



Systematic Review

Balancing Treatment Benefits and Risks of Severe Adverse Effects of Immunotherapy in Cancer: A systematic review
Abstract 

Background: Melanoma has shown resistance to conventional treatments, resulting in poor prognoses. Recent advancements in immunotherapy have improved patient outcomes. However, these therapies are associated with severe adverse reactions, raising concerns about their safety.

Methods: A systematic review was conducted to evaluate the incidence and severity of adverse effects in melanoma patients undergoing immunotherapy compared to those receiving standard chemotherapy. Literature was sourced from Ovid Medline, CINAHL, and Scopus. After screening, 14 articles were selected based on inclusion and exclusion criteria.

Results: The review revealed that ICIs are linked to a higher incidence of severe adverse events compared to traditional therapies. Of the included studies, six focused on severe reactions to ICIs, while others discussed general toxicities, risk factors, management strategies, and potential predictive tools. Notably, findings indicated that approximately 25.1% of patients treated with ICIs experienced immune-related adverse events. 

Conclusion: While ICIs have improved melanoma treatment, the increased risk of severe adverse reactions poses significant clinical challenges. Future research should focus on identifying mechanisms underlying these severe reactions and developing predictive tools. 
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Introduction 
Melanoma is regarded as the most common cutaneous neoplasm, defined as a malignancy arising from melanocytes, which originate from neural crest cells [1]. Historically, melanoma has had resistance to traditional treatment, such as chemotherapy and radiation, making the prognosis poor [1]. With the discovery of combination targeted immunotherapy and other modalities of targeted therapies, such as immune checkpoint inhibitors (ICIs), anti-PD-1, anti-PD-L1, and anti-CTLA-4 agents, there was a substantial improvement in quality of life and survival of patients [1]. According to SEER from NCI, there has been an estimated 100,640 new melanoma cases in 2024- 5.0% of all cancer diagnoses - making it the fifth most prevalent cancer in the US. In males, there was a statistically significant average annual percent change of melanoma incidence by 1.0% from 2017-2021. With the new treatment options, it also has favorable outcomes, and the death rate has decreased by a statistically significant 1.5% annually in 2017-21 in males [2].  In fact, the relative survival rate is 94.1%, which is the fourth highest among cancers [3]. Despite this important advancement in treatment, the incidence of severe adverse cutaneous reactions has raised concerns within the medical community.

Stevens-Johnson Syndrome (SJS) and Toxic Epidermal Necrolysis (TEN) are severe adverse effects linked to ICIs [4]. SJS and TEN are fatal conditions and increasing use of ICIs treatment has led to a higher incidence of SJS and TEN compared to traditional therapies, such as chemotherapy and targeted therapies [4]. This risk emphasizes the importance of understanding the relationship between these immunotherapies and their severe complications. This systematic review aims to evaluate the incidence and severity of SJS and TEN in patients with melanoma undergoing immunotherapy compared to those receiving standard chemotherapy or no treatment [20-22]. By analyzing existing literature, this review seeks to provide a comprehensive understanding of the risks associated with ICIs and to offer insights into effective management strategies. Through this analysis, we aim to contribute to the ongoing efforts to improve patient safety and treatment outcomes of melanoma therapy.

