP1 sCD27 0,769934 0,005575 

sTIM3 sCD27 0,769934 0,005575 

IL1alpha sPDL-2 0,767131 0,005861 
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IL4 MIP-1beta 0,765378 0,006046 

MCP1 sPDL-2 0,763636 0,009216 

MCP1 sGITR 0,76277 0,006328 

GM-CSF MCP1 0,76277 0,006328 

IL4 TNFalpha 0,753425 0,00742 

IL4 IL1beta 0,752862 0,00749 

IL17A IFNgamma 0,75171 0,007634 

IL4 sGITR 0,750175 0,00783 

TNFalpha IFNgamma 0,742599 0,00885 

sCD80 IDO 0,741967 0,008939 

IL1alpha sHEVM 0,737575 0,009578 

IL8 sPD1 0,736844 0,009687 

IL10 MCP1 0,734214 0,010088 

IL6 sHEVM 0,733451 0,010207 

IL1alpha sCD27 0,732267 0,010393 

TNFalpha IFNalpha 0,731052 0,010586 

IL1beta IL12p70 0,725402 0,011521 

sTIM3 sPDL-2 0,718182 0,016799 

GM-CSF sCD27 0,716728 0,013069 

IL10 sLAG3 0,71109 0,014153 

IP10 MIP-1beta 0,709091 0,018728 

IP10 MCP1 0,709091 0,018728 

IL17A IFNalpha 0,708063 0,014761 

sGITR sPDL-1 0,707107 0,014956 

IL1beta TNFalpha 0,707096 0,014959 

sGITR sPDL-2 0,705562 0,015277 

IL10 sGITR 0,703353 0,015743 

IL1beta IL17A 0,700231 0,01642 

IL12p70 sGITR 0,697615 0,017003 

sGITR sCD137 0,697615 0,017003 

IL1alpha sCD137 0,695654 0,01745 

IL4 IL12p70 0,694064 0,017818 

GM-CSF IP10 0,693909 0,017854 

IL13 IFNgamma 0,690204 0,018735 

IL8 sCD27 0,689498 0,018906 

IL10 sHEVM 0,6875 0,019397 

IL13 sPDL-1 0,684797 0,020076 

sCD80 sCTLA-4 0,684212 0,020225 

sTIM3 sBTLA 0,683373 0,02044 

IL1beta IFNgamma 0,680372 0,021223 

IL10 sCD27 0,677945 0,021871 

IL1alpha sPDL-1 0,677285 0,02205 

IL1beta sPDL-1 0,677285 0,02205 

MIP-1beta sGITR 0,676958 0,022139 

IL4 sPDL-1 0,675737 0,022473 

IL12p70 sPDL-1 0,675737 0,022473 
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sCD137 sPDL-1 0,675737 0,022473 

sI-CAM-1 IDO 0,675174 0,022629 

MIP-

1alpha sPDL-1 0,6742 0,022899 

IL10 IL1alpha 0,67369 0,023042 

IL10 IL1beta 0,67369 0,023042 

IL6 sPDL-1 0,672056 0,023503 

IL1alpha MCP1 0,67124 0,023736 

IL4 IL17A 0,671233 0,023738 

IL10 MIP-1beta 0,670621 0,023914 

sCD27 sPDL-1 0,66898 0,024389 

IL8 sCD137 0,66895 0,024398 

IL12p70 GM-CSF 0,668946 0,024399 

sP-selectin sI-CAM-1 0,666806 0,02503 

TNFalpha MIP-1beta 0,66515 0,025525 

MCP1 sCD137 0,66515 0,025525 

IL6 TNFalpha 0,662851 0,026225 

sI-CAM-1 sCD80 0,662223 0,026418 

IL6 IL1beta 0,662071 0,026465 

IL4 IL1alpha 0,661329 0,026695 

MCP1 sPDL-1 0,660716 0,026886 

IL17A sGITR 0,654611 0,028843 

IL1alpha IL8 0,652176 0,029651 

IL12p70 MCP1 0,651482 0,029884 

GM-CSF sGITR 0,65 0,030386 

IL4 IL6 0,649089 0,030697 

IP10 sGITR 0,648355 0,03095 

GM-CSF sPDL-2 0,646236 0,031688 

IL10 IL4 0,646076 0,031744 

IL13 IL12p70 0,640362 0,033797 

TNFalpha sGITR 0,635499 0,035615 

sHEVM sCD27 0,625795 0,039446 

IFNgamma sGITR 0,619751 0,041972 

IP10 sCD27 0,619592 0,04204 

IL1alpha IL1beta 0,619266 0,042179 

IFNgamma MIP-1beta 0,618182 0,047817 

IL13 IL6 0,61748 0,042949 

IL1beta sCD137 0,615562 0,043787 

IL12p70 IFNalpha 0,611509 0,045594 

MIP-

1alpha sGITR 0,610216 0,046181 

sLAG3 sGITR 0,610216 0,046181 

IL10 GM-CSF 0,606339 0,047972 

GM-CSF sHEVM 0,606339 0,047972 

GM-CSF sP-selectin -0,62546 0,039582 

sP-selectin sGITR -0,63509 0,035773 
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IP10 sP-selectin -0,64223 0,033116 

