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Introduction

Le mélanome cutané malin est un cancer développé à partir de mélanocytes, des cellules, dérivées des crêtes neurales et productrices d'un pigment cutané, la mélanine. Suite à différentes mutations (possiblement induites par des agents mutagènes tels que les UV), ces cellules acquièrent, lors du processus de cancérisation, différentes caractéristiques telles qu'une immortalité, une instabilité génétique, une dérégulation du cycle cellulaire, une perte du rétrocontrôle négatif, une capacité de stimulation de l'angiogenèse, une résistance vis-à-vis du système immunitaire ainsi qu'une transformation mésenchymateuse permettant la migration de ces cellules et la formation de métastases 1 (figure 1). Concernant le taux de mortalité, celui-ci a légèrement augmenté entre 1990 et 2018, mais semble s'être stabilisé entre 2010 et 2018, probablement grâce à la mise en place de nouvelles lignes thérapeutiques. 3,4 Le mélanome est un cancer qui peut revêtir différentes formes : SSM (superficial spreading melanoma), acrolentigineux, desmoplastique, mélanome de Dubreuilh et même muqueux ou uvéal. Il existe différents facteurs de risque dont le principal est l'exposition aux UV naturels ou artificiels. On distingue les UVB, qui sont très génotoxiques, mais aussi les UVA qui le sont moins, mais sont présents en beaucoup plus grande quantité (1000 fois plus). Cette exposition aux UV induit des mutations principalement sur la voie de prolifération cellulaire MAPK (mitogen activated protein kinase) comme NRAS (NRAS proto-oncogene GTPase) et BRAF (B-Raf proto-oncogene serine/threonine-kinase (Val600Glu)) mais également sur la protéine P53, gardienne du génome et responsable de l'intégrité de ce dernier. Il est bien connu que le mélanome est un des cancers avec une des charges mutationnelles les plus importantes 5 . Les mélanomes acro lentigineux et muqueux quant à eux, sont peu ou pas en lien avec l'exposition solaire et aux UV et sont donc porteurs d'une charge mutationnelle moins importante. On peut néanmoins y retrouver des mutations de cKIT (mélanome acro lentigineux et muqueux) ou de GNAQ dans les mélanomes uvéaux. 6 Les autres facteurs de risque de développer un mélanome sont l'immunosuppression 7 , un nombre important de naevis 8 , des antécédents familiaux de mélanome (10% des mélanomes, dont 30% sont en lien avec une mutation du gène CDKN2A) 9 et l'obésité 10 .

Le pronostic du mélanome est très variable en fonction du stade au diagnostic. En effet, différents marqueurs tels que l'indice de Breslow (qui correspond à l'épaisseur du mélanome), l'index mitotique, la présence d'ulcération, le type histologique du mélanome et le statut du ganglion sentinelle permettent de déterminer les patients à risque de récidive métastatique. 11 Ainsi, selon la 8 ème édition de la classification AJCC (American Joint Committee on Cancer), le taux de survie à 5 ans pour un stade 1 et 2 (qui représentent 83 % des mélanomes au diagnostic) est excellent: de plus de 99 %. En revanche, cette espérance de survie chute à 68 % pour les stades III et 29.8 % pour les stades IV, avec respectivement 13 % et 4% des mélanomes au diagnostic. 3 A partir de 2011, le mélanome métastatique non résécable a bénéficié de révolutions thérapeutiques permettant une nette amélioration de l'espérance de vie médiane, passant pour un stade métastatique de 6 mois à plus de 2 ans. Cette amélioration de la survie est liée à l'utilisation d'immunothérapie ciblant les inhibiteurs de checkpoints immunitaires. Ainsi, l'anticorps anti-PD1 (nivolumab) permet de restituer une activité anti CD8 fonctionnant d'autant mieux que le mélanome possède une charge mutationnelle importante. Ces traitements permettent d'obtenir un taux de survie à 5 ans proche de 44% avec un bon profil de tolérance et des rémissions parfois prolongées. L'utilisation d'une double immunothérapie par anti-PD-1 et anti-CTLA (nivolumab et ipilimumab respectivement) permet d'améliorer encore ce chiffre, au prix d'effets indésirables dysimmunitaires plus importants. 12 Des perspectives sont en cours actuellement avec l'ajout d'un anti LAG3 au nivolumab, permettant de meilleurs résultats comparativement au nivolumab seul, avec une toxicité qui semble moindre par rapport à la double immunothérapie ipilimumab + nivolumab. 13 L'autre révolution thérapeutique consiste en l'utilisation de thérapies ciblées visant des mutations particulières retrouvées dans les cellules du mélanome, BRAF et MEK. La mutation BRAF est présente dans environ 40 à 50% des mélanomes, et concerne des patients plus jeunes.

La mutation BRAF V600E (remplacement d'une valine par un acide glutamique en position 600) est de loin la plus fréquente (80%), suivie de la mutation V600K. La mutation de la protéine NRAS est la seconde plus fréquente dans les cellules de mélanome, retrouvée dans environ 28% des cas. 14 Ces mutations induisent une activation constitutive de la voie RAS -MAPK impliquée dans la prolifération cellulaire en réponse à la fixation de facteurs de croissance sur leurs récepteurs transmembranaires. En effet, les protéines BRAF ou NRAS étant mutées et donc activées en permanence, induisent une cascade de signalisation aboutissant à la transcription de facteurs responsables de la survie cellulaire, de l'invasion, de l'hypermétabolisme et de la prolifération, indépendamment de la fixation d'un facteur de croissance sur son récepteur. L'insuline growth factor 1 (IGF-1) est un facteur de croissance qui une fois lié à son récepteur à activité tyrosine kinase, l'insuline growth factor 1 receptor (IGF1R), entraine l'activation de plusieurs cascades de signalisation (MAPK, PI3K), impliquées dans la prolifération et la survie cellulaire. Des études montrent que les cellules tumorales et leur microenvironnement produisent de l'IGF1, responsable, par un mécanisme autocrine, de leur prolifération. 23 La voie de signalisation médiée par l'IGF1 pourrait donc être un des mécanismes 

Introduction

Melanoma is a rare skin cancer (10% of all skin cancers, about 15 000 new cases in France in 2018) that occurs around 60 years old. However, melanoma is responsible for 80% of skin cancer's death (about 2000 death each year in France). 1 Unlike other cancers, melanoma's incidence is still growing, increasing 5-fold in men and 3fold in women between 1990 and 2018. It is one of cancers with the highest increase of incidence. It could be explained by the aging of our society but also by an increase in sun exposure. 2 Indeed, thanks to awareness campaigns about risks of sun exposure, the incidence is increasing more slowly. 3 With regard to mortality, melanoma is a particularly aggressive cancer because of its resistance to chemotherapy, its tendency to rapidly metastasize and its aggressive clinical behaviour.

