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Metastatic melanoma is the deadliest form of skin cancer whose incidence has been rising dramatically over the last few decades. Nowadays, the most successful approach in treating advanced melanoma is immunotherapy which encompasses the use of immune checkpoint blockers able to unleash the immune system’s activity against tumor cells. Immunotherapy has dramatically changed clinical practice by contributing to increasing long term overall survival. Despite these striking therapeutic effects, the clinical benefits are strongly mitigated by innate or acquired resistance. In this context, it is of utmost importance to develop methods capable of predicting patient response to immunotherapy. To this purpose, one major step forward may be provided by measuring non-invasive biomarkers in human fluids, namely Liquid Biopsies (LBs). Several LB approaches have been developed over the last few years thanks to technological breakthroughs that have allowed to evaluate circulating components also when they are present in low abundance. The elements of this so-called “circulome” mostly encompass: tumor DNA, tumor and immune cells, soluble factors and non-coding RNAs. Here, we review the current knowledge of these molecules as predictors of response to immunotherapy in metastatic melanoma and predict that LB will soon enter into routine practice in order to guide clinical decisions for cancer immunotherapy.
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Background

Melanoma is a highly malignant tumor originating from melanocytes and is characterized by high metastatic propensity and high mortality rates (1). The development of melanoma involves several dynamic processes in which the immune system plays a key role (2). It is well known that tumor cells activate different mechanisms to escape immune surveillance: a process known as “cancer-immunoevasion” (1). In this review, we will not probe into describing these complex processes that are the focus of several other excellent reviews (1, 3–6). The most effective therapeutic approach for advanced melanoma relies on the possibility to reactivate immune cells on recognizing tumor cells as foreign components and on controlling their growth. This concept lies at the basis of immuno-oncology. Historically, this approach has been pursued through the use of interferon and interleukin cytokines (like IL-2), but clinical benefits were very modest and laden by substantial toxicities (7). However, the experiences derived from those drugs paved the way for more successful immunotherapies. The first of them was the development of ipilimumab as an anti-CTLA-4 antibody which was then later on followed by the discovery of inhibitors of PD-1/PD-L1 receptor-ligand couple (3, 7). These monoclonal antibodies, initially nivolumab and pembrolizumab and subsequently atezolizumab and durvalumab, represent the main therapeutic breakthroughs over the last few years (8). These molecules have radically changed the therapeutic scenario contributing to increasing overall survival not only in patients with metastatic melanoma but also in a growing number of cancer types (3, 7, 9). Furthermore, due to their non-overlapping mechanisms of action, combinations of nivolumab together with ipilimumab led to longer progression-free survival and a higher proportion of objective response rate as compared to monotherapies (10, 11). Unfortunately, cancer immunotherapy with checkpoint inhibitors is efficacious only in a subset of cases because 40–60% of patients do not achieve any significant therapeutic benefit (12, 13). In this scenario, it would be important to develop biomarkers capable of predicting response to immunotherapy, also in light of the elevated costs as well as the high degree of toxicity and severe adverse events of this type of therapy. Furthermore, it is worth considering that the therapeutic landscape of metastatic melanoma has been also improved by the availability of target therapy based on the combination of BRAF and MEK inhibitors in approximately 50% of patients carrying mutations in the amino acid V600 of the BRAF oncogene (14). Hence, in this subset of patients the choice of first line therapy, i.e. target therapy with BRAFi/MEKi vs. immunotherapy is still highly debated. These lines of evidence taken together stress the need to identify novel biomarkers that are able to predict the response to a given treatment. In the last few years, the use of liquid biopsies has provided major opportunities(LBs) (15, 16). LBs are a non-invasive approach which agreeably complement tumor biopsies in acquiring important information about tumor progression and response to therapy. Among the main advantages of LBs there is the possibility to follow disease evolution over time by collecting longitudinal sampling during the course of disease as well as during therapy. LBs can be represented by several human fluids, among them the most commonly evaluated is the blood (17). They are a source of different biological circulating tumor elements (defined “circulome”) that include proteins, circulating tumor DNA and RNA (ctDNA and ctRNA), circulating tumor cells (CTCs) and extracellular vesicles (EVs) (18, 19). Interestingly, these elements could derive from cancer cells themselves as well as from the tumor microenvironment. During the last few years thanks to significant technological advances and improvements in sensitivity, LBs have become a valuable tool from both diagnostic and prognostic points of view not only in melanoma but also across other cancer types. In this narrative review, we will focus on the state-of-the-art of liquid biopsies as predictors of response to immunotherapy in metastatic melanoma. In particular, we will focus on three main aspects a) circulating tumors DNA, b) circulating tumor cells (CTCs)/immune cells and soluble factors and c) non coding RNAs. These analytes are represented in Figure 1.




