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Abstract

:

Simple Summary


Immune checkpoint inhibitors, ICI, have revolutionized the treatment of advanced melanoma. However, given the small number of patients responding to immunotherapy and the high risk for immune-related adverse events, there has been a rising interest in recent publications to identify factors that influence response to immunotherapies, including sex. We aimed at investigating sex-related differences in patients with advanced melanoma treated with ICI by linking the assessment of inflammatory response in peripheral blood, onset of IRAEs during therapy and treatment response in short- and long-term. Men with advanced melanoma showed a significantly better response to immunotherapy in short- and long-term than women. Higher immune activation in peripheral blood before and after initiation ICI might be linked to favorable treatment response during and after ICI in favor of men and decoupled from the onset of IRAEs. Given the significantly higher immunotoxicity and worse outcome experienced by women compared to men the use of ICI should be chosen carefully in women with advanced melanoma.




Abstract


Objectives: We aimed to investigate sex-related differences in patients with advanced melanoma treated with ICI by linking the assessment of inflammatory response in peripheral blood, onset of immune-related adverse events IRAEs during therapy and treatment response in short- and long-term. Methods: For the purpose of this single-center retrospective study metastatic melanoma patients treated with ICI were included. Baseline patient characteristics, blood sample tests and the onset of immune-related adverse events IRAEs were documented based on clinical records. The short-term treatment response was assessed with 18F-2-Fluor-2-desoxy-D-glucose Positron Emission Tomography/Computed Tomography FDG-PET/CT scans performed six months after initiation of ICI. The overall survival OS and progression-free survival PFS were used as endpoints to assess the long-term response to immunotherapy. Results: In total, 103 patients with advanced melanoma (mean age 68 ± 13.83 years) were included, 29 women (mean age 60.41 ± 14.57 years) and 74 men (mean age 65.66 ± 13.34 years). The primary tumor was located on a lower extremity in one out of three women and on the head/neck in one out of three men (p < 0.001). While the superficial spreading (41%) and nodular (36%) melanoma subtypes represented together 77% of the cases in male population, women showed a more heterogenous distribution of melanoma subtypes with the superficial spreading (35%), nodular (23%), acral lentiginous (19%) and mucosal (12%) melanoma subtypes being most frequent in female population (p < 0.001). Most differences between women and men with regards to inflammatory parameters were observed six months after initiation of ICI with a higher median NLR (p = 0.038), lower counts of lymphocytes (p = 0.004) and thrombocytes (p = 0.089) in addition to lower counts of erythrocytes (p < 0.001) and monocytes (p < 0.001) in women towards men. IRAEs were more frequent in women towards men (p = 0.013). Women were more likely to display endocrinological IRAEs, such as thyroiditis being the most frequent adverse event in women. Interestingly IRAEs of the gastrointestinal tract were the most frequent ones in men. Finally, men with advanced melanoma showed a significantly better response to immunotherapy in short- (p = 0.015) and long-term (OS p = 0.015 and PFS p < 0.001) than women. In fact, every fourth man died during the course of the disease, while every second woman did not survive. (p = 0.001). Conclusion: Men with advanced melanoma showed a significantly better response to immunotherapy in short- and long-term than women. Higher immune activation in peripheral blood before and after initiation ICI might be linked to favorable treatment response during and after ICI in favor of men and decoupled from the onset of IRAEs. Given the significantly higher immunotoxicity and worse outcome experienced by women compared to men the use of ICI should be chosen carefully in women with advanced melanoma.
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1. Introduction


Melanoma is the leading cause of death among skin cancers [1,2]. The incidence of melanoma has significantly increased over the past decades, becoming the most rapidly increasing cancer in predominantly fair-skinned populations [3,4,5].



Immune checkpoint inhibitors (ICI), e.g., monoclonal antibodies targeting cytotoxic T-lymphocyte-associated antigen-4 (CTLA-4), programmed cell death protein-1 (PD-1) and PD-ligand 1 (PD-L1), have revolutionized the treatment of advanced melanoma. However, given the small number of patients responding to immunotherapy (about 40 to 50% of all treated patients) and the high risk for immune-related adverse events IRAEs (observed in up to 60% of all patients), there has been a rising interest in recent publications to identify factors that influence response to ICI including sex [6,7,8,9].



Sex is determined by an organization of reproductive organs leading to different sex steroid levels in women and men responsible for distinct innate and adaptive immune responses between women and men. Different immune responses in men and women result in different risks for autoimmune disease and malignancies. While men are at almost two-fold greater risk of death from malignant disease than women, 80% of autoimmune diseases occur in women [8].