Mortality increased between 1990 and 2018 but appears to be stable between 2010 and 2018, likely due to improved patient management 4 .

First, there is a better screening due to public awareness of melanoma 5 . In addition, new advances in imaging technologies have improved diagnosis accuracy and lead to diagnose melanoma at an early stage, making it easier to treat and with less risk of recurrence. These technologies could be used as primary prevention (dermoscopy or others technologies 6 ) or secondary prevention (especially, early diagnosis of melanoma in high-risk population, such as population harboring CDKN2A mutation) with whole body photography 7 .

Moreover, in recent years, significant progress has been made in the melanoma's treatment. In 2011, the discovery of immunotherapy (based on anti PD-1 or anti PDL-1 to target immune checkpoints and restore anti-tumor activity) represented a significant advance in melanoma treatment. Particularly, the combination of two immunotherapies (ipilimumab and nivolumab, an anti CTLA4 and an anti PD-1 respectively) have led to a higher overall survival (about 44% at 5 years) with an acceptable tolerability, apart from some dysimmunity effects. 8 Another major advance was the targeted therapy's development, which consists of the combination of an anti-BRAF and an anti-MEK. These treatments are used in BRAF V600mutated melanoma (representing about 40 to 50 % of melanoma). 9 These mutations lead to a constitutive activation of the RAS-MAPK signalling pathway, which induces cell proliferation, tissue invasion, and hypermetabolism without the need for growth factors. The aim of targeted therapy is to block this signalling pathway to stop melanoma proliferation. 10 However, despite these treatments advances 11 , melanoma's resistance, leading to treatment failure, is common and the 3 years overall survival is only about 40% for metastatic melanoma. 12 Indeed, most patients have a rapid and significant initial response to targeted therapy but after few months, melanoma acquires resistance 13 . It is therefore crucial to find markers that can rapidly predict resistance, helping clinicians to best adapt treatment.

Moreover, in recent years, adjuvant therapies (with immunotherapy or targeted therapy) are used in resected stage III or IV melanoma after surgery, to reduce the risk of recurrence. 14 Some trials are in progress to demonstrate the benefit of adjuvant therapies in stage II melanoma. 15 Thus, it could be interesting to have an easy-to-use marker to determine a high-risk group in which adjuvant therapies could have significant benefit.

The Insulin Growth Factor 1 (IGF-1) is a protein mainly produced by the liver that binds to a transmembrane receptor, IGF-1 receptor (IGF-1R), expressed throughout the body. The binding of IGF-1 to IGF-1R leads to activation of signalling pathways such as MAPK and PI3K, which induce cell proliferation required for development. 16 Alterations in these signalling pathways are also known to play an important role in the development of metastatic tumors and their progression to a malignant phenotype, as well as in aberrant cell proliferation and resistance to apoptosis 17,18 .

IGF-1R is often associated with aggressive tumors, including melanoma, and resistance to therapy. Overexpression of IGF-1R in tumors is significantly correlated with lower survival rates in uveal melanoma. 19 Several studies have highlighted the role of IGF1 produced by cancer cells and the tumor microenvironment in tumour cell proliferation. [20][21][22] Furthermore, serum IGF-1 levels are higher in patients with melanoma than in healthy subjects. This level further increases as tumors progress to metastatic stage. 23 IGF-1 and its receptor is often associated with aggressive tumors, including melanoma, and resistance to therapy. 21,24 IGF-1 and its receptor IGF-1R could thus be involved in the melanoma's resistance to targeted therapy.

In this context, we conducted a prospective clinical study upon the IGF-1 level in serum of melanoma patients at diagnosis and during treatment with targeted therapy. Our goal was to investigate a potential link between serum IGF-1 level and melanoma stage or progression. We also wanted to study the serum IGF-1 level's evolution in response to targeted therapy in patients with metastatic melanoma, to determine if IGF-1 could be a predictive marker of response/resistance to these treatments.

We therefore decided to use a relative value using first IGF-1 measurement at beginning of the targeted therapy as a reference.

In the second set, we performed matched-pairs analysis for the two groups "response to treatment" and "progressive disease" at five different points. For the "progressive disease" group, we used individual levels of serum IGF-1 at progression and values at 3, 6, 9 and 12 months before. For the "response to treatment" group, we used the last individual known levels of serum IGF-1 during response to treatment and values at 3, 6, 9 and 12 months before. Levels were compared as individual personal trend. We normalized serum IGF-1 levels using the earlier value as the reference for each patient.

Statistical analysis

All analyses were performed using GraphPad Prism 8.4.3 software (GraphPad Software Inc.).

Statistical comparisons of relative values of IGF-1 in each group were conducted with the

Kruskal-Wallis test with Dunn's multiple comparisons post-hoc test to compare evolution.

Statistical comparisons between groups were determined by two-way ANOVA with

Bonferroni's multiple comparisons post-hoc test.

Results

Patients' characteristics and serum IGF-1 level at diagnosis

The main characteristics of the 205 patients are shown in this data is only analysed when the sentinel node is positive. Among the remaining 73 patients, 56% (n=41) had a BRAF mutated melanoma.

The median serum IGF-1 level is 136 ng/mL (range 32-299 ng/mL) (Table 1 and Figure 1a).

Almost all the patients are within normal ranges. Only 7 patients have IGF-1 levels below the lower normal ranges (2 in stage I, 1 in stage II, 3 in stage III, and 1 in stage IV), and 4 patients have IGF-1 levels above the upper ranges (1 in each stage).

Serum IGF-1 levels were stratified for BRAF mutation, stages, metastases, Clark and Breslow indexes (Figure 1). No significant differences between serum IGF-1 values and BRAF status, stage at diagnosis, presence or absence of ulceration, Breslow index, or results of sentinel node were observed (Figure 1).

We also compared the initial serum IGF-1 levels between the group of patients which did not progress during the follow-up (78 % of the patients, n=160) to the group that has progressed (disease relapse, metastasis appearance or growth; 22% of the patients, n=45).We did not find any significant differences between these two groups (Figure 2). 

Changes in serum IGF-1 from diagnosis to progression

For the 45 patients who have a progression during the follow up, 8 patients had a second serum IGF-1 assay at the time of disease progression. We can therefore compare evolution of IGF-1 levels between initial serum IGF-1 levels and the ones measured during the progression (the patients were only followed during this interval, initially they had surgery and they did not require systemic treatment). Serum IGF-1 levels increased between the initial measurement and the measurement at the time of progression in 5 patients, while it remained stable in 2 patients and decreased in 1 patient (data not shown).

Analysis of serum IGF-1 levels in patients treated with targeted therapies a) Cohort description

We studied the evolution of serum IGF-1 over time in 28 patients treated by targeted therapy.

The main characteristics of these patients are shown in Table 2. Patients had a median age of 66 years. Three of them had stage III melanoma and received targeted therapy as an adjuvant treatment. The others were in first, second or third line treatment with targeted therapy. 61% of patient (17 patients) had melanoma progression during the follow up, with a median time to progression of 9 months.