Figure 1 | Representative image of non-invasive biomarkers available in liquid biopsies to manage metastatic melanoma.





Circulating Tumor DNA (ctDNA)

ctDNA is one of the most reliable biomarkers available in LBs (20) and its potential to predict response to immune checkpoint blockers (ICB) in melanoma has been investigated in several relevant studies over the last few years. They will be summarized in this section. From a biological point of view, ctDNA is constituted by DNA fragments released into the bloodstream by apoptotic or necrotic cancer cells and its amount in general adequately correlates with tumor stage and prognosis (21–24). The absolute amount of ctDNA varies along with the number of cancer cells and the total tumor burden. Furthermore, its evaluation is able to provide information on the genetic mutational profile of the tumor and can be a mirrored image of the heterogeneous complexity of advanced metastatic cancer (20). Besides ctDNA, the presence of cell-free DNA (cfDNA), a broader term that describes DNA that circulates freely in the bloodstream, but is not necessarily of tumor origin must also be reported (25). However, the evaluation of cfDNA, unlike ctDNA has not yet been considered a prognostic parameter per se.

The dosage of ctDNA has been made possible in the last decade thanks to modern advances in genomic and non-genomic technologies. One of the main issues to overcome is the limitation to detect ctDNA concentrations that are in general very low in the blood. In recent years, very sensitive multi-gene testing panels have been developed to measure ctDNA in LBs. Recently the FoundationOne Liquid CDx (https://www.foundationmedicine.com/test/foundationone-liquid-cdx) and Guardant360 CDx (https://guardant360cdx.com/) have recently been approved by the FDA for comprehensive tumor mutation profiling across solid cancers through LB sampling (26). In addition to large NGS panels, one of the most reliable methods in detecting ctDNA is through the use of Droplet Digital PCR (ddPCR) (27). This technology is able to provide ultrasensitive and absolute nucleic acid quantification and is particularly useful for low-abundant targets and for the design of patient-specific customized tests. Nowadays, the most accepted metric system for measuring ctDNA in LBs is to assess tumor-specific variant as copies/ml plasma through ddPCR.

Another potential biomarker of response to immunotherapy in melanoma is the emerging tumor mutation burden (TMB). This arises from the assumption that melanoma carries one of the highest mutational loads among human tumors. Even though TMB has been proposed as an independent predictor of response to immunotherapy (28), the most promising results have been obtained in combination with plasmatic ctDNA evaluation. This was the focus of the following study. In particular, it has taken advantage of a tumor panel comprised of 710 tumor-associated genes to reliably calculate TMB in liquid biopsies deriving from 35 melanoma patients treated with ipilimumab (as anti-CTLA-4) and nivolumab (as anti-PD-1) (27). The patients enrolled in this prospective study were almost equally divided into BRAF mutated (n=16) and BRAF wild type (n=19). The results demonstrated that TMB in the tumor biopsy was significantly higher (TMB > 23.1 Mut/Mb) in responders than in non-responders (TMB ≤ 23.1 Mut/Mb) before starting therapy (27). Furthermore, the same authors also evaluated TMB in combination with ctDNA (measured as copies/ml plasma) in the same experimental cohort. Their results demonstrated that the simultaneous reduction of both these parameters after 3 weeks of starting treatment was able to better distinguish patients who respond to combined immunotherapy (27). In particular, these authors measured as ctDNA markers not only mutated driver genes such as BRAF and NRAS, but also additional somatic variants like CDK4, GNAQ, STAT1 and others. It is important to point out that one limitation of this study relies on the fact that only a part of the patients enrolled (i.e. 63%) had ipilimumab or nivolumab as their first line systemic treatment whereas 13 patients received targeted therapy or PD-1 antibodies before.