Materials and method

There were 5 possible search terms used to search on Ovid Medline, CINAHL, and Scopus created using boolean operators. The search words used were, “melanoma, Stevens-Johnson Syndrome, toxic epidermal necrolysis, and lyell disease.” The Ovid Medline, CINHAL, and Scopus database(s) resulted in 78, 13, and 420 papers, respectively. All subsequent literature was collected, and a total of 18 duplicates was removed, resulting in 493 articles eligible to be screened. The initial screen was based on the papers’ relevance to the topic. Papers were removed if they were not about the topic we were researching, SJS/TEN as a side effect to immunotherapy in patients with melanoma. After the initial review, 80 papers were left for review. The remaining 80 articles were reviewed and assessed based on our inclusion and exclusion criteria. Our inclusion criteria included any studies exploring the association between melanoma, SJS/TEN, and immunotherapy, and conducted within the United States. Exclusion criteria included papers that did not focus on immunotherapy (0 articles excluded), did not focus on melanoma (3 articles excluded), did not focus on SJS/TEN (6 articles excluded), were not produced in the United States (50 articles excluded), and were not the correct article (7 articles excluded). This review led to a final number of n=14 papers that fit both the inclusion and exclusion criteria. The articles were consolidated, and limitations and potential future research were assessed, discussed, and recorded. Figure 1 shows a visual representation of the paper and data collection discussed here, using the PRISMA model. 
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Figure 1. PRISMA Model Data Collection 

Results
A total of 14 papers were included in the systematic review that fit the inclusion criteria. The studies all discussed the significant risk of severe adverse effects such as Stevens-Johnson Syndrome (SJS) and Toxic Epidermal Necrolysis (TEN), associated with immune checkpoint inhibitors (ICIs) in the treatment of metastatic melanoma. These studies highlight the frequency, severity, and underlying mechanisms of these adverse effects, emphasizing the importance of recognition and management. While ICIs has changed melanoma treatment, the life-threatening effects present a challenge in balancing therapeutic benefits and safety. 

Below we divided all 14 articles up into five different themes; the determined these were used to describe what the overarching purpose of each article within said theme was. Theme 1, Severe Reactions to Immune Checkpoint Inhibitors (ICIs), included six articles that focused their studies on the extremely severe reactions to ICIs. Theme 2, General Toxicities and Management Strategies, included four articles that focused their studies on general toxicities seen in melanoma therapy and how those toxicities are managed. Theme 3, Risk Factors and Epidemiology, included one article that focused on incidence of adverse effects associated with ICIs. Theme 4, Management of Toxic Epidermal Necrolysis (TEN) and Transition Strategies, included two articles that focused on the management and treatment of adverse effects of immunotherapy, specifically TEN. The last theme, theme 5, Potential Predictive and Diagnostic Tools, included one article that focused on using HLA to determine the chance of adverse effects with immunotherapy. Table 1 shows a table summarizing the findings of each study included in this review.
Theme 1: Severe Reactions to Immune Checkpoint Inhibitors (ICIs)
Case Series of Stevens-Johnson Syndrome and Toxic Epidermal Necrolysis With Nivolumab and Nivolumab/ Ipilimumab Combination Therapy in Metastatic Melanoma:
The study highlights the risk of severe cutaneous immune-related adverse events (irAEs) like Stevens-Johnson Syndrome (SJS) and Toxic Epidermal Necrolysis (TEN) associated with immune checkpoint inhibitors (ICIs), specifically nivolumab and ipilimumab, used in metastatic melanoma treatment. While these ICIs improve survival rates, they can lead to rare but life-threatening skin conditions, as seen in two reported cases: a fatal SJS case linked to nivolumab and a non-fatal TEN case from combination therapy. Both conditions involve rapid skin deterioration and can affect a significant portion of the body, requiring immediate medical attention. The study underscores the need for vigilant monitoring of skin reactions in patients on ICI therapy to prevent and manage these serious adverse events [5].
Epidermal programmed cell death-ligand 1 expression in TEN associated with nivolumab therapy:
This case report highlights a rare but severe case of toxic epidermal necrolysis (TEN) linked to nivolumab; an anti-PD-1 antibody used for metastatic melanoma. While most cutaneous reactions to anti-PD-1 therapies are mild, this report describes a fatal case in which a 50-year-old woman developed TEN after months of treatment. Histology revealed increasing CD8+ lymphocytes at the dermal-epidermal junction and heightened PD-L1 expression in keratinocytes, which correlated with disease progression. Despite aggressive treatment with high-dose steroids, infliximab, and intravenous immunoglobulin (IVIg), the patient died due to complications. The findings suggest that anti-PD-1 therapies may trigger severe cytotoxic skin reactions by disrupting immune tolerance, emphasizing the need for early diagnosis, prompt discontinuation of the therapy, and further research into optimal management strategies for such cases [6]. 
High Grade Dermatologic Adverse Events Associated with Immune Checkpoint Blockade for Cancer: 