Characteristics of patients n = 28

Age in years; median (range) 66 (35-87)

Gender

Male n (%) 15 (54%) Female n (%) 13 (46%) Breslow Index in mm; médian (range) 2,9 (0.35-11) Missing n = 9

Ulceration

Yes n (%) 12 (63%) No n (%) 7 (37%) Missing n = 9

Stage

III n (%) 3 (11%) IV n (%) 25 (89%)

Therapeutic line

Adjuvant n (%) 3 (11%) 1st n (%) 16 (57%) 2 nd n (%) 4 (14%) 3rd n (%) 5 (18%)

Number of patients with progression n (%) 17 (61%)

Median of time of progression in months; median (range) 9 (3-24) b) Analysis of serum IGF-1 changes over time of treatment Rapidly, during the first month of treatment, regardless of whether melanoma progressed or not, serum IGF-1 level decreased in most patients (Figure 3). This suggests that targeted therapy have an impact on IGF1 expression level and a rapid action. Then, it remains quite stable for the "adjuvant group" and the "response to treatment" group (with a slight decrease). However, in the "progressive disease" group, from 12 months after the beginning of targeted therapy, serum IGF-1 levels seem to increase.

c) Analyses of serum IGF-1 level prior to progression

Our goal was to determine if IGF1 level analysis could be a marker of response/resistance of melanoma to treatment. We therefore analysed the variation in IGF1 level in patients before progression of their melanoma (Figure 4).

For patients with partial or complete response, the mean serum IGF-1 level remained globally stable or decreased slightly (Figure 4A). We observed a mean decrease of 6% in serum IGF1 over 3 months. In 73% of patients, we observed a decrease in serum IGF1 level at 3 months.

The same trend was observed at 6, 9 and 12 months. However, there was no statistically significant change (Kruskal-Wallis with Dunn's multiple comparisons test, p=0.19). In contrast, for patients with progressive disease, mean serum IGF-1 levels increased at all analysis times (Figure 4B). We observed a mean increase of 28% in serum IGF1 level at the progression's time when compared to IGF-1 levels 3 months before. Eighty percent of patients (8/10 patients) had a significant increase of serum IGF-1 during the last 3 months before progression (Kruskal-Wallis with Dunn's Multiple comparisons test, p = 0.03). When compared to IGF-1 values 6 months before progression, results were the same, with a mean increase of serum IGF1 of 21% for 78% of patients (7/9). The same trend was observed when compared to IGF-1 levels at 9 or 12 months before progression, with a mean increase of 37% for 80% of patients (4/5), and of 33% for 83% of patients (5/6), respectively. The evolution of serum IGF-1 levels was significantly different between the patients group who responded to treatment and the patients group who had disease progression under targeted therapy at 3 (p = 0.005), 6 and 9 months (p = 0.02) (Figure 5).

Exclusion of three patients treated with adjuvant targeted therapy from statistical analysis did not change results. Two patients died rapidly, within the first six months of treatment, due to melanoma progression. We do not have scan assessment (due to worsening general health) but in both patients, we found a decrease in serum IGF-1 level (100 to 85 ng/mL and 45 to 31 ng/mL).

Seven patients had significant metastases size progression (bone, lung, liver, subcutaneous, peritoneal and/or lymph node). In these patients, there was a significant increase in serum IGF- 

Discussion

In the first part of this study, we do not find any significant changes of serum IGF-1 initial level according to Breslow thickness, stage, sentinel node, BRAF status or future progression.

However, another work has found a significant increase of serum IGF-1 proportional to tumor thickness (Breslow index) and if the sentinel node was positive 23 . It was also shown that serum IGF-1 levels significantly increased in patients with melanoma compared to healthy subjects (154 ng/mL vs 111,2 ng/mL). Conversely, another study [START_REF] Santonocito | Insulin-like growth factor I (CA) repeats are associated with higher melanoma's Breslow index but not associated with the presence of the melanoma. A pilot study[END_REF] has shown a serum IGF-1 level decreased in patients with melanoma (117 ng/mL versus 135 ng/mL in healthy subjects). In our trial, the mean value of serum IGF-1 level (136 ng/mL) in melanoma patients is quite at middle of these values. These differences of results between studies could be explained by an important variation of serum IGF-1 levels. Indeed, IGF-1 varies with age, sex (and hormonal status), size, body mass index, presence of insulin resistance, or kidney and hepatic function. [START_REF] Chanson | Reference Values for IGF-I Serum Concentrations: Comparison of Six Immunoassays[END_REF] These same factors can also explain why serum IGF-1 level seems to decrease during the first month of treatment regardless treatment's response. Indeed, after melanoma announcement, most of patients have weight loss, not imperatively directly link with melanoma, but rather with a psychological trauma. In this context, weight loss due to anorexia may explain this decrease. [START_REF] Peixoto Da Silva | Cancer cachexia and its pathophysiology: links with sarcopenia, anorexia and asthenia[END_REF] It can also be explained by rapid action of targeted therapy, showing the almost immediate action of the treatment, by decreasing the tumoral synthesis of IGF-1.

Others trials also studied the correlation between the evolution of serum IGF-1 level and melanoma progression, especially in choroid melanoma. Egan et al [START_REF] Egan | Role of insulin-like growth factor (IGF)-I in the progression of choroidal melanoma[END_REF] in 2000 or Frenkel et al [START_REF] Frenkel | Insulin-like growth factor-1 as a predictive biomarker for metastatic uveal melanoma in humans[END_REF] in 2012 do not find any significant differences between serum IGF-1 of patients with metastatic and non-metastatic choroid melanoma (perhaps due to the frequent hepatic metastases).

However, they show that initial IGF-1 levels are higher in patients whom melanoma will become metastatic than patients without future metastatic progression.

Other studies also showed this correlation in other cancers. For example, a high initial serum IGF-1 level is a good prognostic factor in the context of colorectal cancer [START_REF] Fuchs | Plasma insulin-like growth factors, insulinlike binding protein-3, and outcome in metastatic colorectal cancer: results from intergroup trial N9741[END_REF] , contrary to what is observed in previous studies in melanoma. However, they find, like us, an increase of serum IGF-1 between 12 to 6 months before metastasis progression.

Due to our little number of patients, we cannot draw conclusions about a link between the localisation of metastasis progression and serum IGF-1 levels. Nevertheless, the serum IGF-1 level seems to decrease in patients who have a rapid lethal evolution of melanoma, probably due to an important degradation of general status with an important weight loss. Besides, for the most of patients (6/7 patients) who have an important tumor mass, with multiple metastases, serum IGF-1 levels seem to increase a lot, probably due to this important tumor mass where a lot of IGF-1 could be produced by tumor cells or by tumor microenvironment. With this hypothesis, we can think that isolated brain progression, which correspond generally to a little tumor mass, have a small IGF-1 increase. In our cohort, we cannot really conclude on this because three of them have an increase value of IGF-1, two remain stable and one decreases.