The importance of ctDNA in predicting response to immunotherapy has also been demonstrated in another prospective study carried out by Seremet and colleagues (29). This study tested plasma samples from 85 patients undergoing anti-PD-1 therapy evaluating BRAFV600E/K or NRASQ61/G12/G13 in ctDNA (copies/ml plasma). Patients with undetectable ctDNA at baseline showed a better overall and progression free survival (OS and PFS) as compared to those patients with detectable ctDNA (29). Along the same line, another prospective study demonstrated that the assessment of ctDNA at baseline and during therapy was predictive for tumor response and clinical outcome in metastatic melanoma patients with a BRAFV600E/K or NRASQ61/G12/G13 mutation. In particular, the levels of ctDNA were evaluated in a prospective cohort of 40 advanced melanoma patients subjected to PD-1 inhibitors alone or in combination with ipilimumab at baseline and early during therapy. The objective was to assess the potential of ctDNA in predicting response and clinical outcome. Results showed that patients with higher basal levels of ctDNA (copies/ml plasma) and a persistently elevated ctDNA levels during therapy had a worse progression free survival (PFS) and overall survival (OS) (30). Similar results were achieved also in another prospective study which evaluated the clinical validity of ctDNA before and during ICB treatment (i.e. pembrolizumab) as a prognostic and predictive tool (31). In this prospective phase II study, ctDNA was measured in five distinct cohorts of patients with advanced solid tumors such as high-grade serous ovarian cancer (HGSOC), malignant melanoma and mixed solid tumors (MST) (31). ctDNA levels were measured in 316 plasma samples before (at basal levels) and during treatment with pembrolizumab. In particular, an early reduction in ctDNA (measured as mean tumor molecules per mL of plasma; MTM/mL) after two cycles of pembrolizumab and on-treatment ctDNA clearance distinguished patients with good prognosis independently from tumor types.

Along the same line, another study (32) assessed the levels of ctDNA (BRAFmut or NRASmut) as an indicator of response during anti-PD-1 treatment. In particular, these authors observed that the reduction of ctDNA levels in the blood after 2-3 weeks upon the first administration of nivolumab predicted the best response. In contrast, the anti-PD-1 antibody was ineffective in those patients where ctDNA did not decrease after starting treatment (32). This study also highlighted how ctDNA is a better predictor of response to therapy compared to other well-known clinical parameters such as Lactate Dehydrogenase (LDH).

Altogether these studies clearly demonstrated that ctDNA is a novel parameter in assessing response to immunotherapy both at baseline and during treatment and pave the way to propose the clinical practice of the ctDNA-based surveillance in melanoma patients treated with immune-checkpoint inhibitors.

Finally, ctDNA is useful in addition to being a novel parameter for assessing response to targeted therapy (BRAF/MEK inhibitors). Indeed, several studies have demonstrated that the fluctuations of this biomarker were generally correlated with treatment response to such inhibitors (33, 34). For example, Schreuer et al. analyzed BRAFV600 ctDNA in liquid biopsies deriving from 36 melanoma patients before and during treatment with dabrafenib and trametinib. Most of these samples showed detectable levels of ctDNA at baseline (75%) which rapidly decreased upon initiating targeted therapy and became undetectable in about 50% of those patients after 6 weeks of treatment (34). Most importantly, 27 out of 36 patients underwent disease progression (PD) and this was associated with an increase of ctDNA levels.