IL13 sCD80 -0,64737 0,03129 

MCP1 sI-CAM-1 -0,66072 0,026886 

sCD80 sPDL-1 -0,66222 0,026418 

sP-selectin sPDL-1 -0,66681 0,02503 

sI-CAM-1 sCD27 -0,66898 0,024389 

IL6 sI-CAM-1 -0,67206 0,023503 

MIP-

1alpha sI-CAM-1 -0,6742 0,022899 

sPDL-1 IDO -0,67517 0,022629 

IL4 sI-CAM-1 -0,67574 0,022473 

IL12p70 sI-CAM-1 -0,67574 0,022473 

sI-CAM-1 sCD137 -0,67574 0,022473 

IL1alpha sI-CAM-1 -0,67729 0,02205 

IL1beta sI-CAM-1 -0,67729 0,02205 

IL13 sI-CAM-1 -0,6848 0,020076 

MIP-

1alpha IDO -0,6851 0,019998 

sI-CAM-1 sGITR -0,70711 0,014956 

MIP-

1alpha sP-selectin -0,71563 0,013276 

IL10 sP-selectin -0,74098 0,00908 

GM-CSF sCD80 -0,76451 0,006139 

IL12p70 sCD80 -0,76712 0,005862 

GM-CSF sI-CAM-1 -0,77782 0,004824 

IL13 IDO -0,77838 0,004774 

IL10 sI-CAM-1 -0,84034 0,001201 

sI-CAM-1 sHEVM -0,85749 0,000739 

sP-selectin sLAG3 -0,91747 6,92E-05 

sI-CAM-1 sPDL-1 -1 2,12E-70 

 

Table 8. Statistically significant connection in non-responder patiens without toxicity. The table 

reports all the connectivity networks for non-responder patients without toxicity at T0, along with the 

correlation values and corresponding p-values.  

 

Source Target Correlation p value 

IL10 GM-CSF 0,977961 9,08E-16 

IL1alpha MIP-1beta 0,963183 1,86E-13 

MIP-

1alpha MIP-1beta 0,952569 2,74E-06 

GM-CSF IFNgamma 0,939151 3,27E-11 

IL4 GM-CSF 0,938052 3,93E-11 

IL1beta IFNgamma 0,937281 4,46E-11 

IL10 IFNgamma 0,934754 6,68E-11 

IL4 

MIP-

1alpha 0,931785 1,05E-10 
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IL10 IL4 0,931139 1,16E-10 

GM-CSF 

MIP-

1alpha 0,930296 1,31E-10 

IL4 IFNgamma 0,92783 1,87E-10 

IL12p70 IFNgamma 0,916234 8,47E-10 

IL1beta IL12p70 0,914099 1,09E-09 

IL4 MIP-1beta 0,912506 1,32E-09 

IL1alpha 

MIP-

1alpha 0,912281 1,35E-09 

GM-CSF MIP-1beta 0,909982 1,75E-09 

IL10 

MIP-

1alpha 0,908265 2,12E-09 

IL10 IL1beta 0,901411 4,39E-09 

IL10 MIP-1beta 0,891455 1,15E-08 

IL4 IL12p70 0,887763 1,61E-08 

IP10 

MIP-

1alpha 0,887352 3,02E-06 

IL1alpha GM-CSF 0,887282 1,68E-08 

IL1beta GM-CSF 0,886809 1,75E-08 

IL17A sP-selectin 0,883032 2,43E-08 

IL1beta IFNalpha 0,881192 2,84E-08 

IL10 IFNalpha 0,878856 3,44E-08 

IL4 IFNalpha 0,877851 3,74E-08 

IL4 IL1beta 0,877454 3,86E-08 

sCD80 sCTLA-4 0,876794 4,07E-08 

IL10 IL12p70 0,876389 4,21E-08 

IL4 IL1alpha 0,876143 4,29E-08 

TNFalpha IFNalpha 0,872928 5,53E-08 

IL10 IL1alpha 0,872058 5,92E-08 

IL10 TNFalpha 0,87053 6,66E-08 

IL1alpha IL8 0,869286 7,32E-08 

IFNgamma 

MIP-

1alpha 0,857708 2,09E-06 

TNFalpha IFNgamma 0,856931 1,79E-07 

IFNgamma MIP-1beta 0,855731 2,03E-06 

IL13 IL1beta 0,853783 2,21E-07 

IL8 MCP1 0,852767 1,94E-06 

TNFalpha 

MIP-

1alpha 0,851001 2,66E-07 

IL12p70 GM-CSF 0,848206 3,19E-07 

IL12p70 MIP-1beta 0,848036 3,23E-07 

IFNalpha IFNgamma 0,847947 3,25E-07 

IL12p70 TNFalpha 0,847257 3,39E-07 

GM-CSF sCD27 0,846983 3,45E-07 

IL4 TNFalpha 0,845983 3,68E-07 

IL13 IFNgamma 0,84502 3,91E-07 

IL13 IL12p70 0,842496 4,58E-07 

IL1beta MIP-1beta 0,842158 4,68E-07 
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TNFalpha MIP-1beta 0,841611 4,84E-07 