Interesting investigations and reviews onwards the efficacity of ICI in men and women with advanced melanoma have been published in recent years with conflicting results on the prognostic value of sex [10,11,12,13,14,15,16,17].



The prognostic value of IRAEs experienced by melanoma patients treated with ICI has also been subject of recent prospective and retrospective investigations with interesting results suggesting a favorable outcome with the onset of IRAEs [18,19].



Furthermore, there has been a rising interest in prognostic value of inflammatory blood parameters at baseline and at early stage of treatment in recent literature. In this context, neutrophils-to-lymphocytes ratio has been described as promising biomarker that suggests increased lymphocyte count and decreased neutrophil count at early stage of the disease are associated with favorable outcomes [20,21,22,23,24,25,26,27].



In knowledge of the recent literature, we aimed to investigate whether higher immune activation in peripheral blood promotes the onset of IRAEs and a favorable short- and long-term outcome after ICI in men and women with advanced melanoma.




2. Materials and Methods


2.1. Patient Cohort


The following inclusion criteria were used for the present single-center retrospective study:




	(a).

	
The patient had a histopathologically confirmed metastatic melanoma;




	(b).

	
The patient was treated either with a single checkpoint-inhibition (anti-PD-1) or dual checkpoint-inhibition (anti-PD-1/anti-CTLA-4);




	(c).

	
The patient was treated in the Department of Dermatology of the University Hospital Zurich in Switzerland between 2013 and 2019;









Only patients fulfilling these three criteria were included.



All included patients consented the use of their clinical data for research purposes.



This study was conducted in compliance with Good Clinical Practice GCP-rules and the Declaration of Helsinki (ethics board approval KEK-ZH-Nr: 2014-0193).



For the purpose of our investigations, we focused on four key aspects between male and female patients with advanced melanoma; we wanted to highlight in context of immunotherapy. All clinical data were obtained based on internal clinical records.




2.2. Baseline Characteristics


Patient baseline characteristics including sex, age, anatomical site of melanoma metastases, anatomical site of primary tumor, thickness of primary tumor, histopathology of primary tumor, single or dual immune checkpoint inhibition and American Joint Committee on Cancer AJCC stage (7th and 8th edition) were collected.



2.2.1. Inflammatory Response to ICI in Peripheral Blood


In order to assess patient inflammatory response to ICI in peripheral blood, the following proteins and cells were recorded at baseline, and three and six months after initiation of immunotherapy per patient: basophiles (g/L), c-reactive protein (mg/L), erythrocyctes (per pL), leucocytes (g/L), lymphocytes (g/L), monocytes (g/L), neutrophils (g/L) and thrombocytes (g/L). The neutrophils-to-lymphocytes-ratio NLR was then calculated by dividing the absolute neutrophils count by the absolute lymphocytes count.



The average interval between blood samples at baseline and three months after initiation immunotherapy was 107.1 days and 93.5 days between the time points three and six months after treatment start.




2.2.2. Toxicity of ICI


In order to assess the experienced toxicity of ICI we reported the onset of IRAEs, the number or IRAEs per patient and the type of IRAEs during treatment.




2.2.3. Patient Response to ICI


	
Short-term response to ICI






For this purpose, 18F-2-Fluor-2-desoxy-D-glucose Positron Emission Tomography/Computed Tomography FDG-PET/CT scans performed in clinical routine six months after initiation of ICI were evaluated according to RECIST 1.1.



All FDG-PET/CT scans used for this purpose were performed at the Department of Nuclear Medicine of the University Hospital Zurich, according to the department’s standard protocol.



Based on the RECIST 1.1. evaluation of FDG-PET/CT scans performed six months after initiation of ICI patients were split up into two groups: patients with disease progression (progressive disease PD) versus patients with clinical benefit (complete response CR, partial response PR and stable disease SD).



	
A Long-term response to ICI






The long-term response to ICI was defined by the overall survival OS (e.g., the time from first treatment to death or last follow-up) and progression-free survival PFS (e.g., the time from first treatment to disease progression or death).





2.3. Statistical Analysis


All statistical computations were performed using R (version 3.3.3). For descriptive statistical analyses continuous variables were summarized as median, mean and range, while categorical variables as frequencies. Chi-square tests and t-tests were used for the calculation of sex-related differences regarding baseline characteristics, inflammatory response in peripheral blood, treatment toxicity and treatment response in patients with advanced melanoma treated with ICI. Kaplan–Meier survival curves were designed for men and women based on OS and PFS. Statistical significance was accepted at p < 0.050.