Immune Checkpoint Blockade (ICB) therapies, targeting CTLA-4, PD-1, and PD-L1, have improved survival rates in various cancers, including melanoma, non-small cell lung, renal cell, breast, and cervical cancers. However, these therapies are associated with dermatologic adverse events (DAEs), some of which can be life-threatening, such as Stevens-Johnson Syndrome (SJS), Toxic Epidermal Necrolysis (TEN), bullous eruptions, drug reaction with eosinophilia and systemic symptoms (DRESS), and acute generalized exanthematous pustulosis (AGEP). The FDA Adverse Events Reporting System (FAERS) highlights the frequency of severe DAEs across different ICB agents, with pembrolizumab, nivolumab, and ipilimumab having the highest reported cases. Additionally, SJS/TEN-like reactions, particularly with anti-PD-1/PD-L1 agents, are more common than true SJS/TEN and often have milder clinical courses. Proper identification and management of these DAEs are crucial, given that many patients have limited alternative treatment options. The presence of DAEs may even correlate with a positive anti-tumor response. Management strategies, as per the National Comprehensive Cancer Network (NCCN) guidelines, include therapies such as corticosteroids, IVIg, cyclosporine, and etanercept. In some cases, re-challenging ICB therapy after resolution of DAEs may be considered [7].
Immune-Mediated Toxic Epidermal Necrolysis

This study examines the treatment of melanoma with immune checkpoint inhibitors, specifically PD-1 and CTLA-4 inhibitors, and highlights their serious dermatological side effects, such as toxic epidermal necrolysis (TEN). The case of a 50-year-old female with metastatic melanoma is presented, who developed fatal TEN following nivolumab therapy. Despite treatment with steroids and other interventions, the patient succumbed to bacterial sepsis. This case emphasizes the evolving safety concerns surrounding checkpoint inhibitors and the critical need for early diagnosis and management of severe dermatological reactions to prevent life-threatening complications like sepsis [8].
Pembrolizumab-Induced Stevens-Johnson Syndrome/Toxic Epidermal Necrolysis in a Patient with Metastatic Cervical Squamous Cell Carcinoma: A Case Report

This is an uncommon case of Stevens–Johnson syndrome/toxic epidermal necrolysis (SJS/TEN) induced by pembrolizumab in a 55-year-old woman with metastatic cervical squamous cell carcinoma. Seventeen days following her first pembrolizumab cycle, she exhibited symptoms including fever, respiratory distress, watery eyes, and painful oral ulcers. Clinical evaluation revealed extensive erythematous papules and vesicles on the trunk and limbs, along with hemorrhagic plaques on the lips and buccal mucosa. Biopsy results confirmed SJS/TEN. This case underscores the need for heightened awareness of SJS/TEN as a potential adverse effect in patients undergoing treatment with pembrolizumab for advanced malignancies [9].
Stevens-Johnson syndrome manifesting late in the course of pembrolizumab therapy
This study reports a rare case of Stevens-Johnson Syndrome (SJS) in a patient who had previously tolerated pembrolizumab, a monoclonal antibody targeting programmed cell death receptor-1, for metastatic melanoma without significant side effects for seven months. The patient, a 55-year-old woman, developed SJS characterized by painful mucosal ulcers and erythematous papules after nine cycles of treatment. Immediate discontinuation of pembrolizumab and initiation of high-dose prednisone led to improvement and complete resolution of symptoms within four weeks. This case highlights that severe reactions like SJS can occur even after prolonged, uneventful use of pembrolizumab, underscoring the importance of prompt recognition and discontinuation of the offending agent for a favorable outcome [10].
Theme 2: General Toxicities and Management Strategies