In summary, the results of this section (also summarized in Table 1) if further validated in larger prospective Phase III studies, provide the rationale for monitoring ctDNA at basal level to better stratify melanoma patients capable of responding to immunotherapy or also during administration of checkpoint inhibitors in order to early identify non-responding patients and stop therapy.


Table 1 | List of predictive biomarkers of response to immunotherapy in metastatic melanoma coming from liquid biopsies.






Circulating Tumor Cells (CTCs), Soluble Factors and Immune Cells

LBs can be interrogated both for cellular and non-cellular components which can be exploited as promising biomarkers for monitoring and predicting response to immunotherapy in metastatic melanoma. This paragraph will focus on these aspects.

CTCs are cells that derive from primary/metastatic tumor sites, whose presence within the peripheral blood can predict the development of new metastatic lesions (51). During the last few decades, CTCs demonstrated to be suitable non-invasive biomarkers for studying the response to different types of therapies in melanoma in several studies, including target therapies and immunotherapies. One must consider that CTC reliability is challenged by the lack of standardized methodologies for their evaluation as well as for inter-patient heterogeneity that is responsible for the different levels of detectability of these cells in the blood (52). The methods for CTCs enrichment from peripheral blood are mainly divided into two categories: 1) enrichment for physical properties, i.e. size, and 2) enrichment for specific markers (53). The first method is based on microfilters that separate CTCs from other blood cells such as leukocytes. This is the approach recently used by our group. Briefly, we took advantage of ScreenCell® size exclusion technology to isolate CTCs from blood samples taken from melanoma patients. In this way, cells entrapped on absorbent membrane can be processed by immunofluorescence for specific markers of interest. In our study, we demonstrated that increased phosphorylation of the ErbB3 receptor on CTC surface early occurs upon patient treatment with BRAFi and MEKi. Importantly, the activation of this receptor has been identified as an early mechanism of escape from therapies in melanoma. These findings open the possibility to further investigate the role of CTCs as predictors of response to targeted therapy (54).

The second approach to quantify CTCs was based on the detection of specific markers on their surface like MCSP, MCAM or MLANA (55). Taking advantage of this approach, CTCs were evaluated in the blood from a prospective cohort of 49 melanoma patients treated with immune checkpoint inhibitors (16 treated with ipilimumab, 33 with pembrolizumab). Interestingly, authors observed a strong decrease in CTC score within 7 weeks of therapy correlating with marked improvement in progression-free and overall survival (35).

Furthermore, the study of CTCs can also take advantage of the recent advent of genomic and non-genomic technologies in order to further increase sensitivity (55, 56). For example, in a recent study CTCs deriving from melanoma patients were identified using a multi-marker immunostaining panel for melanocytic proteins like gp100, S100 and MLANA. Thanks to this approach, CTCs were identified in the blood deriving from 52 melanoma patients who received immune checkpoints and their number positively correlated with high LDH levels. Thereby, authors designed a “disease outcome panel,” in which “high-risk” and “low-risk” melanoma patient subgroups were defined. Accordingly, patients belonging to the first subgroup were characterized by worse disease-free and overall survival (36).

These findings suggest that a valuable tool for evaluating response to immune-checkpoint inhibitors is the association between CTCs and LDH. LDH evaluation in the blood is one of the longstanding biomarkers for cancer progression and response to therapy in human cancers (57). Recently, the levels of this enzyme have also been tested for predicting response to immunotherapy in melanoma. For instance, in the recent Checkmate-067 study, patients treated with nivolumab were still alive at 4 years if the baseline LDH values were lower than those compared to patients who had higher levels before starting therapy, showing a worse overall survival (58).

Even though a significant proportion (about 27%) of PD-L1 negative melanoma patients may benefit from anti-PD-1/PD-L1 antibodies (59), its evaluation through immunohistochemistry (IHC) from tissue sections has been historically considered one of the most valuable biomarkers capable of predicting response to immunotherapy (60). However, this practice is limited to the primary tumors rendering the longitudinal sampling to monitor disease progression and response to therapy very difficult.