3. Results


3.1. Baseline Characteristics


In total, 103 patients with advanced melanoma (mean age 68 ± 13.83 years) were included, 29 women (mean age 60.41 ± 14.57 years) and 74 men (mean age 65.66 ± 13.34 years).



A total of 6 patients (3 women and 3 men) were stage III and 97 patients (26 women and 71 men) stage IV according to AJCC. In total, 86 patients (25 women and 61 men) were treated with dual checkpoint inhibition, while 17 patients (4 women and 13 men) with single checkpoint inhibition.



A significant difference between women and men was observed regarding the anatomical site of the primary tumor (p < 0.001). The primary tumor was located on a lower extremity in one out of three women and on the head/neck in one out of three men.



Furthermore, an additional significant trend (p < 0.001) could be highlighted from our results. While the superficial spreading (n = 25 men, 41%) and nodular (n = 22 men, 36%) melanoma subtypes represented together 77% (n = 47 men) of the cases in male population, women showed a more heterogenous distribution of melanoma subtypes with the superficial spreading (n = 9 women, 35%), nodular (n = 6 women, 23%), acral lentiginous (n = 5 women, 19%) and mucosal (3 women, 12%) melanoma subtypes being most frequent in female population.



However, no significant difference between women and men was observed with regards to the thickness of the primary tumor (p = 0.139), patient age (p = 0.099) and anatomical sites of melanoma metastasis (p = 0.006). Figure 1.




3.2. Inflammatory Response to ICI in Peripheral Blood


Significant differences with regards to inflammatory parameters in peripheral blood between female and male patients with advanced melanoma could be outlined before treatment start and during the first months with immunotherapy.



First of all, women presented significantly lower counts of erythrocytes at baseline (p < 0.001), three (p < 0.001) and six months (p < 0.001) after initiation of ICI towards men.



Secondly, lower counts of monocytes were documented in women compared to men before treatment start (p < 0.001) and six months after initiating therapy (p < 0.001).



Finally, most differences between women and men with regards to inflammatory parameters were observed six months after initiation of ICI with a higher median NLR (p = 0.038), lower counts of lymphocytes (p = 0.004) and thrombocytes (p = 0.089) in addition to lower counts of erythrocytes (p < 0.001) and monocytes (p < 0.001) in women towards men, as previously stated. Figure 2.




3.3. Treatment Toxicity


Significant and clinically relevant differences between male and female patients with advanced melanoma could be brought to light in context of toxicity due to immunotherapy.



First of all, immune-related adverse events were more frequent in women towards men (p = 0.013). Almost one out of two women experienced IRAEs (45%, n = 13 women) versus only one out of three men (32%, n = 24 men).



Secondly, a significant pattern could be drawn regarding the type of IRAEs between both groups (p < 0.001). Women were more likely to display endocrinological IRAEs, with thyroiditis being the most frequent adverse event (50% of all IRAEs in women, n = 9 women), followed by hypophysitis (17% of all IRAEs in women, n = 3 women). Interestingly IRAEs of the gastrointestinal tract were the most frequent ones in men (28%, n = 8 men), equally followed by disorders of the skin and thyroid gland (respectively 21%, n = 6 men)



Finally, no significant difference was seen in the number of IRAEs per patient between women and men (p = 0.054). Figure 3.



In addition, we also investigated whether treatment with double ICI led to more treatment toxicity, e.g., IRAEs, than single ICI. However, no significant differences were noted between both groups with regards to the onset, or number or the type of IRAE. Figure 4.




3.4. Patient Response to ICI


3.4.1. Short-Term Response to ICI


No significant differences were seen in the total tumor load and total metabolic tumor load on FDG-PET/CT scans between male and female patients with advanced melanoma before treatment, and three and six months after initiation of ICI. Figure 5.



However, after six months of immunotherapy a vast majority of men benefitted from treatment (n = 64 men, 86.49%), while nearly one out of two women (n = 13, 44.83%) showed progressive disease under treatment (p = 0.001). Figure 6.




3.4.2. Long-Term Response to ICI


We observed as long-term response to immunotherapy in female patients with advanced melanoma a mean overall survival OS of 590.24 ± 272.56 days and progression free survival PFS of 200.17 ± 234.74 days, while OS and PFS were significantly better in male patients with advanced melanoma, respectively, 843.62 ± 505.53 days (p = 0.001) and 440.61 ± 460.60 days (p < 0.001).