Moreover, we can also suppose that hepatic progression can lead to a decrease or a lack of increase in patients. Indeed, liver is the main organ which products physiologically IGF-1.

Therefore, if there is a dysfunction due to metastases located on the liver, this could result to a decrease of physiological IGF-1. In our cohort, we have only two patients with hepatic progression (one increase and one decrease).

There is a possibility that the total serum IGF-1 level does not reflect its level in tissue [START_REF] Fleming | Expression of insulin-like growth factor I (IGF-I) in nevi and melanomas[END_REF] that could explain absence of serum IGF-1 modification, or the little increase find in our study.

Resistance to targeted therapy has already been studied and the most common resistance is the reactivation of the MAPK pathway or the activation of alternative signalling pathways [START_REF] Samatar | Targeting RAS-ERK signalling in cancer: promises and challenges[END_REF] .

therapies was analysed. Indeed, we find a significantly increase of serum IGF-1 levels 3 months before a resistance to targeted therapy. As we know, immunotherapy is not immediately efficient, so an early detection of resistance to targeted therapy can be useful for an improved management of patients. We may study this finding in a larger cohort to confirm that serum IGF-1 levels evolution can be a prognostic marker of resistance to targeted therapy. This marker could be as another blood biomarker, the circulating tumor DNA, which is a good predictive biomarker of clinical outcome with targeted therapy [START_REF] Syeda | Circulating tumour DNA in patients with advanced melanoma treated with dabrafenib or dabrafenib plus trametinib: a clinical validation study[END_REF] . Finally, targeting IGF-1 pathway could be a new therapeutic alternative for melanoma. Some works already study the rational for cotargeting IGF1R (with figitumumab) and BRAF/MEK in melanoma [START_REF] Suleymanova | Enhanced response of melanoma cells to MEK inhibitors following unbiased IGF-1R downregulation[END_REF] .

Introduction

Melanoma is a rare skin cancer (10% of all skin cancer, about 15 000 new cases in France in 2018) that occurs around 60 years old. However, melanoma is responsible for 80% of skin cancer's deaths (about 2000 deaths each year in France). 1 Unlike other cancers, the incidence of melanoma is still growing, increasing 5-fold in men and 3-fold in women between 1990 and 2018. It is one of the cancers with the incidence that increases the most. It could be explained by the aging of our society but also by an increase in sun exposure. 2 Indeed, thanks to awareness campaigns about the risks of sun exposure, the incidence is increasing more slowly. 3 In terms of mortality, melanoma is a particularly aggressive cancer because of its resistance to chemotherapy and radiotherapy, and its tendency to rapidly metastasize. Mortality increased between 1990 and 2018 but it appears to be stable between 2010 and 2018, likely due to improved patient management. 4 However, despite these advances, 3 years overall survival for patients with metastatic melanoma is only about 40%. 5 In recent years, significant progress has been made in the treatment of melanoma. Particularly, in 2011, the discovery of anti PD-1 or PDL-1 targeting immune checkpoints open the way to new therapeutic strategies restoring immune anti-tumor activity. The combination of 2 immunotherapies (ipilimumab (anti CTLA4) + nivolumab (anti PD-1), an anti CTLA4 + anti PD-1) have led to a higher overall survival (about 44% at 5 years) with an acceptable tolerability, apart from some dysimmunity effects. 6 Another major advance was targeted therapy, which consists of the combination of an anti-BRAF and an anti-MEK. These treatments are used in BRAF V600-mutated melanoma (about 40-50 % of melanoma harbor a somatic activating BRAF mutation 7 , the most common being the V600E (70-88%) 8 ). This mutation leads to a constitutive activation of the RAS-MAPK signalling pathway, which induces cell proliferation, tissue invasion, and hypermetabolism without the need for growth factors. The aim of targeted therapy is to block this signalling pathway to stop melanoma proliferation. 9 However, despite these advances in treatments 10 , melanoma resistance to therapies is common.

It is therefore critical to find new therapeutic approaches to improve the management of patients with advanced melanoma.

Olaparib is an anti-PARP (poly ADP-ribose polymerase) drug, commonly used in the treatment of breast and ovarian cancers. PARP is an enzyme required for the repair of single-strand breaks in DNA 11 , which is important for cell survival. PARP inhibitors are used for the treatment of tumors harboring mutations in BRCA 1/2, which are implicated in homologous recombination repair mechanisms 12 . Gene mutations in homologous recombination repair are present in 20-30 % of melanoma, suggesting that PARP inhibitors could be used in melanoma : for example, a study already shows the benefits of PARP inhibitors in association with immunotherapy 13 .

Here, we report the case of a patient with a metastatic melanoma, harbouring both BRAF mutation and ATM deletion, who had a positive response to olaparib in combination with dabrafenib and trametinib. To our knowledge, this is the first time that this combination of targeted therapies was used. inducer of cytochrome P3A4, which is the main metabolizer of olaparib 16 ), we reduced dabrafenib (anti-BRAF) from 300 mg to 200 mg per day and we continue the trametinib (anti-MEK) at 2 mg per day. The general health status improved significantly (WHO 1) and rapidly (two weeks) after the beginning of this treatment. In June 2021, the CT scan assessment showed stability of the various metastases with no new metastases (Figure 1). During almost one year, we resumed the same treatment, allowing disease stability and a good general health status (she lived like a person without illness) with excellent tolerance of the treatment. Unfortunately, after 11 months of treatment, the patient's general health deteriorated and the CT scan assessment showed an overall progression of melanoma. A CDKN2A deletion and an ALK mutation have been identified in a second time through pan genomic analysis of the tumor (AURAGEN French trial). Thus we stopped olaparib, continued dabrafenib and trametinib and tried to add a treatment with palbociclib regarding a deletion of CDKN2A, without any improvement, followed by a treatment with crizotinib regarding the ALK mutation, for only a few days without any effect. Finally, the patient died as a result of this progression. Homologous recombination deficiency is mainly due to BRCA1 and BRCA2 mutations.

However, there is a wide range of other non-BRCA DNA repair genes associated with homologous recombination deficiency, including but not limited to ARID1A, ATM, PALB2, CHEK2, FANCA. 21 In melanoma, mutations of these genes are quite common, ranging from 18 % to 41 % depending on the study 21,22 . Moreover, our in vitro studies on melanoma cell lines showed that PARP1 expression increases in melanoma cells that resist to BRAF and MEK 58 inhibitors (Figure 3). Indeed, A375 resistant cells expressed higher level of PARP1 than sensitive cells. The combination treatment with anti-BRAF and anti-MEK had no effect on the expression of PARP1. In the SKMel28 model, the expression of PARP1 was quite similar in sensitive and resistant cells. However, there was a dramatic increase of PARP1 expression in resistant cells treated with a combination of anti-BRAF and anti-MEK. These in vitro results

suggest that PARP could have an important role in the development of resistance to targeted therapy. Therefore, the targeting of PARP would be a good therapeutic option in this situation. 