Cutaneous Complications of Targeted Melanoma Therapy

Recent advancements in the treatment of advanced and metastatic melanoma, particularly the approval of eight key drugs since 2011, have significantly improved patient survival but also introduced a range of cutaneous toxicities. These therapies, including combinations of small molecule kinase inhibitors and immune checkpoint inhibitors, have revolutionized melanoma management but pose challenges due to skin-related adverse events, which range from mild reactions to severe, life-threatening conditions such as Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN). While most skin reactions can be managed with topical treatments, serious complications require prompt recognition and intervention. The study emphasizes the importance of collaboration between oncologists and dermatologists to manage these toxicities effectively, ensuring that treatment is not unnecessarily interrupted, and that patient quality of life is maintained. A team-based approach is crucial to optimizing outcomes in melanoma management as patients experience prolonged survival due to these therapies [11].
Ipilimumab and its toxicities: A multidisciplinary approach

The study investigates immune-related adverse events (irAEs) associated with ipilimumab, a cancer immunotherapy. Key findings include dermatologic toxicities, such as rash and pruritus, which are common and usually mild, though severe cases may require hospitalization and high-dose steroids. Enterocolitis is another frequent irAE, often presenting as diarrhea, with management guidelines suggesting early intervention and potential use of infliximab for severe cases. Hepatotoxicity, though rare, can be serious, with monitoring and steroid treatment recommended for elevated liver enzymes. Endocrinopathies, notably hypophysitis, are less common but may require ongoing steroid therapy. Neurologic toxicities, though rare, can be severe and may necessitate permanent cessation of therapy. The study underscores the necessity of vigilant monitoring and tailored treatment strategies for managing ipilimumab-related irAEs [12].
Ipilimumab in patients with cancer and the management of dermatologic adverse events

Ipilimumab, a fully human monoclonal antibody targeting CTLA-4, enhances T-cell antitumor responses and is used to treat advanced melanoma. Phase III trials have shown that ipilimumab significantly improves survival in both previously treated and naïve patients with metastatic melanoma. While it is generally well-tolerated, with most treatment-related adverse events (AEs) being grade 1 or 2 and reversible with proper management, a significant proportion of patients (64%) experience immune-related AEs (irAEs), with dermatologic issues being the most common. These skin-related irAEs, including maculopapular rash, pruritus, and vitiligo, often appear early in treatment and can be managed effectively with guidelines emphasizing vigilance and early intervention. Histological studies reveal specific immune cell infiltrates associated with these rashes, underscoring the importance of adhering to management protocols to maintain quality of life and treatment efficacy [13].
Safety of resuming anti-PD-1 in patients with immune-related adverse events (irAEs) during combined anti-CTLA-4 and anti-PD1 in metastatic melanoma

This study investigates the safety of resuming anti-PD-1 therapy in patients who experienced severe immune-related adverse events (irAEs) from combined CTLA-4 and PD-1 blockade, leading to treatment discontinuation. Analyzing 80 patients across four academic centers, the study found that anti-PD-1 rechallenge was associated with a 50% rate of irAEs, including recurrent or new toxicities. Of these patients, 18% experienced recurrent irAEs, with colitis being less likely to recur compared to other irAEs (6% vs. 28%). Additionally, 21% of patients developed distinct, significant new irAEs. The duration of steroid taper and additional immunosuppressant use did not predict toxicity upon resumption; however, patients on ongoing steroid therapy at anti-PD-1 resumption had a higher rate of new toxicities. Overall, while the risk of recurrent or distinct irAEs is notable, anti-PD-1 rechallenge can be considered for selected patients, particularly those who previously had colitis [14].
Theme 3: Risk Factors and Epidemiology