In light of these results, long-term response to ICI was significantly better in men than women. Figure 7, Figure 8 and Figure 9.



In addition, we observed a significant improved overall survival in patients treated with single ICI towards patients treated double ICI (p = 0.003). Figure 10.



Finally, every fourth man (25,68%, n = 19) died during the course of the disease, while every second woman (58.62%, n = 17) did not survive. In knowledge of these results, mortality appeared significantly different between men and women (p = 0.001).






4. Discussion


In knowledge of the recent literature, we aimed to investigate whether higher immune activation in peripheral blood promotes the onset of IRAEs and a favorable short- and long-term outcome after ICI in men and women with advanced melanoma.



Applying our inclusion criteria, we obtained a male-dominated cohort with a mean age of 68 ± 13.83 years suggesting older men had higher rates of advanced melanoma in accordance with recent literature. Olsen et al. reported that women have higher rates of melanoma in early life, and men in later life [5]. After the age of 75 years, the incidence rate in men rises to three times the incidence rate in women according to Castro e Souza et al. [28].



Our results brought surprising and intriguing differences between male and female melanoma patients to light regarding immunotoxicity and immune profile in peripheral blood during immunotherapy.



First of all, IRAEs were more frequent in women than men. Given the higher mortality in women after ICI, we investigated based on internal clinical records, whether the higher frequency of IRAEs led to higher rates of treatment discontinuation in women compared to men with advanced melanoma, which was not the case in our cohort. This might be explained by the type of side effects displayed. In fact, women were more likely to display not severe endocrinological IRAEs and men gastrointestinal IRAEs.



Secondly, while we would have expected an overdriven immune response in women during ICI, as a hypothetical explanation for the frequent IRAEs, women, surprisingly, showed lower immune profile in peripheral blood at baseline, and three and six months after initiation of ICI. Significant differences with regards to inflammatory parameters in peripheral blood between male and female patients with advanced melanoma could be highlighted, particularly six months after initiation of ICI. At baseline, significant lower counts of erythrocytes and monocytes were displayed in women towards men. Interestingly, three months after initiating ICI, a short-term increase in monocytes could be seen in all patients with no significant results in men and women, presumably displaying an systemic immune response to immunotherapies. At that time, three months after treatment start, women displayed significant lower counts of erythrocytes and lymphocytes. Three months later, a new decrease in monocytes counts in all patients could be observed with significant differences between men and women, as well as similar values as before treatment. Women showed at this stage of the treatment significantly lower counts of lymphocytes, lower counts of monocytes and higher median NLR than men six months after initiating ICI. Nakamura et al. reported in 2016 that higher counts of lymphocytes and lower counts of neutrophils during treatment with immunotherapy were early markers of treatment response associated with better overall survival [23]. In this context, the neutrophils-to-lymphocytes ratio, NLR, has been described by various recent studies as promising biomarker for treatment response in melanoma patients treated with immunotherapy, with high NLR being associated with poor overall survival [20].



Our results suggested that immune activation in peripheral blood might not be coupled with the onset of IRAEs. However, a few limitations with regards to factors interfering with blood immune activation should be addressed. Although some of the included women were still at a childbearing age, the median and mean age of all 29 women included was 66 and 60.4 years, respectively. Therefore, the interaction between female sex hormones and the PD-1 and PD-L1 pathway and the effect of bleeding (potentially leading to anemia) during treatment may have been limited in this cohort. Moreover, although acute infections in men and women could be ruled out on FDG-PET/CT at baseline, three and six months after treatment start, other factors (such as previous systemic treatment and drug history) might also have influenced the immune activation in peripheral blood in men and women at baseline and after initiating ICI, particularly since the majority of the patients (N = 78) were pretreated.



Interestingly, men with advanced melanoma showed a significantly better response to immunotherapy in short- and long-term than women. In fact, 86.49% of men showed clinical benefit six months after ICI versus 55.17% of women. In the long-term, every fourth man died during the course of the disease, while every second woman did not survive. Wang et al. summarized in a review published in 2019 the results of recent investigations with regards to sex differences in immunotherapy efficacity. According to the authors, the hot immune tumor environment in women would cause low antigenicity of tumor cells, leading to less efficacity of immunotherapies, as opposed to men with cold immune tumor environment and high antigenicity of tumor cells leading to a better efficacity of immunotherapies [8]. In our cohort, men showed, on the contrary, higher immune activation in peripheral blood than women at baseline, and three and six months after treatment start with significantly improved outcome in short- and long-term compared to women. In light of our innovative results, higher immune environment in peripheral blood before and after initiation ICI might be linked to favorable treatment response during and after ICI in favor of men and decoupled from the onset of IRAEs, as the second innovative highlight of our investigations.