RÉSUMÉIntroduction

  : le mélanome est un cancer cutané rare (10% des cancers cutanés) mais responsable à lui seul de 80% des décès par cancer, soit 2000 décès par an en France. Depuis 2011, plusieurs progrès thérapeutiques ont été réalisés, notamment l'utilisation d'immunothérapies (checkpoint inhibitors), de thérapies ciblées anti-BRAF et anti-MEK, ainsi que l'utilisation de ces traitements en adjuvant. Malgré cela, des progrès restent à réaliser afin de mieux identifier les patients à risque de développer un mélanome agressif ou une récidive.Une découverte précoce d'un échappement au traitement, notamment à la thérapie ciblée, permettrait de donner toutes les chances au nouveau traitement de fonctionner. De plus, mieux comprendre les mécanismes de résistance aux traitements permettrait de trouver des alternatives thérapeutiques. L'insulin growth factor-1 (IGF-1) est un facteur de croissance entrainant l'activation de cascades de signalisation impliquées dans la prolifération et la survie cellulaire. Des recherches ont montré que les cellules du mélanome et le microenvironnement tumoral produisent de l'IGF-1 qui, par un mécanisme autocrine ou allocrine, entraine une prolifération du mélanome et pourrait être un des mécanismes d'échappement à la thérapie ciblée anti BRAF / anti-MEK. De son côté, PARP est une enzyme nécessaire à la réparation de l'ADN et est déjà une cible thérapeutique dans certains cancers, notamment de l'ovaire. Dans un premier article, nous essayerons de mettre en évidence un lien entre le taux d'IGF-1 sérique initial et le stade initial du mélanome. Nous analyserons également l'évolution du taux d'IGF-1 chez les patients traités par thérapie ciblée pour voir s'il pourrait être un marqueur d'échappement au traitement. Dans un second article, nous rapporterons le cas d'une patiente atteinte d'un mélanome métastatique, devenue résistant à la thérapie ciblée anti-BRAF / anti-MEK et ayant bien répondu à l'association anti-BRAF, anti-MEK et anti PARP. Matériel et méthode : Dosage du taux d'IGF-1 sérique chez 205 patients au cours de la prise en charge initiale pour un mélanome dans le service de dermatologie au CHU Grenoble Alpes Université (CHUGA). Nous avons ensuite comparé ces taux en fonction de différents sousgroupes (Breslow, stade, progression au cours du traitement…). Nous avons également dosé l'IGF-1 sérique avant l'introduction d'une thérapie ciblée anti-BRAF / anti-MEK, puis à chaque bilan de réévaluation paraclinique trimestriel chez tous les patients mélanome (29 patients) traités en dermatologie au CHUGA par cette association. Nous avons ensuite observé l'évolution de ces données au cours du temps en fonction de la réponse au traitement (groupe répondeur et groupe progresseur) (test Kruskall Wallis et ANOVA). Concernant l'étude de cas de l'association anti-PARP avec le traitement anti-BRAF / anti-MEK, la patiente, avec un état général très altéré était atteinte d'un mélanome déjà résistant à de nombreuses lignes thérapeutiques, notamment immunothérapie et thérapie ciblée. Elle avait pu bénéficier au cours de son suivi d'une recherche de mutations présentes dans les cellules tumorales circulantes (Roche Foundation One). Celle-ci a permis de retrouver, en plus d'une mutation BRAF déjà connue, une délétion dans le gène ATM, qui code pour une kinase impliquée dans les réparations de l'ADN double brin (spectre BRCAness). Ce spectre de mutations permet dans d'autres cancers (ovaire) l'utilisation d'anti-PARP. Nous avons donc décidé de traiter cette patiente avec une combinaison anti-BRAF, anti-MEK et anti-PARP Résultats : Pour la première partie de l'étude, nous n'avons pas trouvé de différences significatives entre les valeurs d'IGF-1 stratifiés en fonction du statut BRAF, du stade au diagnostic, de l'indice de Breslow, du résultat du ganglion sentinelle ou de la progression future. En revanche, le taux d'IGF-1 augmente significativement durant les 3 mois précédant l'échappement au traitement (en moyenne +28%). Il existe également une différence significative entre les valeurs d'IGF-1 normalisées 3, 6 et 9 mois avant la progression chez les patients progresseurs par rapport aux mêmes valeurs 3, 6 et 9 mois avant le dernier dosage chez les patients répondeurs. L'association anti-PARP avec la thérapie ciblée anti-BRAF et anti-MEK a permis une amélioration rapide de l'état général de la patiente présentant une délétion ATM. Cette combinaison de traitement n'a pas présenté de toxicité et a permis une survie de 11 mois sans progression dans un excellent état général. La patiente a ensuite progressé et est rapidement décédée. Conclusion : L'IGF-1 ne semble pas être un bon marqueur pronostique du mélanome au stade initial, probablement du fait d'une forte variabilité inter individuelle. En revanche, l'étude de son évolution chez les patients traités par thérapie ciblée anti-BRAF / anti-MEK permettrait de diagnostiquer précocement une résistance au traitement, ou en tout cas d'alerter le clinicien sur un risque élevé de progression. Cette observation suggère que l'IGF-1 joue un rôle important dans l'échappement à la thérapie ciblée et pourrait donc être une piste thérapeutique intéressante à explorer. De plus, l'association anti-PARP à la thérapie ciblée de référence anti-BRAF / anti-MEK a permis chez notre patiente devenue résistante à de multiples lignes thérapeutiques, notamment à la thérapie ciblée, un gain de survie non négligeable dans un excellent état général et avec une très bonne tolérance. Des études interventionnelles pourraient donc être envisagées avec l'association de cet anti-PARP avec la thérapie ciblée ou l'immunothérapie utilisées traditionnellement. Liste des abréviations AJCC: American Joint Committee on Cancer ARID: AT-Rich interactive domain ATM: Ataxia Telangiectasia Mutated kinase BRAF: B-Raf Proto-Oncogene BRCA: BReast Cancer gene CDKN2A: Cyclin-Dependent Kinase inhibitor 2A CHEK2: CHEckpoint Kinase 2 CTLA4: Cytotoxic T-Lymphocyte-Associated protein 4 EGFR: Epithelial Growth Factor Receptor FANCA: FANConi Anaemia FLT3: Fms-Like Tyrosine kinase 3 GNAQ: Guanine Nucleotide-binding protein HGF: Hepatocyte Growth Factor IGF-1: Insulin Growth Factor 1 LAG3: Lymphocyte-Activation Gene 3 MAPK: Mitogen-Activated Protein Kinase MITF: MIcrophthalmia-associated Transcription Factor NHEJ: Non-Homologous End Joining NRAS: NRAS Proto-Oncogene PALB2: Partner And Localizer of BRCA2 PARP: Poly (ADP-Ribose) Polymerase PD1: Programmed cell Death 1 PI3K: Phosphoinositide 3-kinases PTEN: Phosphatase and TENsin homolog SSM: Superficial Spread Melanoma TERT: TElomerase Reverse Transcriptase VEGF: Vascular Endothelial Growth Factor WHO: World Health Organization YAP: Y-chromosome Alu Polymorphism
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 1 Figure 1 (d'après 1) : Caractéristiques principales des cellules cancéreuses. Les textes encadrés en périphérie correspondent aux potentielles cibles thérapeutiques en lien avec ces caractéristiques.
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 1 Figure 1, tirée de 15 : A) Fonctionnement normal de la voie MAPK, PI3K-AKT permettant un contrôle