Epidemiology and risk factors for the development of cutaneous toxicities in patients treated with immune-checkpoint inhibitors: A United States population-level analysis
This study investigated the incidence, distribution, and risk factors of cutaneous immune-related adverse events (irAEs) in cancer patients treated with immune checkpoint inhibitors (ICIs) by analyzing a large national insurance claims database. Among 8,637 ICI-treated patients, 25.1% developed cutaneous irAEs, with a median onset time of 113 days. The study identified higher incidences of skin conditions such as pruritus, mucositis, erythroderma, and vitiligo in the ICI group compared to matched controls. Patients with melanoma, renal cell carcinoma, and those on combination ICI therapies were at particularly high risk. Additionally, 1 in 20 patients required systemic immunosuppression following the onset of a cutaneous irAE. These findings are crucial for dermatologists in early diagnosis and management of skin-related toxicities in patients undergoing ICI therapy [15].


Theme 4: Management of Toxic Epidermal Necrolysis (TEN) and Transition Strategies

Successful dabrafenib transition after vemurafenib-induced toxic epidermal necrolysis in a patient with metastatic melanoma

This study explores the case of a 47-year-old woman with metastatic melanoma who experienced toxic epidermal necrolysis (TEN) after starting vemurafenib combined with cobimetinib. Following the adverse reaction, she successfully transitioned to dabrafenib, a BRAF inhibitor with a sulfonamide moiety like vemurafenib, with the addition of trametinib and corticosteroids. The gradual dose escalation of dabrafenib, alongside careful monitoring, led to significant tumor response and minimal side effects. The study highlights the potential for dabrafenib to be a viable alternative in patients with severe hypersensitivity to vemurafenib, suggesting that careful management and dosing can mitigate risks of adverse reactions while maintaining therapeutic benefits [16].


Stevens-Johnson syndrome/toxic epidermal necrolysis in a patient receiving concurrent radiation and qemcitabine

This study reports a patient with stage IV malignant melanoma, who was undergoing daily radiotherapy and low-dose gemcitabine (100 mg/m²), developed a severe blistering skin rash, fever, and neutropenia, indicative of Stevens-Johnson syndrome/toxic epidermal necrolysis (SJS/TEN). A skin biopsy confirmed the diagnosis. This case highlights a significant potential complication of combining gemcitabine with radiotherapy and reviews existing literature on similar adverse reactions linked to chemotherapy and radiotherapy [17]. 
Theme 5: Potential Predictive and Diagnostic Tools

The potential role of HLA typing to risk stratify melanoma patients on immunotherapy with associated SJS: pitfalls and opportunities

The study examines the severe cutaneous side effects of immune checkpoint inhibitors, focusing on a 48-year-old male with melanoma who developed Stevens-Johnson Syndrome (SJS) following immunotherapy. Initially treated with nivolumab, the patient experienced systemic metastasis, prompting a switch to a combination of ipilimumab and nivolumab. After the first combination infusion, he developed a mild rash and was treated with topical medications. However, subsequent infusions led to severe colitis and a worsening rash, eventually progressing to SJS. The patient's SJS was managed with intravenous immunoglobulin (IVIG) and infliximab, leading to improvement. Four and a half years later, the patient had no evidence of metastatic melanoma. The study highlights the importance of recognizing and managing severe immunotherapy-related adverse effects and suggests that HLA typing may be useful in predicting susceptibility to such severe reactions [18]. 

Table 1. Summary of Each Article Included in the Review 

	Article Title
	Authors
	Year Published 
	Study Summary

	Case Series of Stevens-Johnson Syndrome and Toxic Epidermal Necrolysis with Nivolumab and Nivolumab/ Ipilimumab Combination Therapy in Metastatic Melanoma [5]
	Olivia S. Lee, Marva Masood, Fnu Nutan
	2022
	The study reports on the risk of severe cutaneous immune-related adverse events, such as Stevens-Johnson Syndrome (SJS) and Toxic Epidermal Necrolysis (TEN), associated with immune checkpoint inhibitors like nivolumab and ipilimumab in metastatic melanoma treatment, emphasizing the need for vigilant monitoring to prevent and manage these rare but potentially life-threatening conditions.