In addition, further significant differences between female and male melanoma patients treated with ICI were observed regarding their baseline characteristics. The primary tumor was located on a lower extremity in one out of three women and on the head/neck in one out of three men. Lower extremities for women and head/neck for men have been reported as anatomical site of predilection for melanoma primary tumor by recently published investigations [5,10,28].



Furthermore, an additional significant trend could be highlighted from our results. While the superficial spreading and nodular melanoma subtypes represented together 77% of the cases in male population, women showed a more heterogenous distribution of melanoma subtypes with the superficial spreading, nodular, acral lentiginous and mucosal melanoma subtypes being most frequent in female population. Pala et al. recently highlighted the role played by melanoma histological subtypes in response to immunotherapy. Their results published in 2022 displayed better overall response rates in patients with nodular melanoma versus patients with superficial spreading melanoma [29]. In our cohort, men showed higher rates of nodular melanoma compared to women. Furthermore, the more heterogenous distribution of melanoma subtypes in women included histological subtypes with poor prognosis, such as sinonasal melanoma [30] and mucosal melanoma [31], which might also have influenced the worse outcome, particularly the higher mortality experienced by women towards men in our cohort.



In conclusion, three major observations with two innovative insights can be highlighted in light of our investigations. First of all, as well established, IRAEs were more frequent in women towards men. Secondly, the onset of IRAEs was surprisingly not coupled with a higher immune activation in peripheral blood in women. On the contrary, women showed during the first six months of ICI lower blood immune activation towards men. Finally, the higher immune activation in peripheral blood observed in men was interestingly associated with a significantly better outcome in men than women. Given the significantly higher immunotoxicity and worse outcome experienced by women compared to men, the use of ICI should be chosen carefully in women with advanced melanoma.



Here, we provided evidence for significant differences between men and women with advanced melanoma treated with ICI with regards to their baseline characteristics, inflammatory response in peripheral blood, treatment toxicity and response to treatment.



The limitations of our investigations are the retrospective approach and the size of our cohort, particularly the lower number of female patients than male patients applying our inclusion criteria. Both limitations could be overcome by further prospective investigations on the underlying biology of these sex-related differences with larger proportion of women are needed in the future.




5. Conclusions


Men with advanced melanoma showed a significantly better response to immunotherapy in short- and long-term towards women. Higher immune activation in peripheral blood before and after initiation ICI might be linked to favorable treatment response during and after ICI in favor of men and decoupled from the onset of IRAEs. Given the significantly higher immunotoxicity and worse outcome experienced by women compared to men the use of ICI should be chosen carefully in women with advanced melanoma.
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Abbreviations




	
ICI

	
Immune Checkpoint Inhibitor




	
CTLA-4

	
Cytotoxic T-Lymphocyte-associated Antigen-4




	
PD-1

	
Programmed cell death protein-1




	
IRAEs

	
Immune-Related Adverse Events




	
GCP

	
Good Clinical Practice




	
AJCC

	
American Joint Committee on Cancer




	
NLR

	
Neutrophils-to-Lymphocytes Ratio




	
FDG-PET/CT18F-2-Fluor-2-desoxy-D-glucose Positron Emission Tomography/Computed Tomography




	
RECIST 1.1.

	
Response Evaluation Criteria in Solid Tumors version 1.1.




	
PD

	
Progressive Disease




	
CB

	
Clinical Benefit




	
CR

	
Complete Response




	
PR

	
Partial Response




	
SD

	
Stable Disease




	
OS

	
Overall Survival




	
PFS

	
Progression-free survival PFS




	
MTV

	
Metabolic Tumor Volume




	
TLG

	
Total Lesion Glycolysis








References


	



Kudura, K.; Dimitriou, F.; Mihic-Probst, D.; Muehlematter, U.; Kutzker, T.; Basler, L.; Förster, R.; Dummer, R.; Mangana, J.; Husmann, L.; et al. Malignancy Rate of Indeterminate Findings on FDG-PET/CT in Cutaneous Melanoma Patients. Diagnostics 2021, 11, 883. [Google Scholar] [CrossRef] [PubMed]

	