  d'échappement à la thérapie ciblée anti-BRAF anti-MEK par activation d'une voie de prolifération parallèle à la voie BRAF. Dans ce travail, nous verrons dans un premier article si le dosage de l'IGF-1 sérique au moment du diagnostic du mélanome pourrait être un marqueur pronostique sur l'évolution de ce dernier. Nous analyserons également l'évolution du taux d'IGF-1 sérique trimestriel chez les patients traités par thérapies ciblées anti-BRAF anti-MEK afin de savoir s'il peut être un marqueur d'échappement au traitement. Dans un second article, nous tenterons d'explorer de nouvelles pistes thérapeutiques chez les patients devenus résistants à la thérapie ciblée en rapportant le cas d'une patiente chez laquelle nous avons associé un traitement anti-BRAF et anti-MEK à un anti-PARP face à un mélanome muté BRAF présentant également une délétion d'ATM (ataxia-telangiectasia-mutated kinase). IGF-1 serum level as a prognostic marker of targeted therapy response in melanoma: a prospective clinical study Résumé Introduction : Malgré des progrès thérapeutiques récents dans la prise en charge du mélanome, des avancées restent à réaliser afin de trouver un marqueur d'agressivité du mélanome et d'échappement précoce aux traitements. L'insulin growth factor-1 (IGF-1) est un facteur de croissance responsable de la prolifération et de la survie cellulaire, déjà connu pour son rôle dans le développement de résistance du mélanome Dans une première partie, nous essayerons de mettre en évidence un lien entre le taux d'IGF-1 sérique et le stade ou l'agressivité du mélanome. Dans un second temps, nous analyserons l'évolution du taux d'IGF-1 chez les patients traités par thérapie ciblée pour voir s'il pourrait être un marqueur d'échappement au traitement. Méthodologie : Dosage du taux d'IGF-1 sérique pour 205 patients au cours de la prise en charge initiale pour un mélanome dans le service de dermatologie du CHUGA. Comparaison de ces taux en fonction du Breslow, stade, ganglion sentinelle, progression future. Dosage également de l'IGF-1 sérique avant l'introduction d'une thérapie ciblée anti-BRAF anti-MEK puis à chaque bilan de réévaluation paraclinique trimestriel chez les 28 patients traités par cette association. Nous avons ensuite observé l'évolution de ces données au cours du temps en fonction de la réponse au traitement (groupe répondeur et groupe progresseur) (test Kruskall Wallis et ANOVA). Résultats : Nous n'avons pas trouvé de différences significatives entre les valeurs d'IGF-1 stratifiées en fonction du statut BRAF, du stade au diagnostic, de l'indice de Breslow, du résultat du ganglion sentinelle ou de la progression future. En revanche, le taux d'IGF-1 augmente significativement durant les 3 mois précédant l'échappement au traitement (en moyenne +28%). Il existe également une différence significative entre les valeurs d'IGF-1 normalisées 3, 6 et 9 mois avant la progression chez les patients progresseurs par rapport aux mêmes valeurs 3, 6 et 9 mois avant le dernier dosage chez les patients répondeurs. Discussion : Nos résultats ouvrent donc de nouvelles perspectives pour améliorer la prise en charge des patients atteints de mélanome. Ainsi nous identifions des voies de signalisation d'intérêt majeur pour les patients dont le mélanome est porteur d'une mutation BRAF. En effet, l'étude de la voie IGF1 offre de nouvelles possibilités dans la compréhension des mécanismes de résistance aux traitements par thérapie ciblée et le diagnostic précoce de cet échappement tumoral. Nos résultats nous conduisent à envisager l'IGF1, marqueur rapide, non invasif et peu couteux, comme un nouveau marqueur de réponse aux thérapies anti-BRAF / anti-MEK.
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 1 Figure 1: Serum IGF-1 levels according to different patients characteristics. Distribution of serum IGF-1 level A) among patients, according to B) the BRAF mutation, C) stage, D) metastases E) Clark index, F) ulceration presence, G) Breslow score

Figure 2 :

 2 Figure 2: Serum IGF-1 levels for each melanoma patient according to disease progression during the follow up: response or stable disease (no) or progression (relapse, metastasis appearance or growth; yes).

Figure 3 :

 3 Figure 3: Evolution of the serum IGF-1 level in patients. Serum IGF-1 level was normalized to serum IGF1 level obtained at diagnosis for each patient. The graph shows the means in the three groups of patients (response disease, progressive disease and adjuvant) from diagnosis to progression or end of follow up.

Figure 4 :

 4 Figure 4: Individual changes in normalized serum IGF-1 levels in patients with partial or complete response (in blue, left column) or in patients with progressive disease (in red, right column). Paired comparison of IGF1 level at last progression-free follow-up or at visit of progression, to IGF1 level at visit 3, 6, 9 or 12 months earlier. Thick blue or red lines represent the mean change over all patients.

Figure 5 :

 5 Figure 5: Comparison of relative serum IGF-1 levels according to targeted therapy's response (in blue the response to treatment group and in red the progressive disease group). Distribution of serum IGF-1 levels at last progression-free follow-up or at visit of progression was compared to serum IGF-1 levels 3, 6, 9 and 12 months earlier. Significant differences were observed between the two groups at 3, 6 and 9 months according to the two way ANOVA with Bonferroni's multiple comparisons test (** p = 0.005, *p = 0.02).
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 1 Figure 1: Scan assessments of the patient. The baseline scan was done before the beginning of
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 2 Figure 2: Mechanism of PARP inhibitors inducing cell death in homologous recombination

Figure 3 :