	Epidermal programmed cell death-ligand 1 expression in TEN associated with nivolumab therapy [6]
	Karina L. Vivar, Maria Deschaine, Jane Messina, Jennifer M. Divine, Alejandro Rabionet, Nishit Patel, Michael A. Harrington, Lucia Seminario-Vidal.
	2016
	This systematic review details a rare and fatal case of toxic epidermal necrolysis (TEN) linked to nivolumab, an anti-PD-1 antibody for metastatic melanoma, highlighting the severe cutaneous reactions that can arise despite the generally mild nature of most skin responses to anti-PD-1 therapies, and emphasizing the importance of early diagnosis, prompt treatment discontinuation, and further research on management strategies.

	High Grade Dermatologic Adverse Events Associated with Immune Checkpoint Blockade for Cancer [7]


	Alyce M. Kuo, Alina Markova.






	2022
	Immune Checkpoint Blockade (ICB) therapies targeting CTLA-4, PD-1, and PD-L1 have significantly improved survival rates in various cancers, including melanoma and lung cancer, but they also carry risks of serious dermatologic adverse events (DAEs), such as Stevens-Johnson Syndrome (SJS) and Toxic Epidermal Necrolysis (TEN), with the FDA Adverse Events Reporting System indicating higher incidences with agents like pembrolizumab, nivolumab, and ipilimumab; proper management of these DAEs, which can correlate with positive anti-tumor responses, is essential and may involve treatments like corticosteroids and IVIg, along with careful consideration of re-challenging therapy after resolution.

	Immune-Mediated Toxic Epidermal Necrolysis [8]
	Dinesh Keerty, Viktoriya Koverzhenko, Dalila Belinc, Katie LaPorta, Elizabeth Haynes.
	2020
	This study explores the treatment of melanoma with immune checkpoint inhibitors, focusing on PD-1 and CTLA-4 inhibitors, and presents a case of a 50-year-old woman who developed fatal toxic epidermal necrolysis (TEN) after nivolumab therapy, highlighting the serious dermatological side effects and the urgent need for early diagnosis and management to prevent complications like bacterial sepsis.

	Pembrolizumab-Induced Stevens–Johnson Syndrome/Toxic Epidermal Necrolysis in a Patient With Metastatic Cervical Squamous Cell Carcinoma: A Case Report [9]


	Shamika Robinson, Jasmine Saleh, Jonathan Curry, Kumaran Mudaliar.
	2020
	This uncommon case details a 55-year-old woman with metastatic cervical squamous cell carcinoma who developed Stevens–Johnson syndrome/toxic epidermal necrolysis (SJS/TEN) induced by pembrolizumab, presenting 17 days after her first treatment with symptoms such as fever, respiratory distress, and painful oral ulcers, and highlighting the critical need for increased awareness of SJS/TEN as a potential adverse effect of pembrolizumab in patients receiving treatment for advanced malignancies.

	Stevens-Johnson syndrome manifesting late in the course of pembrolizumab therapy [10]


	Andrew Hwang, Andrew Iskandar, Constantin A. Dasanu.
	2018
	This study presents a rare case of Stevens-Johnson Syndrome (SJS) in a 55-year-old woman with metastatic melanoma who developed SJS after nine cycles of pembrolizumab, despite initially tolerating the treatment well for seven months; immediate discontinuation of the drug and initiation of high-dose prednisone resulted in complete symptom resolution within four weeks, emphasizing the need for prompt recognition and management of severe adverse reactions.

