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Abstract 

The advent of immune checkpoint inhibitors (ICIs) has transformed the treatment landscape. This systematic review 

compares the survival outcomes of ICI-based therapies with those of traditional chemotherapy in patients with 

advanced melanoma. A systematic search of PubMed, Google Scholar, Semantic Scholar, Springer, and Wiley 

Online Library was conducted to identify randomized controlled trials (RCTs) comparing ICIs 

(ipilimumab, nivolumab, pembrolizumab) with traditional chemotherapy (e.g., dacarbazine) in patients with 

unresectable stage III or IV melanoma. Primary outcomes were overall survival (OS) and progression-free survival 

(PFS). Secondary outcomes included objective response rate (ORR), duration of response (DoR), landmark survival 

rates, safety, and health-related quality of life (HRQoL). The Cochrane Risk of Bias 2 (RoB 2) tool was used for 

quality assessment. Seventeen RCTs met the inclusion criteria for analysis. Across pivotal trials, ICIs demonstrated 

a substantial survival advantage over chemotherapy. In treatment-naïve patients, nivolumab reduced the risk of 

death by 58% compared with dacarbazine (HR = 0.42), and ipilimumab in combination with dacarbazine reduced 

the risk of death by 28% (HR = 0.72). Long-term follow-up data reveal a plateau in survival curves for ICI-treated 

patients, with 10-year OS rates approaching 50% for combination immunotherapy—a phenomenon not observed 

with chemotherapy. ICIs also yielded higher and more durable tumor responses. The safety profiles were distinct: 

chemotherapy was associated with myelosuppression and nausea, whereas ICIs were characterized by immune-

related adverse events (irAEs). The results confirm a paradigm shift in the management of advanced melanoma. 
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INTRODUCTION 

For decades, a diagnosis of advanced (unresectable or metastatic) melanoma was associated 

with a profoundly poor prognosis (Ugurel et al., 2017). The therapeutic landscape was barren, 

offering little hope for meaningful, long-term survival. The cornerstone of systemic treatment was 

traditional chemotherapy, with the alkylating agent dacarbazine (DTIC) serving as the most 

frequently used agent since its approval.(Hauschild et al., 2012; Pham et al., 2023) However, its 

clinical utility was exceptionally limited. Dacarbazine monotherapy produced objective response 

rates of only 9–29%, with complete responses being exceedingly rare (around 5%), and a median 

duration of response lasting a mere 5 to 6 months before inevitable disease progression (Hauschild 

et al., 2012; Pham et al., 2023). 

Despite its position as the standard comparator in clinical trials, dacarbazine was never 

demonstrated to improve overall survival in randomized, controlled studies (Larkin et al., 2017; 

Robert, Long, et al., 2015; Wolchok et al., 2011). Its status as a "standard of care" was one of 

default, a reflection of the absence of more effective alternatives rather than proven efficacy. 
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Furthermore, hematopoiesis suppression is commonly observed due to its nonspecific cytotoxicity. 

Consequently, patients with metastatic melanoma faced a median survival of just 6 to 9 months, 

and 5-year survival rates were consistently below 10 percent (Maio et al., 2015; Sood et al., 2021). 

The only other approved therapy was high-dose interleukin-2 (IL-2), an early form of non-

specific immunotherapy. IL-2 could induce durable, complete responses in a small, selected subset 

of patients. Approximately 4% patient achieved complete responses in metastatic melanoma. This 

potential benefit might offset by severe, life-threatening toxicities, including vascular leak 

syndrome, which necessitated administration in a specialized inpatient setting (Hauschild et al., 

2012; Raeber et al., 2023; Ribas et al., 2015). These substantial risks limited its application to only 

the young and physically robust patients, leaving the vast majority with no viable options beyond 

palliative chemotherapy (Hauschild et al., 2012; Motzer et al., 2018; Sood et al., 2021). This dire 

clinical context underscored a profound unmet need for novel therapeutic strategies capable of 

altering the natural history of the disease. 

The treatment of advanced melanoma was revolutionized by landmark discoveries in tumor 

immunology, specifically the elucidation of immune checkpoint pathways. These pathways, 

involving receptors on T-cells and their corresponding ligands, are crucial negative regulators that 

maintain self-tolerance and prevent excessive autoimmune reactions(Ibis et al., 2023; Motzer et 

al., 2018; Reck et al., 2019; Robert, Schachter, et al., 2015). Cancer cells exploit these 

physiological "brakes" on the immune system to evade detection and destruction. Two of the most 

critical pathways hijacked by melanoma cells are the cytotoxic T-lymphocyte-associated antigen 

4 (CTLA-4) and the programmed cell death protein 1 (PD-1) pathways (Ibis et al., 2023; Reck et 

al., 2019; Robert et al., 2015c). 

Immune checkpoint inhibitors (ICIs) are monoclonal antibodies engineered to block these 

inhibitory signals, thereby unleashing the patient's own immune system to attack the tumor. The 

first of this class to demonstrate a survival benefit was ipilimumab, an anti-CTLA-4 antibody. 

CTLA-4 acts as a primary negative regulator during the initial T-cell activation and priming phase, 

which occurs in the lymph nodes. By blocking CTLA-4, ipilimumab promotes the proliferation 

and diversification of tumor-reactive T-cells, effectively expanding the army of potential cancer-

fighting immune cells (He et al., 2022; Hellmann et al., 2019). 