GM-CSF TNFalpha 0,840912 5,05E-07 

IP10 MIP-1beta 0,836957 1,71E-06 

IL12p70 

MIP-

1alpha 0,833704 7,78E-07 

IL12p70 IFNalpha 0,832303 8,44E-07 

GM-CSF IP10 0,831328 8,93E-07 

IFNalpha 

MIP-

1alpha 0,827145 1,13E-06 

GM-CSF IFNalpha 0,826602 1,17E-06 

IL1beta 

MIP-

1alpha 0,826221 1,19E-06 

IL10 sTIM3 0,824214 1,33E-06 

IL1alpha MCP1 0,82382 1,36E-06 

IL10 IP10 0,820138 1,66E-06 

IL1alpha IFNgamma 0,818384 1,83E-06 

GM-CSF sTIM3 0,818306 1,83E-06 

IFNalpha MIP-1beta 0,816743 1,99E-06 

sE-selectin sP-selectin 0,815258 2,15E-06 

IL10 sCD27 0,811934 2,56E-06 

IL8 MIP-1beta 0,8083 4,25E-06 

IL1alpha IL12p70 0,80524 3,58E-06 

IL1alpha IP10 0,802076 4,17E-06 

MIP-

1alpha MCP1 0,800395 6,35E-06 

MIP-1beta MCP1 0,800395 6,35E-06 

IL1alpha IL1beta 0,799028 4,83E-06 

sTIM3 sPDL-2 0,797134 5,28E-06 

TNFalpha MCP1 0,796145 5,53E-06 

sCD80 sPD1 0,795342 5,74E-06 

IL6 IL1beta 0,794715 5,91E-06 

GM-CSF MCP1 0,793304 6,31E-06 

IL10 MCP1 0,792631 6,51E-06 

IL8 IP10 0,791502 9,94E-06 

IL13 IL4 0,790765 7,09E-06 

IL1beta TNFalpha 0,790061 7,32E-06 

MIP-

1alpha sCD27 0,789483 7,51E-06 

IL10 IL13 0,789291 7,58E-06 

MIP-

1alpha sLAG3 0,785767 8,87E-06 

IL1alpha sCD27 0,784712 9,29E-06 

MCP1 sE-selectin 0,783597 1,45E-05 

IL13 GM-CSF 0,78351 9,79E-06 

IL1alpha TNFalpha 0,782501 1,02E-05 

IL4 sCD27 0,781429 1,07E-05 

MIP-1beta sLAG3 0,78132 1,08E-05 

IL4 IP10 0,780524 1,11E-05 
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IL10 IL6 0,779379 1,17E-05 

MIP-1beta sE-selectin 0,77668 1,99E-05 

IL6 IFNgamma 0,774164 1,46E-05 

IL8 

MIP-

1alpha 0,773715 2,27E-05 

IP10 sLAG3 0,772918 1,54E-05 

IFNgamma sTIM3 0,769763 2,70E-05 

IFNgamma sCD27 0,76565 2,07E-05 

IL1alpha IFNalpha 0,759972 2,59E-05 

MIP-

1alpha sTIM3 0,757905 4,36E-05 

IL12p70 MCP1 0,757598 2,83E-05 

IL1alpha sTIM3 0,757104 2,89E-05 

IL6 GM-CSF 0,755581 3,06E-05 

IL8 sE-selectin 0,751976 5,47E-05 

MIP-

1alpha sE-selectin 0,751976 5,47E-05 

GM-CSF IL8 0,751633 3,55E-05 

IL10 IL8 0,75086 3,66E-05 

IL4 IL6 0,750045 3,77E-05 

IL1alpha sE-selectin 0,747714 4,11E-05 

sTIM3 sLAG3 0,747714 4,11E-05 

IFNalpha sTIM3 0,74344 4,80E-05 

 

Table 9. Molecule network connections shared among the four patient groups, connecting 13 

molecules.  

Source Target 

P value  

non-responder  

with tox 

P value 

non-responder 

Without tox 

P value  

responder  

with_tox 

P value 

responder 

Without tox 

GM-CSF MCP1 0,006328 6,31E-06 0,006267 0,000232 

IL10 GM-CSF 0,047972 9,08E-16 2,38E-05 2,24E-13 

IL10 IL1beta 0,023042 4,39E-09 0,009953 0,000389 

IL10 IL4 0,031744 1,16E-10 0,043565 3,42E-05 

IL10 MCP1 0,010088 6,51E-06 0,011536 0,000216 

IL12p70 IFNalpha 0,045594 8,44E-07 0,02381 0,003596 

IL13 IL4 0,002585 7,09E-06 0,02381 0,006647 

IL1alpha IL8 0,029651 7,32E-08 0,02381 0,005004 

IL1beta IFNgamma 0,021223 4,46E-11 0,00845 0,000211 

IL4 IFNgamma 0,000258 1,87E-10 0,012302 0 

IL4 TNFalpha 0,00742 3,68E-07 0,02381 0,001719 

TNFalpha IFNalpha 0,010586 5,53E-08 0,02381 0,000446 

TNFalpha IFNgamma 0,00885 1,79E-07 0,034127 0 

TNFalpha MIP-1beta 0,025525 4,84E-07 0,048016 0,002369 

 

 