From here on, a potential biomarker of response to anti-PD-1/anti-PD-L1 therapy can be considered the expression of PD-L1 on CTC surface, as proposed for breast cancer, non-small cell lung cancer (NCLS) and also metastatic melanoma (61, 62). Initial findings promoted the activation of prospective clinical trials testing PD-L1 expression on CTCs for monitoring the response to immune-checkpoint inhibitors. For instance, it has been demonstrated that melanoma patients with high levels of CTCs that are positive for PD-L1 had better progression-free survival (PFS) after treatment with pembrolizumab as compared to patients with high CTCs with low PD-L1 levels. Furthermore, in the same study it was also shown that the ratio of PD-L1+/PD-L1- CTCs decreases upon treatment in responder patients whereas increases or remains unchanged in most non-responders. These data suggest that the detection of those cells may help stratify responder and non-responder patients to immunotherapy (37). The limitation of this pioneering study is related to the small cohort of patients tested and highlights the need to strengthen those findings in larger studies. However, because CTCs are usually very rare, fragile and difficult to capture, PD-L1 assessment on their surface remains a technical challenge.

A second method used to evaluate PD-L1 as a biomarker of response to immunotherapy relies on the discovery of its existence in a soluble form in the blood, known as sPD-L1 (63). This molecule has been identified in different human cancers, including renal cell carcinoma, multiple myeloma, large B-cell lymphoma and also in melanoma (64–66). In this context, Zhou and colleagues have demonstrated that melanoma patients with higher sPD-L1 levels at baseline had poorer outcome as compared to those patients with moderate/low sPD-L1 in response to ipilimumab-based therapy (38). In this context, in vitro studies have highlighted that sPD-L1 retains the signaling domain necessary for interacting with PD-1 on T cells and delivering immune-inhibitory signals (67). This could be the reason why, in the same study, a further increase of sPD-L1 levels in the blood has been observed in those patients who did not respond to immunotherapy as compared to those that did (responders).

Besides PD-L1, also different chemokines and cytokines have been proposed to be able to predict response to immunotherapy in melanoma in LBs. For example, due to the use of MALDI-TOF mass spectroscopy, a panel of 209 serum proteins that are associated with a better response to immune-checkpoint inhibitors, nivolumab and pembrolizumab has been identified (39). These circulating proteins, such as C reactive protein, serum amyloid A and P and angiostatin A are the indicators of a massive involvement of acute phase response, inflammation, complement activation and wound healing.

The detection of specific chemokines and cytokines in the blood has also been correlated to immune-mediated toxicity, an adverse event that requires interrupting immunotherapy treatment in melanoma patients. Along the same line, another study tested the expression levels of 65 cytokines in longitudinal plasma samples collected from melanoma patients treated with nivolumab or pembrolizumab alone or in combination with ipilimumab (40). Results showed that the increased levels of 11 circulating cytokines, such as IL1a, IL2, and IFNα2 were significantly associated with the development of high-grade immune-related toxicity. Furthermore, the same authors also demonstrated that other cytokines, like TNF-a, IL-8 or IP-10 increased their levels in the blood in patients who do not respond to immunotherapy as compared to those who did (responders).

The increased levels of IL-8 as a negative biomarker of response to either anti-PD-1 and anti-CTLA-4 was confirmed in another independent study carried out on metastatic melanoma (n=29) and NSCLC (n=19) patients (41).

Furthermore, recent studies have also focused on circulating levels of the CD73 enzyme which is expressed by different cellular populations of the tumor microenvironment such as the cancer cells themselves, endothelial and immune cells (68). This enzyme facilitates the establishment of a immunosuppressive tumor microenvironment inhibiting NK and T cell-mediated anti-tumor responses through producing extracellular adenosine (69). Increased levels of CD73 have been associated with worse prognosis in many types of cancers, including melanoma (70). In this context, a recent study has demonstrated that elevated serum levels at baseline of CD73 correlated with lower response rate, shorter survival and higher rates of progression disease in melanoma patients treated with nivolumab (42).