Subsequently, anti-PD-1 antibodies, including nivolumab and pembrolizumab, were 

developed. The PD-1 receptor is expressed on activated T-cells primarily within peripheral tissues 

and the tumor microenvironment. Its ligand, PD-L1, is often upregulated on the surface of tumor 

cells. The binding of PD-1 to PD-L1 induces a state of T-cell "exhaustion," rendering them unable 

to perform their cytotoxic function. Anti-PD-1 antibodies block this interaction, restoring the 

ability of pre-existing, tumor-infiltrating T-cells to recognize and kill cancer cells (Fessas et al., 

2017; He et al., 2022; Weber et al., 2015). 

The distinct and non-redundant mechanisms of these two classes of ICIs provide a strong 

biological rationale for their use in combination. While CTLA-4 blockade serves to prime and 

expand the T-cell repertoire, PD-1 blockade enables those T-cells to function effectively at the 

tumor site. This complementary action suggests a synergistic effect, where ipilimumab "turns on 
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the immune response" and nivolumab or pembrolizumab "removes the protective shield" from the 

cancer cells, leading to a more potent and comprehensive anti-tumor attack (Mandalà et al., 2025; 

Tawbi et al., 2025). This principle has been validated in clinical trials, such as CheckMate 067, 

which demonstrated superior efficacy for the combination of nivolumab and ipilimumab over 

either agent alone (Larkin et al., 2017; Wolchok et al., 2025). 

The primary objective of this systematic review is to synthesize and quantify the difference 

in survival outcomes, specifically overall survival (OS) and progression-free survival (PFS), 

between ICI-based therapies and traditional chemotherapy for patients with advanced melanoma. 

Secondary objectives are to compare objective response rates (ORR), the durability of responses, 

safety profiles, and health-related quality of life (HRQoL). 

By consolidating evidence from pivotal randomized controlled trials (RCTs), this review 

provides a definitive, high-level summary for clinicians, patients, and healthcare policymakers. It 

serves to reinforce clinical practice guidelines, inform patient counseling regarding expected 

outcomes and toxicities, and highlight the transformative impact of immunotherapy on this 

disease. 

It is hypothesized that ICI-based therapies are associated with statistically significant and 

clinically meaningful improvements in OS, PFS, and tumor response rates compared to traditional 

chemotherapy regimens. 

While individual RCTs have established the superiority of ICIs over chemotherapy, a 

comprehensive systematic review dedicated to the foundational comparison ICIs versus the prior 

chemotherapy standard is essential. Such a review, incorporating the most recently published long-

term follow-up data, is needed to fully capture the magnitude of this therapeutic revolution and its 

long-term implications. 

The novelty of this review lies in its scope. It incorporates a formal risk of bias assessment 

and provides a deep analysis of the mature, long-term survival data that has emerged over the past 

decade. This provides a definitive 10-year perspective on the durability of the benefit conferred by 

immunotherapy, moving the discussion beyond median survival improvements to the phenomenon 

of long-term survivorship. 

The research objectives are to synthesize and quantify the differences in survival outcomes 

(OS, PFS, landmark survival rates) between ICI-based therapies and traditional chemotherapy for 

advanced melanoma, and to compare toxicity profiles and health-related quality of life. The 

research contribution is threefold: clinical (providing definitive evidence for practice guidelines), 

educational (informing patient counseling), and policy (supporting formulary and resource 

allocation decisions). The benefits are experienced by clinicians in treatment selection, patients in 

informed decision-making, and policymakers in determining cost-effectiveness of expensive 

immunotherapies that offer durable long-term survival. 
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METHODS 

Search Strategy and Study Selection 

A systematic literature search was conducted in the PubMed, Google Scholar, Semanthic 

Scholar, Springer, Wiley Online Library databases from their inception to September 2024. The 

search was supplemented by a manual review of abstracts from major oncology conference 

proceedings, including the American Society of Clinical Oncology (ASCO) and the European 

Society for Medical Oncology (ESMO). The search strategy combined Medical Subject Headings 

(MeSH) and text keywords related to the population, intervention, and study design.  

Eligibility Criteria (PICO Framework) 

Studies were included in this systematic review if they met the following criteria based on 

the Population, Intervention, Comparator, Outcomes, and Study Design (PICO) framework: 

● Population (P): Studies enrolling adult patients (age ≥ 18 years) with histologically 

confirmed, unresectable Stage III or Stage IV melanoma. 

● Intervention (I): Treatment with an approved ICI, including ipilimumab, nivolumab, or 

pembrolizumab, administered either as monotherapy or in combination with chemotherapy. 

● Comparator (C): Treatment with a standard-of-care traditional chemotherapy regimen, 

including dacarbazine, temozolamide, or a platinum-based doublet (e.g., paclitaxel plus 

carboplatin). 

● Outcomes (O): Studies reporting on at least one of the primary outcomes of interest. A 

minimum of 15 outcomes were pre-specified for extraction: 

○ Primary Outcomes: Overall Survival (OS), Progression-Free Survival (PFS). 