	Cutaneous Complications of Targeted Melanoma Therapy [11]
	Emily de Golian, Bernice Y. Kwong, Susan M. Swetter, Silvina B. Pugliese
	2016
	The study highlights that while recent advancements in advanced and metastatic melanoma treatments, particularly the introduction of eight key drugs since 2011, have significantly improved survival rates, they have also increased the incidence of cutaneous toxicities, ranging from mild reactions to severe conditions like Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN), necessitating effective collaboration between oncologists and dermatologists to manage these side effects without disrupting treatment.

	Ipilimumab and Its Toxicities: A Multidisciplinary Approach [12]
	Leslie A. Fecher, Sanjiv S. Agarwala, F. Stephen Hodi, Jeffrey S. Weber.
	2013
	The study examines immune-related adverse events (irAEs) associated with ipilimumab, highlighting common dermatologic toxicities like rash and pruritus, frequent enterocolitis presenting as diarrhea, serious but rare hepatotoxicity, less common endocrinopathies such as hypophysitis, and severe neurologic toxicities, emphasizing the need for vigilant monitoring and tailored management strategies for these irAEs.

	Ipilimumab in patients with cancer and the management of dermatologic adverse events [13]
	Mario E. Lacouture, Jedd D. Wolchok, Gil Yosipovitch, Katharina C. Kähler, Klaus J. Busam, Axel Hauschild.
	2014
	Ipilimumab, a fully human monoclonal antibody targeting CTLA-4, is effective in treating advanced melanoma and has been shown in Phase III trials to significantly improve survival rates in both previously treated and naïve metastatic melanoma patients; however, 64% of patients experience immune-related adverse events (irAEs), primarily dermatologic issues like maculopapular rash and pruritus, which often arise early in treatment but can be effectively managed with adherence to guidelines that emphasize vigilance and early intervention, supported by histological studies indicating specific immune cell infiltrates.

	Safety of resuming anti-PD-1 in patients with immune-related adverse events (irAEs) during combined anti-CTLA-4 and anti-PD1 in metastatic melanoma [14]


	M.H. Pollack, A. Betof, H. Dearden, K. Rapazzo, I. Valentine, A.S. Brohl, K.K. Ancell, G.V. Long, A.M. Menzies, Z. Eroglu, D.B. Johnson, A.N. Shoushtari.
	2018
	This study assesses the safety of resuming anti-PD-1 therapy in patients who previously experienced severe immune-related adverse events (irAEs) from combined CTLA-4 and PD-1 blockade, finding a 50% rate of irAEs upon rechallenge, with 18% experiencing recurrent irAEs and 21% developing significant new irAEs, suggesting that while notable risks exist, rechallenge may be viable for selected patients, especially those with a history of colitis.

	Epidemiology and risk factors for the development of cutaneous toxicities in patients treated with immune-checkpoint inhibitors: A United States population-level analysis [15]
	Shannon Wongvibulsin, Vartan Pahalyants, Mark Kalinich, William Murphy, Kun-Hsing Yu, Feicheng Wang, Steven T. Chen, Kerry Reynolds, Shawn G. Kwatra, Yevgeniy R. Semenov
	2022
	The study analyzed a large national insurance claims database to investigate the incidence, distribution, and risk factors of cutaneous immune-related adverse events (irAEs) in cancer patients treated with immune checkpoint inhibitors (ICIs), finding that  % of the 8,637 patients developed skin conditions like pruritus and vitiligo, with melanoma and renal cell carcinoma patients at higher risk, and highlighting the need for dermatologists to focus on early diagnosis and management of these toxicities.

	Successful dabrafenib transition after vemurafenib-induced toxic epidermal necrolysis in a patient with metastatic melanoma [16]
	Ahmed I. Tahsee, Neel B. Patel






	2018
	This study presents a 47-year-old woman with metastatic melanoma who developed toxic epidermal necrolysis (TEN) after starting vemurafenib and cobimetinib, but successfully transitioned to dabrafenib with trametinib and corticosteroids, resulting in significant tumor response and minimal side effects, thereby suggesting that dabrafenib may be a viable alternative for patients with severe hypersensitivity to vemurafenib when managed carefully.