Table 10. Network connections specifically present in each group of patients.  
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Connections Responder with toxicity 
Responder without 

toxiciy 
Non-responder with toxicity 

Non-responder without 

toxicity 

Number 26 37 80 31 

Type  
GM-CSF IL17A 

IFNalpha sEselectin 

IFNalpha sPDL-2 

IFNgamma sLAG3 

IFNgamma sP-selectin 

IL10 sPDL-2 

IL12p70 sPDL-2 

IL13 IFNalpha 

IL13 MCP1 

IL13 sPDL-2 

IL17A MCP1 

IL17A sE-selectin 

IL17A sPDL-2 

IL1beta sLAG3 

IL6 IL8 

IL6 IP10 

MIP-1beta sI-CAM-1 

sCD28 sCTLA-4 

sCD28 sPDL-1 

sI-CAM-1 sTIM3 

sLAG3 sCD27 

sP-selectin sCD80 

sP-selectin sPD1 

sP-selectin sTIM3 

sTIM3 sPD1 

TNFalpha sPDL-2 
 

GM-CSF sBTLA 

GM-CSF sCD137 

GM-CSF sCD28 

IFNalpha IL8 

IFNalpha sCD28 

IFNalpha sCD80 

IFNalpha sPD1 

IFNgamma MCP1 

IFNgamma sCD28 

IL10 sCD28 

IL13 IL8 

IL13 sCD137 

IL13 sCD27 

IL13 sTIM3 

IL17A sCD80 

IL17A sCTLA-4 

IL17A sPD1 

IL1beta sCD28 

IL4 IL8 

IL4 MCP1 

IL4 sCD28 

IL4 sCD80 

IL4 sTIM3 

IL6 IFNalpha 

IL6 sCD27 

IL6 sCD28 

IL6 sGITR 

IL6 sTIM3 

sCD27 sBTLA 

sCD28 sBTLA 

sCD28 sCD80 

sCTLA-4 sPD1 

sGITR sCD27 

sGITR sCD28 

sHEVM sGITR 

sTIM3 sGITR 

TNFalpha sE-selectin 
 

GM-CSF sCD80 

GM-CSF sGITR 

GM-CSF sHEVM 

GM-CSF sPDL-1 

IFNgamma sGITR 

IL10 sCD137 

IL10 sGITR 

IL10 sHEVM 

IL10 sI-CAM-1 

IL10 sLAG3 

IL10 sPDL-1 

IL12p70 sCD80 

IL12p70 sGITR 

IL12p70 sI-CAM-1 

IL12p70 sPDL-1 

IL13 IDO 

IL13 IL6 

IL13 sCD80 

IL13 sGITR 

IL13 sI-CAM-1 

IL13 sPDL-1 

IL17A sGITR 

IL1alpha sCD137 

IL1alpha sGITR 

IL1alpha sHEVM 

IL1alpha sI-CAM-1 

IL1alpha sPDL-1 

IL1alpha sPDL-2 

IL1beta IL17A 

IL1beta IP10 

IL1beta sCD137 

IL1beta sGITR 

IL1beta sPDL-1 

IL4 IL17A 

IL4 sGITR 

IL4 sI-CAM-1 

IL4 sPDL-1 

IL6 sHEVM 

IL6 sI-CAM-1 

IL6 sPDL-1 

IL8 sCD27 

IL8 sPD1 

IL8 sTIM3 

IP10 MCP1 

GM-CSF IL8 

GM-CSF MIP-1alpha 

IFNalpha MIP-1alpha 

IFNgamma MIP-1alpha 

IFNgamma sCD27 

IFNgamma sTIM3 

IL10 IL8 

IL10 MIP-1alpha 

IL12p70 MIP-1alpha 

IL12p70 TNFalpha 

IL1alpha GM-CSF 

IL1alpha sE-selectin 

IL1alpha sTIM3 

IL1beta MIP-1alpha 

IL4 IP10 

IL4 MIP-1alpha 

IL4 sCD27 

IL6 IFNgamma 

IL8 MCP1 

IL8 MIP-1alpha 

IL8 sE-selectin 

IP10 MIP-1alpha 

IP10 sLAG3 

MIP-1alpha sCD27 

MIP-1alpha sE-selectin 

MIP-1alpha sLAG3 

MIP-1alpha sTIM3 

MIP-1beta sE-selectin 

MIP-1beta sLAG3 

sTIM3 sLAG3 

TNFalpha MIP-1alpha 
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IP10 sCD27 

IP10 sGITR 

IP10 sP-selectin 

MCP1 sCD137 

MCP1 sCD27 

MCP1 sGITR 

MCP1 sI-CAM-1 

MCP1 sPDL-1 

MIP-1alpha sGITR 

MIP-1alpha sI-CAM-1 

MIP-1alpha sP-selectin 

MIP-1alpha sPDL-1 

MIP-1beta sGITR 

sCD137 sCD27 

sCD137 sPDL-1 

sCD137 sPDL-2 

sCD27 sPDL-1 

sCD27 sPDL-2 

sCD80 IDO 

sCD80 sPDL-1 

sGITR sPDL-1 

sGITR sPDL-2 

sHEVM sCD27 

sHEVM sPDL-1 

sI-CAM-1 IDO 

sI-CAM-1 sCD137 

sI-CAM-1 sCD27 

sI-CAM-1 sCD80 

sI-CAM-1 sGITR 

sI-CAM-1 sHEVM 

sI-CAM-1 sPDL-1 

sP-selectin sGITR 

sP-selectin sLAG3 

sP-selectin sPDL-1 

sPDL-1 IDO 

TNFalpha sGITR 
 

 