○ Secondary Outcomes: Objective Response Rate (ORR), Complete Response (CR) rate, 

Duration of Response (DOR), Time to Response (TTR), 1-year OS rate, 2-year OS rate, 

3-year OS rate, 5-year OS rate, 10-year OS rate, Melanoma-Specific Survival (MSS), 

incidence of any Grade 3-4 treatment-related adverse events (TRAEs), incidence of 

specific Grade 3-4 immune-related adverse events (irAEs), treatment discontinuation rate 

due to AEs, and Health-Related Quality of Life (HRQoL) scores. 

● Study Design (S): Phase II or III Randomized Controlled Trials (RCTs). 

 

Search Strategy 

Table 1 The keywords used for this research based PICO : 

Element Keyword 1 Keyword 2 Keyword 3 Keyword 4 

Population (P) Advanced 

Melanoma  

Unresectable 

Melanoma 

Metastatic 

Melanoma 

Stage III/IV 

Melanoma 

Intervention (I) Immune Checkpoint 

Inhibitors (ICIs) 

Immunotherapy Anti-PD-1 Therapy Anti-CTLA-4 

Therapy 

Comparison (C) Traditional 

Chemotherapy 

Chemotherapy Dacarbazine Cytotoxic Agents 

Outcome (O) Survival Outcomes Overall Survival 

(OS) 

Progression-Free 

Survival (PFS) 

Treatment Efficacy 
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The Boolean MeSH keywords inputted on databases for this research are: ("Advanced 

Melanoma" OR "Unresectable Melanoma" OR "Metastatic Melanoma" OR "Stage III/IV 

Melanoma") AND ("Immune Checkpoint Inhibitors" OR "Immunotherapy" OR "Anti-PD-1 

Therapy" OR "Anti-CTLA-4 Therapy") AND ("Traditional Chemotherapy" OR "Chemotherapy" 

OR "Dacarbazine" OR "Cytotoxic Agents") AND ("Survival Outcomes" OR "Overall Survival" OR 

"Progression-Free Survival" OR "Treatment Efficacy") 

 

Table 2. Article Search Strategy 

Database Keywords Hits 

Pubmed ("Advanced Melanoma" OR "Unresectable Melanoma" OR "Metastatic Melanoma" 

OR "Stage III/IV Melanoma") AND ("Immune Checkpoint Inhibitors" OR 

"Immunotherapy" OR "Anti-PD-1 Therapy" OR "Anti-CTLA-4 Therapy") AND 

("Traditional Chemotherapy" OR "Chemotherapy" OR "Dacarbazine" OR 

"Cytotoxic Agents") AND ("Survival Outcomes" OR "Overall Survival" OR 

"Progression-Free Survival" OR "Treatment Efficacy") 

67 

Semantic 

Scholar 

("Advanced Melanoma" OR "Unresectable Melanoma" OR "Metastatic Melanoma" 

OR "Stage III/IV Melanoma") AND ("Immune Checkpoint Inhibitors" OR 

"Immunotherapy" OR "Anti-PD-1 Therapy" OR "Anti-CTLA-4 Therapy") AND 

("Traditional Chemotherapy" OR "Chemotherapy" OR "Dacarbazine" OR 

"Cytotoxic Agents") AND ("Survival Outcomes" OR "Overall Survival" OR 

"Progression-Free Survival" OR "Treatment Efficacy") 

34 

Springer ("Advanced Melanoma" OR "Unresectable Melanoma" OR "Metastatic Melanoma" 

OR "Stage III/IV Melanoma") AND ("Immune Checkpoint Inhibitors" OR 

"Immunotherapy" OR "Anti-PD-1 Therapy" OR "Anti-CTLA-4 Therapy") AND 

("Traditional Chemotherapy" OR "Chemotherapy" OR "Dacarbazine" OR 

"Cytotoxic Agents") AND ("Survival Outcomes" OR "Overall Survival" OR 

"Progression-Free Survival" OR "Treatment Efficacy") 

6,619 

Google 

Scholar 

("Advanced Melanoma" OR "Unresectable Melanoma" OR "Metastatic Melanoma" 

OR "Stage III/IV Melanoma") AND ("Immune Checkpoint Inhibitors" OR 

"Immunotherapy" OR "Anti-PD-1 Therapy" OR "Anti-CTLA-4 Therapy") AND 

("Traditional Chemotherapy" OR "Chemotherapy" OR "Dacarbazine" OR 

"Cytotoxic Agents") AND ("Survival Outcomes" OR "Overall Survival" OR 

"Progression-Free Survival" OR "Treatment Efficacy") 

18,300 

Wiley 

Online 

Library 

("Advanced Melanoma" OR "Unresectable Melanoma" OR "Metastatic Melanoma" 

OR "Stage III/IV Melanoma") AND ("Immune Checkpoint Inhibitors" OR 

"Immunotherapy" OR "Anti-PD-1 Therapy" OR "Anti-CTLA-4 Therapy") AND 

("Traditional Chemotherapy" OR "Chemotherapy" OR "Dacarbazine" OR 

"Cytotoxic Agents") AND ("Survival Outcomes" OR "Overall Survival" OR 

"Progression-Free Survival" OR "Treatment Efficacy") 

39 
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Figure 1. Article search flowchart 

 

Data Extraction and Management 

A standardized data extraction form was developed and piloted before use. Two independent 

reviewers extracted data from each included study. The extracted information included: 

1. Study Identifiers: First author, year of publication, trial acronym. 

2. Study Characteristics: Trial phase, study design (e.g., double-blind, open-label), sample 

size. 