Besides non-cellular elements which circulate freely in the bloodstream a relevant prognostic role in cancer has certainly been attributed to the deregulation of specific immune subpopulation of cells. This suggests the possibility to evaluate them as predictors of response to immunotherapy as well.

In this regard, Capone and colleagues analyzed peripheral blood mononuclear cells (PBMCs) in samples deriving from 100 nivolumab-treated melanoma patients (43). Among the different subpopulation of immune cells tested, these authors identified CD8+/CD73+ subset of lymphocytes as the strongest associated with worse survival and poor clinical benefits. Indeed, their low baseline percentages were associated with clinical benefits and better survival as compared to non-responsive patients. Even though the biological role of CD8+/CD73+ lymphocytes in the immune response against melanoma cells during nivolumab treatment is still unknown, the expression of CD73 on T cells has been suggested capable of promoting an exhausted phenotype in pre-clinical mouse models of head and neck squamous cell carcinoma (HNSCC) (64). Another class of immune cells associated with the response to immunotherapy in melanoma is myeloid-derived suppressor cells (MDSCs). Ipilimumab-treated melanoma patients with better response to therapy have lower baseline levels of these cells compared to those that do not (non-responders) (44). Importantly, a reduction of MDSCs in the blood also predicts better progression-free survival after neoadjuvant ipilimumab treatment (45).

Finally, the potential consequences of immune-checkpoint inhibitor administration such as the cytotoxic effect as well as local and systemic inflammation should be considered (71). These events are frequently associated with alterations in peripheral blood leukocytes that can be highlighted by evaluating the neutrophil-to-lymphocyte ratio (NLR) (71). Various studies have highlighted that in patients with unresectable stage III-IV melanoma, elevated NLR at baseline was associated with worse overall survival, progression-free survival, and clinical response following ipilimumab and nivolumab treatments (46, 72). Altogether the findings reviewed in this paragraph strongly suggest that liquid biopsies based on the evaluation of cellular and non-cellular elements may be valuable tools in predicting response to immunotherapy in melanoma to the same extent as compared to ctDNA. The results described in this paragraph are schematically summarized in Table 1.



Non Coding RNAs (ncRNAs)

Over the last two decades ncRNAs have emerged as key players in the development of human cancers as well as in the establishment of resistance to several anticancer treatments (73–75). In this review, we will not discuss their biological roles as this topic has already been widely discussed in outstanding recent reviews (76, 77).

It is important to point out tha9t the development of ncRNA signatures in the blood is a more challenging field of research as compared to the other biomarkers already described in the previous sections. Some of the main limitations are due to three issues: 1) their low abundance in body fluids; 2) the difficulty in normalizing the results as there are no suitable endogenous ncRNAs that can be used as “housekeeping” reference analytes at the moment and 3) the great intra-patient variability limiting the possibility of finding consistency between biomarkers identified in different studies (78). However, it has to be considered that thanks to their great stability in body fluids, ncRNAs are emerging in several studies as novel potential biomarkers. A large part of these studies focused on the most abundant class of ncRNAs, namely microRNAs (miRNAs). The stability of these molecules in the blood is preserved by their association with proteins such as AGO1/AGO2, proteolipid complexes and above all extracellular vesicles (EVs) (79, 80).