Buja, A.; Rugge, M.; Damiani, G.; Zorzi, M.; De Toni, C.; Vecchiato, A.; Del Fiore, P.; Spina, R.; Baldo, V.; Brazzale, A.R.; et al. Sex Differences in Cutaneous Melanoma: Incidence, Clinicopathological Profile, Survival, and Costs. J. Women’s Health 2022, 31, 1012–1019. [Google Scholar] [CrossRef] [PubMed]

	



Kudura, K.; Dimitriou, F.; Basler, L.; Förster, R.; Mihic-Probst, D.; Kutzker, T.; Dummer, R.; Mangana, J.; Burger, I.A.; Kreissl, M.C. Prediction of Early Response to Immune Checkpoint Inhibition Using FDG-PET/CT in Melanoma Patients. Cancers 2021, 15, 3830. [Google Scholar] [CrossRef] [PubMed]

	



Raimondi, S.; Suppa, M.; Gandini, S. Melanoma Epidemiology and Sun Exposure. Acta Derm. Venereol. 2020, 100, adv00136. [Google Scholar] [CrossRef] [PubMed]

	



Olsen, C.M.; Thompson, J.; Pandeya, N.; Whiteman, D.C. Evaluation of Sex-Specific Incidence of Melanoma. JAMA Dermatol. 2020, 156, 553–560. [Google Scholar] [CrossRef]

	



Abbott, C.W.; Boyle, S.M.; Pyke, R.M.; McDaniel, L.D.; Levy, E.; Navarro, F.C.; Mellacheruvu, D.; Zhang, S.V.; Tan, M.; Santiago, R.; et al. Prediction of Immunotherapy Response in Melanoma through Combined Modeling of Neoantigen Burden and Immune-Related Resistance Mechanisms. Clin. Cancer Res. 2021, 27, 4265–4276. [Google Scholar] [CrossRef]

	



Balatoni, T.; Ladányi, A.; Fröhlich, G.; Czirbesz, K.; Kovács, P.; Pánczél, G.; Bence, E.; Plótár, V.; Liszkay, G. Biomarkers Associated with Clinical Outcome of Advanced Melanoma Patients Treated with Ipilimumab. Pathol. Oncol. Res. 2020, 26, 317–325. [Google Scholar] [CrossRef]

	



Wang, S.; Cowley, L.A.; Liu, X.-S. Sex Differences in Cancer Immunotherapy Efficacy, Biomarkers, and Therapeutic Strategy. Molecules 2019, 24, 3214. [Google Scholar] [CrossRef]

	



Pala, L.; Conforti, F. The Effect of Patient Sex on the Efficacy and Safety of Anticancer Immunotherapy. Expert Opin. Drug Saf. 2021, 20, 1535–1544. [Google Scholar] [CrossRef]

	



Bellenghi, M.; Puglisi, R.; Pontecorvi, G.; De De Feo, A.; Carè, A.; Mattia, G. Sex and Gender Disparities in Melanoma. Cancers 2020, 12, 1819. [Google Scholar] [CrossRef]

	



Botticelli, A.; Onesti, C.E.; Zizzari, I.; Cerbelli, B.; Sciattella, P.; Occhipinti, M.; Roberto, M.; Di Pietro, F.; Bonifacino, A.; Ghidini, M.; et al. The Sexist Behaviour of Immune Checkpoint Inhibitors in Cancer Therapy? Oncotarget 2017, 8, 99336–99346. [Google Scholar] [CrossRef] [PubMed]

	



Conforti, F.; Pala, L.; Bagnardi, V.; De Pas, T.; Martinetti, M.; Viale, G.; Gelber, R.D.; Goldhirsch, A. Cancer Immunotherapy Efficacy and Patients’ Sex: A Systematic Review and Meta-Analysis. Lancet Oncol. 2018, 19, 737–746. [Google Scholar] [CrossRef]

	



Klein, S.L.; Morgan, R. The impact of sex and gender on immunotherapy outcomes. Biol. Sex Differ. 2020, 11, 24. [Google Scholar] [CrossRef] [PubMed]

	



Klein, S.L.; Flanagan, K.L. Sex Differences in Immune Responses. Nat. Rev. Immunol. 2016, 16, 626–638. [Google Scholar] [CrossRef] [PubMed]

	



van der Kooij, M.K.; Dekkers, O.M.; Aarts, M.J.B.; Berkmortel, F.W.P.J.V.D.; Boers-Sonderen, M.J.; de Groot, J.W.B.; Hospers, G.A.P.; Piersma, D.; van Rijn, R.S.; Suijkerbuijk, K.P.M.; et al. Sex-Based Differences in Treatment with Immune Checkpoint Inhibition and Targeted Therapy for Advanced Melanoma: A Nationwide Cohort Study. Cancers 2021, 13, 4639. [Google Scholar] [CrossRef] [PubMed]