3. Patient Characteristics: Median age, sex distribution, ECOG performance status, BRAF 

mutation status, disease stage. 

4. Intervention and Comparator Details: Drug name, dose, schedule, and duration of therapy. 

5. Follow-up: Median follow-up duration. 

6. Outcome Data: All pre-specified efficacy, safety, and HRQoL outcomes, including hazard 

ratios (HRs), 95% confidence intervals (CIs), medians, and percentages. 
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Assessment of Methodological Quality 

The methodological quality and risk of bias of each included RCT were independently 

assessed by two reviewers using the revised Cochrane Risk of Bias tool for randomized trials (RoB 

2) (Sterne et al., 2019). This tool evaluates bias across five distinct domains: 

● Domain 1: Bias arising from the randomization process. 

● Domain 2: Bias due to deviations from intended interventions. 

● Domain 3: Bias due to missing outcome data. 

● Domain 4: Bias in measurement of the outcome. 

● Domain 5: Bias in selection of the reported result. 

For each domain, a judgment of 'Low risk of bias', 'Some concerns', or 'High risk of bias' 

was assigned based on answers to signaling questions. An overall risk of bias judgment was then 

determined for each study's primary outcome. Discrepancies were resolved by a third reviewer. 

 

RESULTS AND DISCUSSION 

Characteristics of Included Studies 

The key characteristics of the 13 included RCTs are summarized in Table 1. The four pivotal 

trials directly comparing ICIs to chemotherapy involved a total of 1,865 patients. These trials 

evaluated ipilimumab plus dacarbazine (Wolchok, Thomas, Bondarenko, et al., 2011), nivolumab 

monotherapy (Robert, Long, Brady, et al., 2015; Weber, D'Angelo, Minor, et al., 2015), and 

pembrolizumab monotherapy (Ribas et al., 2015). against dacarbazine or investigator's choice of 

chemotherapy. Patient populations included both treatment-naive individuals and those whose 

disease had progressed on prior therapies. Other key trials included for contextual analysis were 

CheckMate 067, which established the benefit of combination immunotherapy, and KEYNOTE-

006, which demonstrated the superiority of an anti-PD-1 agent over an anti-CTLA-4 agent. 

 

Table 3: Characteristics of Included Randomized Controlled Trials 

Authors Trial 

Acronym 

Year Phase Study 

Design 

No. of 

Patients 

Patient 

Population 

Intervention Comparator Primary 

Endpoint  

Direct Comparisons 

Wolchok et 

al.(Wolchok 

et al., 2011) 

CA184-024 2011 III Double-

blind RCT 

502 Treatment-

naive, 

unresectable 

Stage III/IV 

Ipilimumab 10 

mg/kg + 

Dacarbazine 

850 mg/m² 

Placebo + Dacarbazine 

850 mg/m² 

OS 

Robert et 

al.(Robert, 

Long, et al., 

2015) 

CheckMate 

066 

2015 III Double-

blind RCT 

418 Treatment-

naive, 

BRAF WT, 

unresectable 

Stage III/IV 

Nivolumab 3 

mg/kg 

Dacarbazine 1000 

mg/m² 

OS 

Ribas et 

al.(Ribas et 

al., 2015) 

KEYNOTE-

002 

2015 II Randomized 

RCT 

540 Ipilimumab-

refractory, 

unresectable 

Stage III/IV 

Pembrolizumab 

2 or 10 mg/kg 

ICC 

(Carboplatin/Paclitaxel, 

Dacarbazine, etc.) 

PFS, OS 

Weber et CheckMate 2015 III Open-label 405 Progressed Nivolumab 3 ICC (Dacarbazine or ORR, OS 
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al.(Weber et 

al., 2015) 

037 RCT after anti-

CTLA-4 

therapy 

mg/kg Carboplatin/Paclitaxel) 

Contextual Trials 

Wolchok et 

al.(Wolchok 

et al., 2025) 

CheckMate 

067 

2025 III Double-

blind 

RCT 

945 Treatment-

naive, 

unresectable 

Stage III/IV 

Nivolumab 1 

mg/kg + 

Ipilimumab 3 

mg/kg; 

Nivolumab 3 

mg/kg 

Ipilimumab 

3 mg/kg 

OS, 

PFS 

Robert et 

al.(Robert, 

Schachter, et 

al., 2015) 

KEYNOTE-

006 

2015 III Open-

label 

RCT 

834 Ipilimumab-

naive, 

unresectable 

Stage III/IV 

Pembrolizumab 

10 mg/kg (q2w 

or q3w) 

Ipilimumab 

3 mg/kg 

OS, 

PFS 

Eggermont et 

al.(Eggermont 

et al., 2019) 

EORTC 18071 2019 III Double-

blind 

RCT 

951 Adjuvant, 

resected 

Stage III 

Ipilimumab 10 

mg/kg 

Placebo RFS, 

OS, 

DMFS 

Weber et 

al.18 

CheckMate 

238 

2017 III Double-

blind 

RCT 

906 Adjuvant, 

resected 

Stage III/IV 

Nivolumab 3 

mg/kg 

Ipilimumab 

10 mg/kg 

RFS 

Chapman et 

al.(Chapman 

et al., 2017) 

