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Abstract

Nearly half of all metastatic melanoma patients possess the BRAF V600 mutation. Several therapies are 

approved for advanced stage melanoma, but it is unclear if there is a differential outcome to various 

immunotherapy regimens based on BRAF mutation status. We retrospectively analyzed a cohort of 

metastatic or unresectable melanoma patients who were treated with combination ipilimumab/nivolumab 

(ipi/nivo) or anti-PD-1 monotherapy, nivolumab or pembrolizumab, as first-line treatment. 235 previously 

untreated patients were identified in our study. Our univariate analysis showed no statistical difference in 

progression free survival (PFS) or overall survival (OS) with ipi/nivo versus anti-PD-1 monotherapy in 

the BRAF V600 mutant cohort, but there was improved PFS [HR: 0.48, 95% CI, 0.28 – 0.80] and OS 

[HR: 0.50, 95% CI, 0.26 – 0.96] with ipi/nivo compared to anti-PD-1 monotherapy in the BRAF WT 

group. After adjusting for known prognostic variables in our multivariable analysis, the BRAF WT cohort 

continued to show PFS and OS benefit with ipi/nivo compared to anti-PD-1 monotherapy. Our real-world 

analysis suggests ipi/nivo should be considered over anti-PD-1 monotherapy as the initial immunotherapy 

regimen for metastatic melanoma patients regardless of BRAF mutation status, but possibly with greater 

benefit in BRAF WT.

Significance

Single-agent PD-1 inhibitors, nivolumab and pembrolizumab, and combination ipilimumab/nivolumab 

(ipi/nivo), are frequently used first-line immunotherapy options for advanced stage melanoma. As 

combination therapy carries a higher risk of toxicity, an improved understanding of which patients benefit 

most from combination ipi/nivo can guide clinical management. In our study, we investigate if BRAF 

mutation status has any impact on survival following either regimen. Our findings showed a trend 

towards better survival in patients with BRAF wildtype status when treated with ipi/nivo compared to 

anti-PD-1 monotherapy. Our observations should be validated in randomized prospective trials.
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1. Introduction

Several immune checkpoint inhibitors (ICIs) are approved for unresectable or metastatic melanoma 

including anti-programmed cell death 1 (PD-1) inhibitors (pembrolizumab and nivolumab) and anti-

cytotoxic T-lymphocyte-associated protein-4 (CTLA-4) inhibitor (ipilimumab) (Ma VT et al., 2020). 

Published data from the CheckMate 067 trial evaluating metastatic melanoma patients demonstrated that 

first-line treatment with combination ipilimumab/nivolumab (ipi/nivo) or single-agent nivolumab fared 

significantly better in terms of response rate, progression free survival (PFS), and overall survival (OS) 

than ipilimumab alone (Larkin J et al., 2019).  In a similar cohort, pembrolizumab was superior to 

ipilimumab in terms of response rate and survival (Schachter J et al., 2017). As the CheckMate 067 trial 

was not powered to directly compare survival outcomes between ipi/nivo and single-agent nivolumab, it 

is unknown if combination therapy or anti-PD-1 monotherapy is superior.

Although observational data suggests better survival outcomes with ipi/nivo, results show that 

combination therapy compared to single-agent ICIs leads to higher rates and severity of treatment-related 

adverse events (Larkin J et al., 2019). This consequently leads to more emergency department visits, 

hospitalizations, use of systemic immunosuppressants, and greater financial burden on the patient and 

healthcare system (Oh A et al., 2017). Further studies are being explored to identify subgroups of patients 

that warrant combination therapy over anti-PD-1 monotherapy. A descriptive subgroup analysis from 

CheckMate 067 showed a statistical PFS favorability with ipi/nivo over nivolumab in patients with tumor 

PD-L1 expression of less than 5% or less than 1%, elevated lactate dehydrogenase (LDH) levels, and 

BRAF V600 mutation (Wolchok JD et al., 2017).  