 

 

 

4.6 Survival analysis: circulating molecules and connectivity map 

The Kaplan Meier analysis confirms that also in terms of the OS (Figure 6A) and PFS (Figure 6B), a 

statistically significance difference has been overall observed for patients belonging to the four 
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groups (i.e., log rank test p-value < 0.0001). In particular, we observed that patients responding to the 

therapy (responder patients) show a higher OS and PFS rates with respect to the non-responder ones, 

but no statistically distinction was shown between the two groups of responder patients with and 

without toxicity, suggesting that the toxicity was not determining an increasing of survival rate or 

PFS.  

Looking at the OS values, we computed also the statistical differences of the soluble molecules by 

diving the cohort of patients into patients with an OS greater and lower than a selected cut-off (i.e., 

median value of the OS, equal to 11 months). We observed that almost all the cytokines, two 

chemokines (i.e., MIP-1alpha, IL8), and most of the sICs showed a statistically significant down-

regulation in patients with a greater OS value (Figure 7). Looking at the PFS values, we observed that 

three cytokines (i.e., IL10, IL12p70, and GM-CFS) and one most of the sIC (i.e., sCD27) were 

statistically significant down-regulated in patients with a PFS value higher than the selected cut-off 

(i.e., median value of the PFS, 4 months), (Figure 8).  

No connectivity differences were instead observed when we compared the correlations maps of 

patients with OS (Figure 9) or PFS (Figure 10) higher and lower the selected cut-offs. Although in 

patients with OS below median, a loss of correlations is observed: between P-selectin and E-selectin 

and most cytokines/chemokines and some of the soluble checkpoints, and between sCD28 and sCD80 

and cytokines/chemokines. Furthermore, in the group with PFS below the median value, a loss of 

correlation is observed between P-selectin and E-selectin and several cytokines/chemokines and 

between PDL-2 and sPD1, cytokines/chemokines and some adhesion molecules. 
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Figure 6. Kaplan-Meier analysis. 53 patients were classified into four groups: first class including 7 responder patients with 

toxicity (cyan curve), second class including 12 responder patients with toxicity (violet curve), third class including 11 non-

responder patients with toxicity (light red curve), fourth class including 23 non-responder patients without toxicity (green curve). The 

correlation between variable value and patient survival was examined as overall survival (OS) [panel A] and progression free 

survival (PFS) [panel B]. The prognosis of each group of patients was examined by Kaplan-Meier survival estimators, and the 

survival outcomes of the two groups were compared by log-rank tests. Log rank p-values less than or equal to 0.05 were considered 

as statistically significant.  
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Figure 7 Statistical analysis at T0 for soluble molecules from groups of patients divided according to overall survival (OS) 

value. Boxplot of cytokines (A), chemokines (B), and soluble immune-checkpoints (C) molecules expression level (logarithmic 

scale) in 27 patients with a OS value greater than the median cut off (i.e., 11 months) (violet box), 26 patients with a survival value 

lower than the median cut off (water blue box) at T0. P-values were obtained by applying a Mann-Whitney test for unpaired samples. 

Legend: * p-value ≤ 0.05; ** p-value ≤ 0.01; *** p-value ≤ 0.001. 

 

 

Figure 8 Statistical analysis at T0 for soluble molecules from groups of patients divided according to progression-free survival 

(PFS) value. Boxplot of cytokines (A) and soluble immune-checkpoints (B) molecules expression level (logarithmic scale) in 34 

patients with a PFS value greater than the median cutoff (i.e., 4 months) (violet box) and 19 patients with a PFS value lower than the 

median cutoff (water blue box) at T0. P-values were obtained by applying a Mann-Whitney test for unpaired samples. Legend: * p-

value ≤ 0.05; ** p-value ≤ 0.01; *** p-value ≤ 0.001. 
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 Figure 9 Connectivity map between molecules in patients with a value of overall survival (OS) that is higher (A) and lower 

(B) of the selected cut-off (i.e., the median of overall survival in the entire cohort of patients) at T0. Statistically significant 

Spearman correlations (p-value ≤ 0.05) are reported. In the plot, circles are scaled and coloured according to the correlation values, 

increasing from red (negative correlation) to blue (positive correlation). Molecules are grouped and ordered according to the 

functional group reported in the legend. 
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Figure 10 Connectivity map between molecules in patients with a value of progression-free survival (PFS) that is higher (A) 

and lower (B) of the selected cut-off (i.e., the median of progression free survival in the entire cohort of patients) at T0. 

Statistically significant Spearman correlations (p-value ≤ 0.05) are reported. In the plot, circles are scaled and coloured according to 

the correlation values, increasing from red (negative correlation) to blue (positive correlation). Molecules are grouped and ordered 

according to the functional group reported in the legend. 
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7. Discussion 

8.  

In this study, we evidenced that the connectivity between the circulating molecules analyzed can 

change in responder and non responder patients in presence or not of immune-related toxicity. 