EVs are broadly classified into four subtypes based upon vesicle size: 1) exosomes (30-150 nm), 2) microvesicles (50-1000 nm), 3) large vesicles (>1000 nm) and 4) apoptotic bodies (>1000 nm) (81). As to metastatic melanoma, most studies have assessed the role of miRNAs as predictors of response to targeted therapies in BRAF-mutant patients (82–85). For example, we have demonstrated that a mini-signature composed of four miRNAs, i.e. miR-199b-5p, miR-204-5p, miR-4443 and miR-4488, is able to distinguish drug-sensitive from drug-resistant patients (83). In contrast, much less is known about miRNAs as biomarkers of response to immunotherapy. For some time, the only data available focused on solid biopsies and provided only indirect information about circulating biomarkers. For example, miR-17-5p levels were shown to be anti-correlated with those of PD-L1 in melanoma tissue biopsies from patients resistant to BRAFi or MEKi therapy (86). Likewise, plasma levels of this miRNA were shown to be higher in patients with PD-L1+ tissues as compared to PD-L1- 9lesions. Along the same line, the expression levels of the oncogenic miR-222 were shown to be higher in solid biopsies from melanoma patients who had no clinical benefit from ipilimumab as compared to patients who responded to such therapy (87). These findings suggest that miR-222 could be a biomarker for predicting response to anti-CTLA-4 checkpoint inhibitors. To the best of our knowledge, the first study demonstrating that a signature of circulating miRNAs is potentially able to predict response to immunotherapy in melanoma was performed by Huber and colleagues (47). These authors showed that a set of 8 miRNAs, i.e. miR-146a, miR-155, miR-125b, miR-100, let-7e, miR-125a, miR-146b, miR-99b are significantly higher in the plasma of patients who did not respond to immunotherapy (i.e. ipilimumab or nivolumab) as compared to responders. Interestingly, the same study also demonstrated that this signature of miRNAs correlated with increased levels of MDSCs in the blood of non-responding patients (47). The subpopulation of immune cells represents a major obstacle to effective immunotherapy in melanoma and is considered a valuable biomarker of response as well (see previous section). Afterwards, miRNA contents of melanoma-derived exosomes were correlated with response to immunotherapy. In taking advantage of flow cytometry and microscopy techniques, it was demonstrated that CD8+ T cells actively internalize specific miRNAs carried by melanoma exosomes (48). Among them, miR-3187-3p, miR-498 and miR-181a/b were found to be able to regulate TCR signaling and TNFa secretion reducing immune response against the tumor. These findings suggest that those miRNAs could be measured in the blood and potentially correlate with the response to immunotherapy in melanoma. Along the same line, a recent comprehensive transcriptomic profiling performed on plasma-derived extracellular vesicles (EVs) from 50 patients with metastatic melanoma underwent immunotherapy and were divided into responders (n= 33) and non-responders (n= 17) (49) 9. Results demonstrated that EVs deriving from non-responding patients are enriched for transcriptional signatures belonging to immune- and tumor-related pathways such as CD1A, MAP2K4, TRBV7-2 and IGFL1. In regards to the miRNA content, authors found some miRNAs enriched in the EVs from non-responding patients, such as miR-551a; in contrast, other miRNAs such as miR-4519 and miR-4674 were enriched in the EVs derived from responding patients (49). Finally, a pilot study identified a signature composed of three circulating miRNAs, namely miR-4649-3p, miR-615-3p and miR-1234-3p as potentially capable of distinguishing melanoma patients who better respond to immunotherapy (ipilimumab, nivolumab, pembrolizumab, or the combination of ipilimumab and nivolumab as first line therapy) (50). In particular, the levels of these miRNAs significantly decreased in the post-treatment samples derived from patients who had a complete response (CR) as compared to patients who progressed from immunotherapy. Interestingly, the increased levels of one of these miRNA, i.e. miR-615-3p showed a superior statistic capability in predicting PD in post-therapy plasma samples as compared to LDH levels (50).

Unlike miRNAs, the other classes of ncRNAs have not been studied as much as circulating biomarkers that predict cancer management and response to therapy. Emerging findings indicate that long non coding RNAs (lncRNAs) and circular RNAs (circRNAs) may be involved in resistance to immunotherapy because they regulate immune cell-specific gene signatures that mediate immune escape (11, 88, 89). However, up until now no studies have investigated their deregulation in liquid biopsies as predictors of response to checkpoint inhibitors in melanoma. So far only one study has tried to correlate lncRNA alterations to the prediction of immunotherapy response. This study used 9data available from The Cancer Genome Atlas (TCGA) belonging to bladder cancer and melanoma patients treated with immunotherapy for identifying lncRNA profiles associated with immune response (89). These bioinformatics analyses led to identifying a signature composed of 49 lncRNAs that are potentially capable of distinguishing cancer patients who benefit from immunotherapy. Among them, the low expression levels of a specific lncRNA, called NKILA were found to be able to distinguish patients who respond to immunotherapy as compared to those that do not (non-responders). These initial findings warrant future validation in additional confirmatory studies.