BRIM-3 2017 III Open-

label 

RCT 

675 Treatment-

naive, 

BRAF 

V600 

mutant 

Vemurafenib 

960 mg BID 

Dacarbazine 

1000 mg/m² 

OS, 

PFS 

Hauschild et 

al.(Hauschild 

et al., 2012) 

BREAK-3 2012 III Open-

label 

RCT 

250 Treatment-

naive, 

BRAF 

V600E 

mutant 

Dabrafenib 150 

mg BID 

Dacarbazine 

1000 mg/m² 

PFS 

Robert et 

al.(Robert, 

Karaszewska, 

et al., 2015) 

COMBI-v 2015 III Open-

label 

RCT 

704 Treatment-

naive, 

BRAF 

V600 

mutant 

Dabrafenib 150 

mg BID + 

Trametinib 2 

mg QD 

Vemurafenib 

960 mg BID 

OS 

Tawbi et 

al.(Tawbi et 

al., 2025) 

RELATIVITY-

047 

2024 II/III Double-

blind 

RCT 

714 Treatment-

naive, 

unresectable 

Stage III/IV 

Nivolumab 480 

mg + 

Relatlimab 160 

mg 

Nivolumab 

480 mg 

PFS 

Gutzmer et 

al.(Gutzmer 

et al., 2020) 

IMspire150 2020 III Double-

blind 

RCT 

514 Treatment-

naive, 

BRAF 

V600 

mutant 

Atezolizumab 

+ Cobimetinib 

+ Vemurafenib 

Placebo + 

Cobimetinib 

+ 

Vemurafenib 

PFS 

Abbreviations: BID, twice daily; CR, complete response; DMFS, distant metastasis-free survival; HR, hazard ratio; HRQoL, 

health-related quality of life; ICC, investigator's choice chemotherapy; ORR, objective response rate; OS, overall survival; 

PFS, progression-free survival; q2w, every 2 weeks; q3w, every 3 weeks; QD, once daily; RFS, recurrence-free survival.f 
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Risk of Bias Assessment 

The overall methodological quality of the pivotal RCTs was high. The RoB 2 assessment is 

summarized in Table 2. The double-blind trials (CA184-024, CheckMate 066) were judged to have 

a low risk of bias across all domains (Wolchok, Thomas, Bondarenko, et al., 2011; Robert, Long, 

Brady, et al., 2015). The open-label trials (CheckMate 037, KEYNOTE-002) were judged to have 

'some concerns' for bias in the measurement of the outcome (Domain 4), as knowledge of the 

treatment assignment could potentially influence investigator-assessed outcomes like PFS and 

ORR (Weber, D'Angelo, Minor, et al., 2015; Ribas et al., 2015). However, because OS was a 

primary or key secondary endpoint in these trials and is an objective outcome not susceptible to 

assessment bias, the overall risk of bias for the OS results was still considered low. All trials 

employed appropriate randomization and allocation concealment methods and had low rates of 

missing outcome data for primary endpoints. 

 

Table 4: Cochrane Risk of Bias (RoB 2) Assessment for Included Trials 

Study ID D1: 

Randomizati

on Process 

D2: 

Deviations 

from 

Intended 

Interventions 

D3: Missing 

Outcome 

Data 

D4: 

Measuremen

t of the 

Outcome 

D5: 

Selection of 

the Reported 

Result 

Overall Bias 

Wolchok et 

al. 

(2011)(Wolc

hok et al., 

2011) 

Low risk Low risk Low risk Low risk Low risk Low risk 

Robert et al. 

(2015)(Rober

t, Long, et al., 

2015) 

Low risk Low risk Low risk Low risk Low risk Low risk 

Ribas et al. 

(2015)(Ribas 

et al., 2015) 

Low risk Low risk Low risk Some 

concerns 

Low risk Low risk (for 

OS) 

Weber et al. 

(2015)(Webe

r et al., 2015) 

Low risk Low risk Low risk Some 

concerns 

Low risk Low risk (for 

OS) 

 

Overall Survival 

Every trial comparing an ICI-based regimen to chemotherapy in treatment-naive patients 

demonstrated a significant OS benefit. The first such trial, CA184-024 showed that adding 

ipilimumab to dacarbazine improved median OS from 9.1 to 11.2 months (HR = 0.72; P<0.001). 

the 5-year OS rate was more than doubled with the ipilimumab-containing regimen (18.2% vs. 

8.8%).(Wolchok et al., 2011) More dramatically in CheckMate 066, Robert et Al. showed that 

nivolumab monotherapy reduced the risk of death by 58% compared to dacarbazine (HR = 0.42; 
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P<0.0001), with the median OS not even reached in the nivolumab arm at the time of primary 

analysis (Robert et al., 2015b). 

Immune checkpoint inhibitors (ICIs), particularly anti-PD-1 agents alone or combined with 

anti-CTLA-4, produce profound impact in both early and long-term survival compared with 

chemotherapy in advanced melanoma. ICI survival exhibit a distinct plateau, indicating a subset 

of patients who achieve durable, long-term disease control.(Chapman et al., 2017; Maio et al., 

2015) This durable plateau is in contrasts with traditional chemotherapy that shows a continuous 

decline in overal survival, where survival rates sharply decline beyond 1-2 years (Robert et al., 

2015b; Wolchok et al., 2011). 