Biological systems respond to multiple inputs that can vary and interact simultaneously - i.e., these 

are complex systems that form molecular networks [224]. The investigation of these networks is 

essential for understanding the true bases for phenotype and pathophenotype since each molecular 

entities does not exert its effect on phenotype in isolation, rather a disease is driven by complex 

interactions among a variety of molecular mediators [225]. To construct these networks, we chose to 

exploit a quantitative approach based on the co-expression between molecules, quantifying the 

relationship between two molecules (connectivity) via the correlation between their expression 

profiles. Even if correlation does not imply causation, molecules that are co-expressed can be 

functionally coordinated in response to an external stimulus, implying a common way of functioning 

or the influence by a shared underlying mechanism [226].  

The immunological status of 4 different groups of patients with peculiar clinical and prognostic 

features requiring targeted therapeutic choices and personalized strategies were defined. By 

calculating the Spearman correlation coefficients and p-values among each pair of molecules for each 

group of analysed patients, a specific connectivity network was constructed according to the 

occurrence of cumulative toxicity, detecting a specific immune condition in patients susceptible to 

developing toxicity during treatment. These results confirm the findings of a previous study, 

including 79 patients with solid tumours treated with immunotherapy, which showed a specific 

connectivity network between circulating molecules in the presence of cumulative toxicity, 

suggesting a dysregulation of the immune system leading to the loss of self-tolerance mechanisms 

[179]. In addition, peculiar connectivity network characteristics in the non-responder with toxicity 

subgroup were also identified. This result is particularly significant considering that patients in this 

subgroup had high grade G2-G3 toxicity.  Moreover, this set of patients that will develop the worst 

clinical condition requires a targeted and personalised management by the oncologist. The 

identification of patients who are resistant to immunotherapy and more prone to develop toxicities 

may direct the physician towards alternative treatment choices, such as chemotherapy, target therapy 

or best supportive care, depending on the patient clinico-pathological characteristics in according to 

the site of the primary tumor. Furthermore, this subset of difficult-to-manage patients should be 

discussed in molecular tumor board and candidates for molecular profiling to allow access to 

innovative, personalized and safe treatments based on the specific molecular alterations that may be 
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highlighted. Thus, the opportunity to identify baseline immune biomarkers predictive of this poor 

outcome and toxicity is of paramount importance and deserves further investigation.  

The heatmap showing molecule expression levels in different groups (Figure 2A), revealed the 

presence of two distinct subgroups in non-responder patients without toxicities, one of which is 

characterised by high cytokine and chemokine concentrations, and consists exclusively of NSCLC 

patients. Furthermore, considering the distribution of the primary tumor types in the 4 groups, a higher 

concentration of HNSCC can be observed in the non-responder with toxicity group, whereas UMs 

are exclusively present in the responder/non-responder without cumulative toxicity groups. These 

evidences suggest the existence of an organ-specific immunity beyond common clinical behaviour. 

Indeed, HNSCC, as known in the literature, are tumours characterised by an extremely 

immunosuppressive microenvironment, in which dysregulation of the immune system plays a central 

role in carcinogenesis and tumour progression [227]. On the other hand, UMs constitute a peculiar 

pathological entity with respect to cutaneous melanomas, with specific immune regulatory 

mechanisms still to be fully understood.  

In non-responder patients with toxicity, higher level of IL17A and adhesion molecules (sICAM-1, 

sP-selectin and sE-selectine) were detected compared to other subgroups (Figure 2B). Moreover, in 

this subgroup higher levels of sCTLA-4 compared to both responder and non-responder without 

toxicity and higher sCD80 level compared to both responder with toxicity and non-responder without 

toxicity were found. On the other hand, sHVEM and sPDL-1 were lower in non responder with 

toxicity group compared to non-responder without toxicities. IL-17A plays a key role in fostering the 

creation of an ideal tumour microenvironment through its ability to induce the production of 

inflammatory mediators and mobilise MDSC cells. Indeed, IL-17A through binding to its receptor 

(IL-17Ra) is able to promote tumourigenesis and angiogenesis; thus it has been associated with a poor 

prognosis in colon rectal cancer patients [228, 229].  Furthermore, IL-17A promotes the recruitment 

of MDSC cells in mouse colon tumours [230] and promotes the immunosuppressive activity of Tregs, 

resulting in tumour progression [231].  

Recently in the literature, IL17A has been associated with the failure of anti-PD-1 therapy in patients 

with MSS colon-rectal cancer (CRC). Although growing evidence suggests that IL-17A activity may 

drive resistance to antitumour immunity and contribute to therapeutic failure, it is still unclear 

whether blocking IL-17A can improve sensitivity to ICIs [232]. IL17A is implicated in the 

pathogenesis of some autoimmune diseases, including ankylosing spondylitis for which an IL17A 

inhibitor (secukinumab) is approved [233]. Therefore, IL17A might play a key role as a driver of 

immune dysregulation in the subgroup of non-responder patients with toxicity. Similarly, the 
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presence of high circulating levels of soluble adhesion molecules also confirms the loss of immune 

balance in patients of this subgroup. In literature high level of soluble adhesion molecules are 

associated with sepsis, autoimmune disease, such as reumatoid arthritis and other inflammatory and 

vascular disease [234-236]. Moreover, sICAM-1 may have predictive clinical value in transplanted 

patients with acute renal allograft rejection, as it is present in serum in high concentrations prior to 

the occurrence of the acute event [237]. Recently, it was shown that hepatocellular carcinoma (HCC) 

patients with elevated serum levels of sICAM-1 had a worse OS than those with low levels of sICAM-