	



Lai, L.-T.; Gu, W.-G.; Hu, M.-B.; Wang, W.-J.; Wang, S.-S.; Huai, Y.-J.; Mei, J.-H.; Wang, C.-L. Sex-Related Differences in the Efficacy of Immune Checkpoint Inhibitors in Malignancy: A Systematic Review and Meta-Analysis. Aging 2021, 13, 15413–15432. [Google Scholar] [CrossRef]

	



Ye, Y.; Jing, Y.; Li, L.; Mills, G.B.; Diao, L.; Liu, H.; Han, L. Sex-Associated Molecular Differences for Cancer Immunotherapy. Nat. Commun. 2020, 11, 1779. [Google Scholar] [CrossRef]

	



Dimitriou, F.; Staeger, R.; Ak, M.; Maissen, M.; Kudura, K.; Barysch, M.; Levesque, M.; Cheng, P.; Dummer, R.; Mangana, J. Frequency, Treatment and Outcome of Immune-Related Toxicities in Patients with Immune-Checkpoint Inhibitors for Advanced Melanoma: Results from an Institutional Database Analysis. Cancers 2021, 13, 2931. [Google Scholar] [CrossRef]

	



Schweizer, C.; Schubert, P.; Rutzner, S.; Eckstein, M.; Haderlein, M.; Lettmaier, S.; Semrau, S.; Gostian, A.-O.; Frey, B.; Gaipl, U.S.; et al. Prospective Evaluation of the Prognostic Value of Immune-Related Adverse Events in Patients with Non-Melanoma Solid Tumour Treated with PD-1/PD-L1 Inhibitors Alone and in Combination with Radiotherapy. Eur. J. Cancer 2020, 140, 55–62. [Google Scholar] [CrossRef]

	



Li, Y.; Meng, Y.; Sun, H.; Ye, L.; Zeng, F.; Chen, X.; Deng, G. The Prognostic Significance of Baseline Neutrophil-to-Lymphocyte Ratio in Melanoma Patients Receiving Immunotherapy. J. Immunother. 2022, 45, 43–50. [Google Scholar] [CrossRef]

	



Maillet, D.; Corbaux, P.; Stelmes, J.-J.; Dalle, S.; Locatelli-Sanchez, M.; Perier-Muzet, M.; Duruisseaux, M.; Kiakouama-Maleka, L.; Freyer, G.; Boespflug, A.; et al. Association between Immune-Related Adverse Events and Long-Term Survival Outcomes in Patients Treated with Immune Checkpoint Inhibitors. Eur. J. Cancer 2020, 132, 61–70. [Google Scholar] [CrossRef] [PubMed]

	



Michailidou, D.; Khaki, A.R.; Morelli, M.P.; Diamantopoulos, L.; Singh, N.; Grivas, P. Association of Blood Biomarkers and Autoimmunity with Immune Related Adverse Events in Patients with Cancer Treated with Immune Checkpoint Inhibitors. Sci. Rep. 2021, 11, 9029. [Google Scholar] [CrossRef] [PubMed]

	



Nakamura, Y.; Kitano, S.; Takahashi, A.; Tsutsumida, A.; Namikawa, K.; Tanese, K.; Abe, T.; Funakoshi, T.; Yamamoto, N.; Amagai, M.; et al. Nivolumab for Advanced Melanoma: Pretreatment Prognostic Factors and Early Outcome Markers during Therapy. Oncotarget 2016, 7, 77404–77415. [Google Scholar] [CrossRef] [PubMed]

	



Nakamura, Y.; Tanaka, R.; Maruyama, H.; Ishitsuka, Y.; Okiyama, N.; Watanabe, R.; Fujimoto, M.; Fujisawa, Y. Correlation between Blood Cell Count and Outcome of Melanoma Patients Treated with Anti-PD-1 Antibodies. Jpn. J. Clin. Oncol. 2019, 49, 431–437. [Google Scholar] [CrossRef] [PubMed]

	



Ohashi, H.; Takeuchi, S.; Miyagaki, T.; Kadono, T. Increase of Lymphocytes and Eosinophils, and Decrease of Neutrophils at an Early Stage of Anti-PD-1 Antibody Treatment Is a Favorable Sign for Advanced Malignant Melanoma. Drug Discov. Ther. 2020, 14, 117–121. [Google Scholar] [CrossRef]