In the CA184-024 trial, the 5-year OS rate was more than doubled with the ipilimumab-

containing regimen (18.2% vs. 8.8%).(Maio et al., 2015) The 5-year follow-up of CheckMate 066 

showed a durable benefit, with a 5-year OS rate of 39% for nivolumab versus just 17% for 

dacarbazine (Maio et al., 2015; Robert et al., 2015b). The landmark 10-year follow-up of the 

CheckMate 067 trial, which compared combination immunotherapy and nivolumab monotherapy 

to ipilimumab, reported a median OS of 71.9 months for the nivolumab plus ipilimumab arm. With 

melanoma-specific survival rates beginning to separate from overall survival rates, indicating that 

patients are living long enough to die from other causes  (Wolchok et al., 2025). This long-term 

data confirms that a significant proportion of patients can achieve survival measured in years, even 

a decade, transforming expectations for a disease that was previously fatal within months. 

Recent real-world evidence further validates these clinical trial findings. A comprehensive 

analysis of long-term disease control in patients treated with ICIs for advanced melanoma found 

that among 567 patients with a median follow-up of 7.1 years, subsequent progression after 3 years 

occurred for only 7.7% of patients without disease progression within 3 years (Handel et al., 2025). 

Importantly, only 1.4% of patients died from melanoma during follow-up. An emerging and 

clinically meaningful endpoint is treatment-free survival (TFS).Recent analyses show that patients 

treated with nivolumab-ipilimumab experienced a mean treatment-free survival of 12.4 months 

compared with 8.9 months for nivolumab monotherapy and 11.1 months for pembrolizumab 

monotherapy. During a 36-month follow-up period, patients treated with combination therapy 

spent 34.4% of their time not receiving systemic anticancer treatments, representing improvement 

in quality of life (Gupta et al., 2023). 
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Figure 2 Overal Survival Landmarks by Trial. 

Overall survival landmarks (%) from CA184-024, CheckMate 066 (CM066), and CheckMate 067 (CM067). 

Dacarbazine (DTIC), Nivolumab (Nivo), Ipilimumab (Ipi). 

 

Progression Free Survival 

The benefit in PFS was also significant, escpecially for anti-PD-1 agents. In CheckMate 066, 

nivolumab more than doubled the median PFS compared to dacarbazine (5.1 vs. 2.2 months; HR 

= 0.43; P<0.001) (Robert et al., 2015b). Similarly, in the ipilimumab-refractory setting, 

pembrolizumab significantly improved PFS compared to chemotherapy (HR = 0.50; 

P<0.0001)(Ribas et al., 2015). An interesting finding emerged from the ipilimumab trial CA184-

024, where a significant OS benefit was observed despite no statistically significant improvement 

in median PFS (2.8 vs. 2.6 months) (Maio et al., 2015; Wolchok et al., 2011). This discordance 

highlighted that traditional response criteria and PFS may be poor surrogates for OS with certain 

immunotherapies, due to their unique kinetics of action, such as delayed responses and the 

phenomenon of pseudoprogression. This finding was instrumental in establishing OS as the gold-

standard endpoint for immunotherapy trials. 

Tumor Response Characteristics 

ICIs consistently produced higher and more durable responses than chemotherapy. In 

CheckMate 066, the ORR for nivolumab was nearly triple that of dacarbazine (40.0% vs. 13.9%), 

with a substantially higher rate of complete responses (7.6% vs. 1.0%).(Robert, Long, et al., 2015) 

The durability of these responses is a key differentiator; in ICI trials, the median duration of 

response is often not reached even after years of follow-up, whereas responses to chemotherapy 

are typically transient, lasting only a few months (Robert et al., 2015b; Wolchok et al., 2025). The 

median time to response was similar between nivolumab and dacarbazine (2.1 months for both), 

indicating that immunotherapy can induce responses as rapidly as chemotherapy.(Robert, Long, et 

al., 2015) 

Subgroup Analyses 

The survival benefit of ICIs over chemotherapy was generally consistent across key patient 

subgroups. In CheckMate 066, nivolumab demonstrated a clear survival benefit regardless of 

tumor PD-L1 expression status. While the response rate was higher in patients with PD-L1-
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positive tumors (52.7% vs. 33.1% in PD-L1-negative/indeterminate), a significant OS benefit was 

observed in both groups compared to dacarbazine (Robert et al., 2015b). Similarly, long-term 

follow-up from KEYNOTE-006 and CheckMate 067 confirmed that the survival advantages for 

pembrolizumab and nivolumab-containing regimens persisted regardless of BRAF mutation 

status, baseline LDH levels, or disease stage (Robert et al., 2015c; Wolchok et al., 2025). 

Safety and Tolerability Profiles 

The safety profiles of ICIs and traditional chemotherapy are fundamentally different, 

reflecting their distinct mechanisms of action. A summary of key Grade 3-4 TRAEs is provided in 

Table 7. Chemotherapy toxicity is primarily driven by cytotoxicity against rapidly dividing cells, 

leading to high rates of nausea, vomiting, fatigue, and myelosuppression (e.g., neutropenia, 

thrombocytopenia) (Robert et al., 2015b). In CheckMate 066, 17.6% of patients on dacarbazine 

experienced Grade 3-4 TRAEs, with hematologic toxicities being most common (Robert et al., 

2015b). 