1 who were more likely to benefit from immune checkpoint blockade therapy [238]. Furthermore, in 

a recent study including patients with different primary tumours treated with immunotherapy, the 

worst prognosis cluster was characterised by elevated serum levels of cytokines/chemokines and 

adhesion molecules, confirming the possible predictive significance of immune imbalance of these 

molecules [153]. These findings were confirmed in the connectivity map (Figure 4), which shows 

that in the non-responder with toxicity group there are specific negative correlations between ICAM-

1 and sP-selectins and different cytokines/chemokines.   

On the other hand, the soluble form of CTLA-4, capable of binding CD80, is implicated in the 

pathogenesis of several autoimmune diseases, in which sCTLA-4 is able to inhibit early T-cell 

activation by blocking the interaction between CD80 and the costimulatory receptor CD28. 

Furthermore, high levels of sCTLA-4 could compete for binding of the membrane form of CTLA-4 

causing a reduction in inhibitory signalling [239].  The potent immunoregulatory activities of sCTLA-

4 are confirmed by the high concentrations in the sera of patients with melanoma who develop toxicity 

during immunotherapy [240]. The biological functions of the soluble forms of HVEM and PDL1 are 

still largely unknown, but some evidence suggests an important immunoregulatory role [241]. 

Therefore, their function should be interpreted in the immunological context of the individual patient.  

The 4 connectivity maps obtained showed that in patients who develop toxicity there is a specific and 

peculiar connectivity pattern. In patients with toxicities we observed a loss of connectivity of mostly 

of sIC and the cytokines/chemokines correlations suggesting that the immune system is in equilibrium 

when there is a well-organised crosstalk between the different molecules, whereas it is dysregulated 

and more 'inflamed' when molecules act chaotically losing connections with each other.  

Although toxicity has the greatest impact on the connectivity pattern, it is possible to observe 

peculiarities in the connectivity map of non-responder patients with toxicity, in which a reversal of 

correlation is observed for certain adhesion molecules, whose correlation sign from positive or null 

 has become negative comparing with the other 3 groups. These negative correlations involve, above 

all, two soluble adhesione molecules (s-Pselectin and sICAM-1 with a negative correlation with many 

cytokines/chemokines) and IDO (with the occurrence of a negative correlation with IL13, MIP-alpha 
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and sPDL1). These findings might suggest that the non-responder group with toxicity is more 

inflamed than the other 3 with greater dysregulation and loss of immune fitness. 

The differences in the 4 groups of patients are confirmed by the connectivity networks, which show 

the presence of specific connections for each subgroup, with a relatively small number (14) of  

connections common to all 4 networks. In addition, each network has a distinct molecule with the 

role of leading player in the greatest number of interactions, defined as the first hub. Significantly, 

INFalpha is the first hub in the connectivity network of responder patients without toxicity, who 

represent the best prognosis group, benefiting most from immunotherapy. The importance of IFNα 

in cancer control has been known for a long time, since it was the first drug approved in the treatment 

of certain solid tumours such as melanoma and kidney cancer [242]. As a central immunomodulatory 

agent, IFNα has an important immunomodulatory function and is able to mediate pro-apoptotic, anti-

proliferative functions favouring cancer elimination.  However, chronic activation of the IFNα 

pathway may lead to an immunosuppressive action due to depletion of the immune activity involved 

in tumour escape mechanisms [243]. In non-responder with toxicity group, first hubs were sGITR 

and sICAM-1. As already mentioned, soluble adhesion molecules should play an important role in 

this subgroup of patients, given their pro-inflammatory action. On the other hand, the GITR/GITR 

ligand pathway induces a positive costimulatory signal on effector T cells, promoting their activation 

and proliferation, while inhibiting the immunosuppressive activity of Treg cells [244, 245]. GITR 

activation has been associated with anti-tumor activity, with anti-viral activity, but with aggravation 

of autoimmune diseases [246]. Elevated serum levels of the soluble form of GITRL and/or GITR 

have been reported in some autoimmune disorders such as Sjögren's syndrome and Hashimoto's 

thyroiditis [247, 248]. 

Preclinical data on GITR-agonist monoclonal antibodies demonstrated in vitro and in vivo antitumor 

activity that enhances the CD8+ and CD4+ effector T cells and decreases tumour-infiltrating Tregs 

[249]. However, the functions of the soluble form of GITR are not fully understood to date.  

The first hub in responder with toxicity group was GM-CSF, a cytokine able to promote the 

differentiation of myeloid cells, with immunostimulatory effects in inducing antitumor immunity. 

Furthermore, GM-CSF is capable of inducing the differentiation of DCs, which are responsible for 

the presentation of tumor antigens for the priming of cytotoxic T lymphocytes [250]. In non-

responder patients without toxicities first hub was MIP1-alpha, an interesting chemokine, capable 

both of inducing leukocyte chemotaxis, carrying out a pro-inflammatory activity, and of inhibiting 

the proliferation of hematopoietic stem cells in vitro and in vivo [251]. 