	



Pavan, A.; Calvetti, L.; Maso, A.D.; Attili, I.; Del Bianco, P.; Pasello, G.; Guarneri, V.; Aprile, G.; Conte, P.; Bonanno, L. Peripheral Blood Markers Identify Risk of Immune-Related Toxicity in Advanced Non-Small Cell Lung Cancer Treated with Immune-Checkpoint Inhibitors. Oncologist 2019, 24, 1128–1136. [Google Scholar] [CrossRef]

	



Basler, L.; Gabryś, H.S.; Hogan, S.A.; Pavic, M.; Bogowicz, M.; Vuong, D.; Tanadini-Lang, S.; Foerster, R.; Kudura, K.; Huellner, M.W.; et al. Radiomics, Tumor Volume, and Blood Biomarkers for Early Prediction of Pseudoprogression in Patients with Metastatic Melanoma Treated with Immune Checkpoint Inhibition. Clin. Cancer Res. Off. J. Am. Assoc. Cancer Res. 2020, 26, 4414–4425. [Google Scholar] [CrossRef]

	



Souza, B.D.C.E.; Silva, D.H.M.; Valente, N.Y.S.; Kakizaki, P.; Luce, M.C.A.; Bandeira, L.G. Cutaneous melanoma: A retrospective study of 18 years. Are there gender differences? An. Bras. Dermatol. 2021, 96, 619–623. [Google Scholar] [CrossRef]

	



Pala, L.; Conforti, F.; Pagan, E.; Bagnardi, V.; De Pas, T.M.; Mazzarol, G.; Barberis, M.; Pennacchioli, E.; Orsolini, G.; Prestianni, P.; et al. Different Response to Immunotherapy According to Melanoma Histologic Subtype. J. Immunother. 2022, 45, 119–124. [Google Scholar] [CrossRef]

	



Pontes, F.; de Souza, L.; de Abreu, M.; Fernandes, L.; Rodrigues, A.; Nascimento, D.D.; Vasconcelos, V.; Soares, C.; Corrêa, D.; Fonseca, F.; et al. Sinonasal Melanoma: A Systematic Review of the Prognostic Factors. Int. J. Oral Maxillofac. Surg. 2020, 49, 549–557. [Google Scholar] [CrossRef]

	



Thuaire, A.; Nicot, R.; Boileau, M.; Raoul, G.; Descarpentries, C.; Mouawad, F.; Germain, N.; Mortier, L.; Schlund, M. Oral Mucosal Melanoma—A Systematic Review. J. Stomatol. Oral Maxillofac. Surg. 2022, 5, e425–e432. [Google Scholar] [CrossRef] [PubMed]








[image: Cancers 14 05145 g001 550] 





Figure 1. Baseline characteristics of all included female and male patients with advanced melanoma before initiation of immune checkpoint inhibition. 
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Figure 2. Blood parameters of all included female and male patients with advanced melanoma treated with ICI at baseline, and three and six months after treatment start. 
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Figure 3. Immune-related adverse events in male and female patients with advanced melanoma treated with ICI. 
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Figure 4. Immune-related adverse events in all included patients with advanced melanoma treated with single versus double ICI. 
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Figure 5. Total tumor load (volume in ml) and total metabolic tumor load (metabolic tumor volume MTV and total lesion glycolysis TLG) at baseline, and three and six months after initiation of ICI in female and male patients with advanced melanoma. 
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Figure 6. Clinical benefit in all included female and male patients with metastatic melanoma treated with ICI. Clinical benefit being defined as no disease progression displayed on FDG-PET/CT scan six months after initiation of ICI. 
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Figure 7. Overall survival OS and progression free survival PFS of female and male patients with advanced melanoma treated with ICI. 
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Figure 8. Kaplan–Meier survival curve stratified by overall survival OS (in days) in men (orange) and women (blue) with advanced melanoma treated with immunotherapy. The female curve ends earlier than the male curve due to a shorter follow-up time (mean 620 days vs. 880 days for men), as displayed in Figure 7. 
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Figure 9. Kaplan–Meier survival curve stratified by progression free survival PFS (in days) in men (orange) and women (blue) with advanced melanoma treated with immunotherapy. The female curve ends earlier than the male curve due to a shorter follow-up time (mean 620 days vs. 880 days for men), as displayed in Figure 7. 
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Figure 10. Overall survival OS and progression free survival PFS of female and male patients with advanced melanoma treated with single vs. double ICI. 
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