 3 Figure 3: Expression of PARP1 in BRAF V600-mutated melanoma cells. Immunoblotting of

  TERT), de la cyclin dependent kinase inhibitor A2 (CDKN2A), de chromatin remodelling (AT rich interaction domain (ARID)), de la phosphatase and tensin homologue (PTEN), de la protéine P53 ou encore des mutations de la famille de BRCA (BReast Cancer) On peut distinguer: des mécanismes génétiques (mutation NRAS/KRAS, BRAF, MEK ou autres voies de signalisation comme la voie YAP22 ) et non génétiques comme la réaction immunitaire anti tumorale ou l'interaction avec le microenvironnement tumoral. Par exemple, la survenue d'une mutation NRAS dans les cellules tumorales conduit à la formation de dimère CRAF-CRAF (C-Raf proto-oncogene) ou CRAF-BRAF capables d'activer MAPK malgré l'utilisation d'un anti-BRAF.18,19 

	comme BRCA 1 et 2, ATM, PALB2, CHEK2 ou encore FANCA. 16		
	Ainsi, une des thérapeutiques possibles est de cibler les protéines BRAF et MEK afin de bloquer
	cette cascade de signalisation activée constitutivement dans le mélanome pour stopper la
	prolifération cellulaire.			
			. NRAS=NRAS proto-oncogene
	GTPase.	P=phosphorylated.	PDK1=phosphoinositide-dependent	protein	kinase.
	PIP=phosphatidylinositol phosphate. PI3K=phosphoinositide-3 kinase. pRB=retinoblastoma protein.
	PTEN=phosphate and tensin homologue. RTK=receptor tyrosine kinase.		

Bien sûr, cette mutation n'est pas suffisante pour induire le développement d'un mélanome puisqu'elle est présente dans des naevi bénins. En effet, d'autres mutations sont associées à la mutation BRAFV600 dans les mélanomes, telles que des mutations de la télomérase reverse transcriptase (Les thérapies ciblées anti-BRAF en monothérapie, comme le vémurafénib ou le dabrafénib, ont été les premières à être utilisées avec une amélioration de la survie par rapport à la chimiothérapie dans les stades métastatiques (survie sans récidive de 5 vs 1,6 mois) avec comme principaux effets indésirables une photosensibilité, des rashs cutanés, des arthralgies, de la fièvre et de la fatigue. Ces molécules sont également responsables d'apparition de tumeurs cutanées dans 15 à 20 % des cas (kératoacanthomes, carcinomes épidermoïdes et parfois même des mélanomes).

17 

. Il a également été développé une thérapie ciblée anti MEK qui présente également en monothérapie une meilleurs efficacité que la chimiothérapie

20 

et comme principaux effets indésirables des rashs cutanés, des diarrhées, une asthénie et plus rarement une atteinte cardiaque (cardiomyopathie) et oculaire (rétinopathie). Mais c'est en associant les deux thérapies ciblées anti-BRAF et anti-MEK que sont obtenus les meilleurs résultats, avec une survie sans récidive moyenne de 9,4 mois et une moyenne de survie globale à 25,1 mois (vs 18 mois dans le groupe dabrafenib + placebo).

21 

De plus, cette combinaison de traitement permet de diminuer le risque d'apparition de lésions cutanées malignes induites par l'anti-BRAF seul.

Néanmoins, les tumeurs finissent par échapper au traitement. Plusieurs études ont tenté d'élucider les mécanismes d'échappement aux thérapies ciblées anti-BRAF / anti-MEK pour identifier de nouvelles cibles thérapeutiques.
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 1 

	. They are representative of

Table 2 :

 2 Characteristics of patients treated with targeted therapy

Methods

Patients and serum samples

This is a prospective study to assay IGF-1 in serum of melanoma patients from Grenoble Alpes University Hospital (CHUGA). Sampling for serum IGF-1 was performed as part of routine testing usually performed for melanoma patients. Information notices were posted in the dermatology department. For this trial, we got the agreement of the research committee of CHUGA.

Serum IGF-1 level was quantified in all patients coming at hospital for their initial melanoma's management from July 12, 2019 to December 31, 2021. After diagnosis, these patients were followed by a private dermatologist, a hospital dermatologist, or both according to the recommended frequency based on melanoma staging based on 8 th edition of AJCC.

Serum IGF-1 level was also determined in all melanoma patients with stage III or IV treated with targeted therapy (anti-BRAF/anti-MEK combination: dabrafenib/trametinib or encorafenib/binimetinib or vemurafenib/cobimetinib), for metastatic or unresectable melanoma regardless of treatment line or in adjuvant setting and which was initiated between August 1, 2019 and February 15, 2022. Serum IGF-1 analysis was performed every 3 months, as clinical and imaging assessments, with at least a brain and thoracic-abdominal-pelvis CT scan. Some patients who underwent early assessment because of suspected progression have an additional serum IGF-1 determination. We excluded patients who had only one serum IGF-1 analysis because of lack of follow up or death before the second assessment.

Serum IGF-1 assays were all performed in the same laboratory at CHUGA. Serum were aliquoted with centrifugation, frozen and stored until hormone measurements. Levels of serum IGF-1 were analysed using enzyme-linked immunosorbent assay kits (IRMA IBA CIS Bio International technique) according to the manufacturer's instruction.

Analyse sets

For the first part of our study, we measured IGF-1 in serum of 205 patients at the time of initial melanoma care (regardless of disease stage or relapse). All patients were staged for melanoma according to our data (Breslow, results of sentinel node, results of imaging) at the time of the assay, based on 8 th edition of AJCC.

For the second part of our study, we measured serum IGF-1 every 3 months in 27 patients with stage III or IV melanoma, treated by targeted therapy (curative or adjuvant setting) until the treatment was stopped. Two patients were treated with targeted therapy in 1 st and 3 rd line of treatment. We decided to consider data related to each line of treatment as independent of each other and thus considered them as four different patients. Thus, we have 29 cases, of whom 3 received adjuvant treatments and the others curative treatments. We divided patients into 2 groups: the one with response to targeted therapies and the other with inefficient treatment. The "Response to treatment" group is considered, in the re-evaluation assessment, as the disappearance of metastasis, the size decrease of metastasis or the size stability of metastasis.

The "Progressive disease" group is considered, after tumor assessments, as the appearance of new metastasis or an increase by 20% of known metastasis according to RECIST 1.1 criteria.

All the patients are considered in the group "response to treatment" before the happening of progressive disease. These values are therefore used in the response group. We follow up all patients until death, progressive disease or until end of data collection, the 30 th june 2022 (at least 3 months of follow up).

Two sets of analyses were performed. The first set tested serum IGF-1 levels in the 29 patients in three different groups: 9 patients in the "response to treatment" group, 17 patients in the "progressive disease" group and 3 in the adjuvant treatment group. There is a wide variation in normal ranges between patients, since IGF1 values are impacted by age, sex, body mass index. [START_REF] Chanson | Reference Values for IGF-I Serum Concentrations: Comparison of Six Immunoassays[END_REF] Besides, the tumor microenvironment is also an important player of drug resistance, which can lead to resistance to targeted therapy 21,[START_REF] Somasundaram | The role of tumor microenvironment in melanoma therapy resistance[END_REF] .