Overall, a specific signature in terms of network connectivity of the molecules characterizing the 

different groups of responder and non-responder patients with and without toxicity has been 
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highlighted. Each network had a precise number of significant and specific connections. In particular, 

it is of interest to note that the highest number of both significant connections (143) and specific 

connections (80) was recorded in non-responder patients with toxicity. Furthermore, it is the only 

group in which IDO is involved in 4 specific and significant connections; conversely IDO is absent 

in the specific connections of the other 3 networks. Among the specific connections of non-responder 

patients with toxicity, there are as many as 15 involving I-CAM1 and 18 involving sGITR, confirming 

what was previously observed. IDO, an enzyme involved in tryptophan catabolism, represents an 

important mechanism of immunosuppression and tumor immune escape, and it could be involved in 

the development of primary resistance to treatment with ICIs. In a recent work including different 

solid tumors, the activity of IDO was evaluated by the serum kyn/trp ratio through modified liquid 

chromatography – tandem mass spectrometry (LC–MS/MS) method. A high baseline kyn/trp ratio 

was associated with worse outcomes to immunotherapy in terms of PFS and OS [183]. Considering 

that tryptophan catabolism is the result of the activity of several enzymes in addition to IDO, in future 

research, liquid chromatography might be a more reliable method than the multiplex assay to study 

IDO activity, expressed as a kyn/trp ratio. 

There were no statistically significant differences in either PFS or OS based on the presence of 

toxicity. Instead, a statistically significant difference in terms of PFS and OS was highlighted in 

responder or non-responder patients. This data suggests that in our study the presence of toxicity does 

not represent a predictive factor of survival.  This evidence contrasts with what is reported in the 

literature. In a recent meta-analysis, the onset of irAE was associated with better ICI activity and a 

survival benefit [252]. This association is particularly evident for some types of cancer (melanoma 

and NSCLC) and for specific type of irAE (endocrine and skin) [252]. Similarly, emerging evidence 

also suggests that patients who develop immune-related toxicities such as vitiligo, keratitis, uveitis 

and erythema nodosum under BRAFi/MEKi could derive lasting benefits from these therapies [253]. 

Moreover, a peculiar skin toxicity, mainly consisting of an acneiform eruption, is predictive of good 

response to the anti EGFR monoclonal antibody in CRC [254]. 

By evaluating the serum levels of different molecules in patients with OS and PFS above or below 

the median, we found that patients with better OS and PFS had several molecules down-regulated. 

This data confirms what has been highlighted in a recent work, in which patients with values of 

sTIM3, IFNα, IFNγ, IL1β, IL1α, IL12p70, MIP1β and TNFα below the median had longer OS and 

patients with values below the median of sCD28, sGITR, sPDL1, IL10 and IL13 had longer PFS 

[153]. Furthermore, in a recent study, Zizzari et al reported that low levels of sPDL1, sPDL2, sTim3, 

sCD137 and sBTLA4 were also correlated with a long response to immunotherapy in patients with 

NSCLC [155]. 
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The high rates of progressive disease (64.1%) and patients in second-line treatment (66%) explain 

the short OS and PFS reported by our study population in all tumour subtypes. No statistically 

significant differences were reported in the connectivity maps for patients with OS and PFS above or 

below the median. This lack of significance can be explained in several ways: first of all, the small 

size of the series, the heterogeneity of the study population in terms of primary tumor, previous 

treatments, lines of treatment (first or second line), and lines of subsequent treatment received. The 

size and heterogeneity of the patient sample represent the main limitations of the study. Therefore, 

any conclusion or finding should be confirmed on a larger and more homogeneous population. 

However, this study provides some important research insights that deserve further investigation. The 

possibility of early identification of patient resistant to immunotherapy and at risk of developing 

dangerous toxicities, affecting the QoL, would have a significant impact on clinical practice. 

 

9. Conclusion 

10.  

In conclusion, these results allowed to define a specific connectivity pattern for each of the 4 clinical 

situations: responder with toxicity, responder without toxicity, non-responder with toxicity and non-

responder without toxicity. In particular, in patients who will develop irAEs, a peculiar pattern of 

immune dysregulation has been identified. The analysis of the connectivity network has shown that 

patients with the worst prognosis (non-responders who will develop toxicity) have peculiar 

connectivity and network characteristics, which could favor their early and timely identification so 

as to be able to modulate the therapeutic strategy based on the patient immune status. Furthermore, 

our findings suggest the existence of an organ-dependent immunity reflecting in a specific clinical 

behaviour for each type of primary tumour. 

A poorly modulated and highly "inflamed" immune system could ultimately affect both immune 

tolerance with the onset of irAE and response to treatment. The identification of a baseline soluble 

immune profile, predicting both the risk of developing immune-related toxicities and the response to 

treatment, represents a new challenge for precision medicine in order to design a personalized 

therapeutic strategy, for each patient, preferably based on the molecular profiling in the patients with 

the worst prognosis, to prevent life-threthning irAEs and improve outcomes.  
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