	Stevens–Johnson syndrome/toxic epidermal necrolysis in a patient receiving concurrent radiation and gemcitabine [17]


	Karen R. Sommers, Kevin M. Kong, Dang T. Bui, John P. Fruehauf, Randall F. Holcombe
	2003
	This study describes a patient with stage IV malignant melanoma who developed Stevens-Johnson syndrome/toxic epidermal necrolysis (SJS/TEN) characterized by a severe blistering skin rash, fever, and neutropenia while receiving daily radiotherapy and low-dose gemcitabine, underscoring the serious complications associated with this combination and reviewing related literature on similar adverse reactions.

	The potential role of HLA typing to risk stratify melanoma patients on immunotherapy with associated SJS: pitfalls and opportunities [18]


	Elizabeth Schoenberg, Darius Mehregan, Beth Colombe, Ezra Hazan, Bahar Dasgeb
	2021
	This study investigates the severe cutaneous side effects of immune checkpoint inhibitors through the case of a 48-year-old male with melanoma who developed Stevens-Johnson Syndrome (SJS) after initially receiving nivolumab and later switching to a combination of ipilimumab and nivolumab, ultimately managing his SJS with intravenous immunoglobulin (IVIG) and infliximab, resulting in significant improvement and no evidence of metastatic melanoma four and a half years later, while highlighting the need for recognition and management of severe immunotherapy-related adverse effects and the potential role of HLA typing in predicting susceptibility to such reactions.


Discussion

Immunotherapy improved survival rates for melanoma patients, but this benefit comes with a risk of severe immune-related adverse events (irAEs). The reviewed studies indicate that ICIs are associated with a higher incidence of these severe reactions compared to traditional chemotherapy treatment [5-18]. For instance, a case series explored in this review reported fatal SJS linked to nivolumab and severe TEN following combination therapy with nivolumab and ipilimumab [5]. In addition, one of the studies in this review explored how the national insurance claims data revealed that 25.1% of patients treated with ICIs developed irAEs, with a significant number requiring immunosuppression [15]. Traditional chemotherapy on the other hand has a lower incidence of severe reactions compared to immunotherapy [19]. Thus, the data suggests that while ICIs are effective in treating melanoma, they have a higher risk of severe complications [19].


The studies also highlight the importance of managing severe irAEs; effective management requires collaboration among healthcare professionals to ensure timely intervention and avoid treatment interruptions. For example, who study explored how patients who developed TEN or SJS following nivolumab therapy required aggressive treatments like high-dose steroids, infliximab, and intravenous immunoglobulin [18]. The risk of developing severe irAEs may also impact further treatment decisions, including the timing of rechallenging patients with ICIs after an adverse event [14]. The study that explored the findings regarding the safety of resuming anti-PD-1 therapy in patients who experienced irAEs showed that rechallenge could be an option, but the risk of recurrent or new toxicities should be considered [14]. 


Further research is necessary to understand the mechanisms behind the severe reactions and to identify ways to help predict risks for patients on immunotherapies. One article in this study discussed the role of HLA typing and additional research should be done to fully explore this possibility [18]. In addition, future research should be conducted on the immunological factors that cause the adverse effects seen on patients taking ICIs. 

Conclusion 

In summary, this review highlights that while immunotherapy with ICIs offers substantial benefits for melanoma patients, it is associated with a higher risk of severe adverse events, including Stevens-Johnson Syndrome and Toxic Epidermal Necrolysis. Effective monitoring and early intervention are essential to reduce the risk of severe outcomes and maintain the efficacy of treatment.

Future research should focus on developing strategies for early detection and management of adverse effects of patients using ICIs. Additionally, exploring genetic connections, such as HLA typing, may help with the discovering of treatment approaches that reduce the incidence and severity of these adverse events. Balancing therapeutic benefits with the management of severe side effects is important for optimizing patient outcomes.
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