Altogether the results of this section highlight the potential role of ncRNAs as predictors of response to immunotherapy in melanoma. However, it is evident that compared to CTCs and ctDNA for example, their development as robust biomarkers is still in its infant stage.

The main findings described in the above paragraphs are schematically summarized in Table 1.



Final Considerations

One major therapeutic breakthrough over the past ten years in medical oncology has been the introduction of immunotherapy with checkpoint inhibitors targeting CTLA-4 and PD-1/PD-L1 axis (7). After its initial suc9cess in the treatment of metastatic melanoma, the clinical application of checkpoint inhibitors has rapidly spread to the majority of cancer cases with varying degrees of success. Among several cancer types, melanoma remains one of the most positively impacted by the use of these molecules, most likely because of its high mutational rate as well as to the frequent generation of an inflammatory microenvironment which together help establish appropriate conditions for the immune-system to respond (90, 91). In stage IV melanoma, five year overall survival rates obtained with the combination of ipilimumab and nivolumab are currently up to 52% (92). Three Phase III combination studies in the subset of patients with BRAF V600 mutation using a BRAF plus a MEK inhibitor and immunotherapy with anti-PD-1 or anti-PD-L1 have been carried out (93–95). Although we have not yet obtained data about long term outcomes from these studies, in two out of three trials, progression free survival did not improve in the combo therapy arm of immunotherapy plus targeted therapy over targeted therapy alone and in the third trial there was a modest improvement. Hence, the issue still remains that a significant proportion of patients do not benefit from existing therapies both alone or in combination.

Significant efforts are being devoted to understanding the biological and immunological basis of drug resistance and several clinical trials are being conducted with combinations of additional checkpoint inhibitors i9n the attempt to improve response rates (94, 95). At the same time, it is important to develop biomarkers capable of identifying responders from non-responders to current therapy. The main reasons being the elevated costs and the high rate of serious immunological adverse events, in particular those observed with the combination of anti-CTLA4 and anti-PD-1/anti-PD-L1 antibodies (10). In this regard, a significant contribution has been provided by the discovery that the combination of interferon signature and mutational burden in tumor biopsies is a better, albeit not absolute predictor, of response than the simple detection of PD-L1 (96). In principle however, an ideal predictive biomarker should have the following features: a) require minimally invasive procedures to be measured, b) allow real-time longitudinal monitoring during the course of therapy and c) be easy to be measured and standardized. LBs using blood samples provide the ideal solution (Figure 2). This approach has the potential to overcome the shortcomings of repeated re-biopsies of tumors that are often difficult to obtain (97). Furthermore, the issue with sensitivity of liquid biopsies has been solved thanks to major technological advancements reached in the last few years. As it has been reviewed in this paper, several analytes can be detected in the blood: 1) nucleic acids like ctDNA and ncRNAs, 2) cellular elements like CTCs and immune cells and 3) soluble factors like cytokines and enzymes. Clinical data are more mature with ctDNA based assays and is relevant to consider that a ctDNA assay based on the simultaneous measure of 16 different patient-specific tumor mutations in the blood, has recently been approved in the US by Medicare to monitor minimal residual disease in Stage II and III colorectal cancer and to guide therapeutic decisions (Signatera™ MRD Test) (98, 99). Very promising data have been obtained using the same technology for predicting response to pembrolizumab in patients with various solid cancers (31). Hence, we may expect in future years a prominent increase in ctDNA validation studies and registratio9n of several blood based assays. The outcome of these studies will allow to set up new companion diagnostics able to direct/guide precision medicine in oncology.




Figure 2 | Schematic representation of liquid biopsy sampling.
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