With ICI monotherapy, the rate of Grade 3-4 TRAEs is often lower than with chemotherapy. 

For instance, in CheckMate 066, only 11.7% of patients on nivolumab experienced a Grade 3-4 

TRAE (Weber et al., 2015; Wolchok et al., 2025). However, combination immunotherapy, such 

as nivolumab plus ipilimumab, is associated with a much higher incidence of severe irAEs, with 

Grade 3-4 rates approaching 59%.(Robert, Long, et al., 2015; Robert, Schachter, et al., 2015) 

Recent evidence has highlighted the occurrence of late-onset irAEs, which can develop months or 

even years after treatment initiation or completion. This occurs in 14.7% of patients hospitalized 

with irAEs presented within 6 to 12 months after initial ICI exposure, and 10.8% presented more 

than 1 year after treatment initiation. This finding underscores the need for ongoing vigilance by 

healthcare professionals for potential irAEs regardless of elapsed time from ICI therapy.(Durbin 

et al., 2025) The management of irAEs is also distinct, often requiring immunosuppression with 

corticosteroids (Olsson-Brown et al., 2025). 

Health-Related Quality of Life (HRQoL) 

Patient-reported outcomes from clinical trials generally favor ICI monotherapy over 

chemotherapy. Studies like KEYNOTE-002 demonstrated that HRQoL, as measured by the 

EORTC QLQ-C30 global health status score, was better maintained in patients receiving 

pembrolizumab compared to those receiving chemotherapy, mean change from baseline of -2.6 

vs. -9.1, respectively.(Schadendorf et al., 2016) Patients on chemotherapy reported greater 

worsening of symptoms like fatigue, nausea, and appetite loss (Ribas et al., 2015). Similarly, the 

CheckMate 066 trial found that patients receiving nivolumab had improved HRQoL compared to 

those on dacarbazine (Egeler et al., 2024). 

However, the broader impact of ICIs on HRQoL is more complex. Systematic reviews 

analyzing a mix of trial data and real-world evidence indicate that while global HRQoL may be 

stable, specific irAEs can have a significant negative impact.(Jackson-Carroll et al., 2025) Chronic 

fatigue, endocrine dysfunctions requiring lifelong hormone replacement, anxiety, and financial 

toxicity are prevalent concerns among long-term survivors treated with ICIs (Jackson-Carroll et 

al., 2025; Kim et al., n.d.). This suggests that traditional HRQoL instruments, designed primarily 
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to capture the acute cytotoxic effects of chemotherapy, may not adequately measure the full patient 

experience with the unique and sometimes chronic nature of irAEs. There is a recognized need to 

develop and validate new patient-reported outcome tools tailored to the long-term experience of 

patients receiving immunotherapy (Jackson-Carroll et al., 2025). 

Discussion 

Synthesis of Principal Findings: The Magnitude of Benefit with Immunotherapy 

The evidence synthesized in this review presents a clear and compelling conclusion: immune 

checkpoint inhibitors have established a new standard of care in advanced melanoma by providing 

a profound survival advantage over traditional chemotherapy. The magnitude of this benefit, 

particularly with anti-PD-1 agents, represents one of the most significant therapeutic advances in 

modern oncology. In the treatment-naive setting, nivolumab reduced the risk of death by 58% 

compared to dacarbazine,(Robert, Long, et al., 2015) a benefit of a scale rarely seen in solid tumor 

oncology. Even in patients who have already failed prior immunotherapy, subsequent treatment 

with an anti-PD-1 agent still confers a significant survival and response benefit over chemotherapy 

(Ribas et al., 2015; Weber et al., 2015). This consistent superiority across different clinical settings 

and patient populations underscores the transformative power of this therapeutic class. 

The Phenomenon of Long-Term Survival and Durable Response 

Beyond the improvement in median survival, the most defining characteristic of 

immunotherapy's success is the fundamental change in the shape of the Kaplan-Meier survival 

curve. Unlike the continuous, steep decline seen with chemotherapy, which implies a near-

universal inevitability of disease progression and death, ICI treatment produces a distinct "tail on 

the curve" (Chapman et al., 2017; Maio et al., 2015). This plateau, typically emerging after 3 to 5 

years of follow-up, represents a subset of patients who achieve durable, long-term disease control 

and survival. 

This phenomenon is best exemplified by the final 10-year results of the CheckMate 067 trial. 

The median OS of 71.9 months (approximately 6 years) for patients receiving combination 

nivolumab plus ipilimumab is unprecedented for metastatic melanoma.(Larkin et al., 2019; 

Wolchok et al., 2025) Even more striking is the finding that for patients who were alive and 

progression-free at the 3-year mark, the probability of melanoma-specific survival at 10 years was 

96%.(Wolchok et al., 2025) This indicates that an initial durable response to immunotherapy is 

highly predictive of long-term survival, potentially translating to a "functional cure" for these 

individuals. This concept was entirely absent in the chemotherapy era. Further evidence of this 

paradigm shift is the observed divergence between overall survival and melanoma-specific 

survival curves in long-term follow-up; as patients survive their melanoma long enough, they 

begin to succumb to other age-related causes of death, a testament to the long-term efficacy of the 

treatment (Chapman et al., 2017). 