Characteristics of patients n = 205

IGF-1 is already known to have an important role in many tumors as promotor of proliferation, motility and resistance to apoptosis 23 . Indeed, the binding of IGF-1 to its receptor, IGF1R

(receptor with a tyrosin kinase activity) triggers MAPK and PI3K signalling pathways, which lead to ERK activation that controls proliferation and growth [START_REF] Suleymanova | Enhanced response of melanoma cells to MEK inhibitors following unbiased IGF-1R downregulation[END_REF] . It is already reported that melanoma produces IGF-1 by an autocrine signalisation 20 . Besides, in reaction to anti-BRAF anti-MEK targeted therapy, melanoma cells which become resistant to targeted therapy upregulate IGF1R expression [START_REF] Villanueva | Acquired resistance to BRAF inhibitors mediated by a RAF kinase switch in melanoma can be overcome by cotargeting MEK and IGF-1R/PI3K[END_REF] , showing the important role of IGF-1 pathway in resistance to anti-BRAF and anti MEK targeted therapy. Furthermore, it was shown that IGF1 secreted by tumor cells is able to activate IGF1R pathway in endothelial cells, leading to tumor vascular remodelling. This allow melanoma cells to have access to oxygen and survival signals from blood, which lead to tumor progression [START_REF] Xu | The Evolution of Acquired Resistance to BRAFV600E kinase inhibitor Is Sustained by IGF1-Driven Tumor Vascular Remodeling[END_REF] . However, IGF-1 origin is not already elucidated. We have seen that melanoma cells produce themselves IGF-1, but tumor microenvironment probably produces IGF-1 too. A study reports that IGF-1 is mainly secreted by B cells in tumor microenvironment in response to targeted therapy [START_REF] Somasundaram | Tumor-associated B-cells induce tumor heterogeneity and therapy resistance[END_REF] . In this way, IGF-1 could lead to a reactivation of MAPK pathway, despite treatment with anti-BRAF anti-MEK drugs.

Limitation of our study is the limited patients' number, sometimes with missing values. Besides, IGF-1 value is difficult to compare between patients because of an important inter individual variability and variation related to the weight changes. However, serum IGF-1 levels evolution for an individual patient seems to be interesting to study.

Initial serum IGF-1 levels do not seem to be a prognostic factor in our study, as Breslow index or sentinel node. However, serum IGF-1 levels evolution must be interesting to study. To our knowledge, this is the first study where variation of IGF1 level during treatment with targeted 

Observation

In February 2017, a 35-years-old woman with no prior medical history developed a head malignant melanoma, Breslow 2.5mm, with a BRAF V600E mutation, which was surgically resected. The sentinel lymph node was positive. Ten months later, in December 2017, the melanoma recurred with subcutaneous nodules, which were also surgically treated. Then, new skin and hepatic metastases developed. The patient was treated with a combination of immunotherapy spartalizumab (anti-PD1) and targeted therapies dabrafenib + trametinib (anti-BRAF and anti-MEK) until August 2020. Following further pulmonary metastatic progression, the patient was treated in September 2020 in a study combining immunotherapies: pembrolizumab (anti-PD1), anti-CTLA4, and anti-TIGIT. Further progression in November 2020 (pulmonary, hepatic, skin, splenic, retroperitoneal and spinal metastases, with a fracture of L2) led to start again a targeted therapy (dabrafenib/trametinib) in December 2020, in combination with bone radiotherapy. The patient had benefit from a next-generation sequencing of circulating cell free DNA (FoundationOne Liquid CDx). 14 This allowed for the detection of the BRAF V600E mutation, which was already known, but also of the ATM deletion (exons 39-46) which is part of BRCAness mutation, FLT3 amplification, and MITF amplification.

ATM is a serine-threonine kinase involved in the repair of DNA double-strand breaks.

Recently, it has been showed that prostate tumor with ATM mutation were sensitive to PARP inhibition 15 .

In March 2021, the patient was in poor general health (WHO 3-4) in the setting of multiple new brain and pulmonary metastases.

In April 2021, due to the presence of this ATM deletion in the circulating DNA of the patient, we decided to add an anti-PARP (olaparib, 600 mg per day), to the traditional anti-BRAF and anti-MEK targeted therapy. In order to avoid a pharmacokinetic interaction (dabrafenib is an

Discussion

The olaparib (PARP inhibitor) associated with the targeted therapies anti-BRAF/anti-MEK allowed in this hopeless situation a survival of 10 months with excellent general health and without toxicity.

The DNA damage response pathway refers to a class of proteins that repair DNA damage such as translocation, deletions, double strand breaks or chromosomal fragmentation. 17 There are two main repair pathways for double-strand DNA breaks: homologous recombination (HR) and the more error-prone non-homologous end joining (NHEJ). 18 The loss of DNA damage repair function, such as a mutation in BRCA1 and BRCA2 tumor suppressor genes (involved in repair of DNA double-strand breaks), results in genomic instability and predisposition to cancers.

The function of PARP is to facilitate DNA repair by binding to undamaged DNA, catalyzing poly ADP ribose chains to allow the recruitment of effector proteins. 19 Anti-PARP drugs acts by inhibiting this process. The second mechanism of anti-PARP drugs is named PARP trapping:

PARP molecules are trapped on damaged DNA, blocking DNA repair proteins for DNA replication, leading to accumulation of DNA single-strand breaks, induction of DNA doublestand breaks, and cell death 20 (Figure 2).

The benefits of PARP inhibitors have already been studied in melanoma in combination with temozolomid (an alkylating agent). This trial showed a trend towards improved progressionfree survival with treatment's combination, but not statistically significant 23 . In this study, no selection of melanoma with a homologous recombination deficiency was made, which could explain this result. Another case report showed the benefit of olaparib, when used as single treatment after failure of immunotherapy, in metastatic melanoma with PALB2 mutation (mutation BRCAness) 24 . The association between PARP inhibitors and immunotherapy should also be explored. Indeed, the inhibition of PARP increase genomic instability, increasing tumor mutational burden. These mutations enhance the number of neo-antigens exposed by tumor cells, increasing the chances that one of those antigens will be recognized by the immune cells of the patients leading to a better immunogenicity, useful for the functioning of immunotherapy 13 .

To our knowledge, our case report is the first one that shows the potential benefit of a combination of PARP inhibitors with anti-BRAF/anti-MEK targeted therapy in melanoma with resistance to anti-BRAF/anti-MEK and BRCAness mutation. It is important to note that in this case report, these mutations were detected with liquid biopsy. This would be easier to use than tumour biopsy, particularly for difficult to reach metastases. Furthermore, this technique is less invasive for the patient and will lead to less adverse effects.

In conclusion, this case report suggests that a systematic research of BRCAness mutation in metastatic melanoma, thanks to liquid biopsy could improve the patient management. This will need to be explored in future trials to demonstrate the benefits of this therapeutic association.