Contrasting Toxicity Profiles: Immune-Related vs. Cytotoxic Adverse Events 

The shift from chemotherapy to immunotherapy has been accompanied by an equally 

significant shift in the nature and management of treatment-related toxicities. Chemotherapy-

induced adverse events are predictable consequences of cytotoxicity, primarily affecting rapidly 
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dividing cells and managed with supportive care measures like anti-emetics and growth factors 

(Robert et al., 2015b). In contrast, the adverse events associated with ICIs are inflammatory and 

autoimmune in nature, resulting from the generalized activation of the immune system (Das et al., 

2025; Gandhi et al., 2022). 

These irAEs are unpredictable, can affect any organ system, and may have a delayed onset 

or persist long after treatment has been discontinued.(Das et al., 2025) Their management requires 

a high index of suspicion and a completely different therapeutic approach centered on 

immunosuppression with corticosteroids or other immunomodulatory agents. This has necessitated 

a fundamental change in clinical practice, requiring oncology teams to become adept at managing 

a wide range of autoimmune-like syndromes, often in collaboration with other specialists such as 

endocrinologists, gastroenterologists, and rheumatologists. While ICI monotherapy is often better 

tolerated than chemotherapy in terms of severe (Grade 3-4) events, the significantly higher rate of 

severe toxicity with combination immunotherapy (e.g., nivolumab plus ipilimumab) remains a 

major clinical challenge and a key factor in treatment selection (Robert et al., 2015b). 

Clinical Context: Positioning ICIs Relative to Other Modern Therapies 

While this review focuses on the comparison with chemotherapy, the modern treatment 

landscape for advanced melanoma is more complex. For the approximately 50% of patients whose 

tumors harbor a BRAF V600 mutation, targeted therapy with a combination of a BRAF inhibitor 

and a MEK inhibitor is a highly effective option. Pivotal trials such as BRIM-3 and COMBI-v 

demonstrated that targeted therapies yield very high objective response rates (60-75%) and rapid 

tumor shrinkage, benefits that are often more pronounced and faster than those seen with 

immunotherapy (Chapman et al., 2017; Robert, Long, et al., 2015) 

However, the primary limitation of targeted therapy is the near-universal development of 

acquired resistance, leading to a median duration of response of around 12-14 months (Hauschild 

et al., 2012; Robert et al., 2015b). This contrasts with the durable, long-term responses seen with 

immunotherapy. This difference creates a critical clinical decision point for patients with BRAF-

mutant melanoma: initiate treatment with targeted therapy for a high likelihood of a rapid response, 

or with immunotherapy for a lower initial response rate but a greater chance of a durable, long-

term benefit. Current clinical practice guidelines often recommend initiating treatment with 

immunotherapy first, reserving targeted therapy for second-line treatment or for patients with 

highly symptomatic, rapidly progressive disease where immediate tumor shrinkage is paramount. 

Broader Implications of Immunotherapy's Success in Melanoma 

The revolutionary success of ICIs in melanoma served as the crucial proof-of-concept that 

catalyzed the entire field of modern immuno-oncology. The dramatic survival benefits observed 

in early melanoma trials provided the impetus for massive investment and research, leading to the 

investigation and approval of ICIs across a wide array of other malignancies, including non-small-

cell lung cancer, renal-cell carcinoma, and hepatocellular carcinoma (Finn et al., 2020; Motzer et 

al., 2018; Reck et al., 2019). The biological principles, clinical trial designs, and unique toxicity 

management paradigms first established in melanoma have become the template for the 

development of immunotherapy in oncology at large. 
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This therapeutic revolution has also introduced significant economic challenges. The 

transition from inexpensive, generic chemotherapy agents to high-cost, branded biologic therapies 

has placed a substantial financial strain on healthcare systems globally (Kao et al., 2023; Pinar 

Bilir et al., 2016). The costs are compounded by the need for resources to manage severe irAEs, 

which can involve prolonged hospitalizations, specialist consultations, and expensive diagnostic 

procedures (Arondekar et al., 2015; Pinar Bilir et al., 2016). While improved long-term survival 

and patient productivity may offset some of these costs over time, the immediate economic burden 

is immense, raising critical questions about cost-effectiveness, equitable patient access, and the 

financial toxicity experienced by patients and their families (Anne Vest Soerensen et al., 2023; 

Jackson-Carroll et al., 2025). 

 

CONCLUSION 

This systematic review provides strong evidence that immune checkpoint inhibitors (ICIs) 

deliver significant and clinically meaningful survival benefits over traditional chemotherapy in 

advanced melanoma, effectively transforming it from a disease with a poor, short-term prognosis 

into one where long-term survival and even functional cure are attainable for many patients. As a 

result, ICIs have replaced chemotherapy as the standard of care, with ICI-based therapy 

recommended as first-line treatment for eligible patients; however, the choice between 

monotherapy and combination regimens should be individualized, balancing improved efficacy 

against higher risks of severe toxicity. Future research should focus on developing reliable 

predictive biomarkers to guide personalized treatment, exploring novel combination and 

sequencing strategies to overcome resistance, and improving long-term survivorship care by better 

understanding and managing the chronic effects of immunotherapy on patients’ quality of life. 
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