Nearly half of all metastatic melanoma patients possess a BRAF V600 mutation (Kim SY et al., 2015). In 

this group, targeted therapy with BRAF and MEK inhibitors are alternative treatment options in the front-

line setting. Many oncologists favor first-line ICI therapy regardless of BRAF mutational status. 

However, the optimal first-line ICI therapy in BRAF mutant and BRAF wildtype (WT) patients has yet to 

be determined (Pavlick AC, Fecher L, Ascierto PA, Sullivan RJ, 2019). Additionally, there is uncertainty 

about whether BRAF mutation status can predict survival outcomes in patients treated with ICIs.

 

The purpose of this retrospective study is to evaluate the survival outcomes of metastatic melanoma 

patients comparing first-line treatment with anti-PD-1 monotherapy (nivolumab and pembrolizumab) 

versus combined ipi/nivo stratified by BRAF mutation status. 
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2. Materials and Methods

2.1 Study Population

We identified 327 patients diagnosed with advanced, metastatic, or unresectable melanoma between 

February 2012 and October 2019 from the University of Michigan. Uveal melanoma patients were 

excluded from the study. After excluding patients who received any prior systemic therapy, a 

retrospective analysis was performed on a cohort of 235 patients. These patients were treated with 

standard ipi/nivo, single-agent nivolumab, or single-agent pembrolizumab. Patients with incomplete 

clinical data or insufficient follow up (less than 30 days) from initiation of the designated therapy were 

excluded. Patients were selected based on having histologically proven unresectable stage III or IV 

melanoma following American Joint Committee on Cancer (AJCC) 8th edition criteria (Gershenwald JE et 

al. 2017). Patients and data were collected via electronic medical record system and a pharmacy database 

hosted by the University of Michigan. 

2.2 Study Design

We characterized baseline patient demographics including age, gender, and BRAF mutation status. To 

characterize prognostic factors, Eastern Cooperative Oncology Group (ECOG) performance status, serum 

LDH levels, and absence or presence of brain and liver metastases were documented before initiation of 

examined therapy options. Efficacy endpoints of each treatment included progression free survival (PFS) 

and overall survival (OS). We assessed best response by utilizing the revised RECIST guideline (version 

1.1) as measured by complete response (CR), partial response (PR), stable disease (SD), or progressive 

disease (PD) (Eisenhauer et al., 2009). 

The anti-PD-1 monotherapy group included patients who were treated with: nivolumab at 240 mg IV 

every 2 weeks, 3 mg/kg IV every 2 weeks, or 480 mg IV every 4 weeks; or pembrolizumab at 200 mg IV 

every 3 weeks or 2 mg/kg IV every 3 weeks. For the combination ipi/nivo cohort, these were patients who 

received ipilimumab (3 mg/kg) in combination with nivolumab (1 mg/kg). The combination scheduling 

was typically administered for up to 4 infusions every 3 weeks followed by nivolumab therapy at 3 mg/kg 

every 2 weeks or 240 mg every 2 weeks or 480 mg every 4 weeks.

2.3 Statistical Methods

OS was determined based on electronic health record documentation. PFS was defined as time from date 

of therapy initiation to clinical progression on physical examination or on imaging by RECIST v1.1 with 
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the noted exception of identifying the largest target lesions in retrospect; or date of death, whichever 

occurred first. In cases of pseudoprogression, as defined by iRECIST (Seymour L et al. 2017), these were 

not characterized as progressive disease. Patients who were alive at the time of the analysis were censored 

at last known follow up.

The Jonckheere-Terpstra test was used to assess the trend of best response rate by BRAF mutation status. 

PFS and OS between the combination ipi/nivo treatment group and the anti-PD-1 monotherapy group 

were compared using Kaplan-Meier methods and log-rank tests. PFS and OS was compared between the 

two treatment groups with these markers in stratified Cox models. Hazard ratios, 95% confidence 

intervals and log-rank p-values are reported in forest plots. Multivariable Cox regression of PFS and OS 

was performed to compare the effects of the two treatment groups on survival from the initiation of 

therapy adjusted by age, gender, pretreatment lactate dehydrogenase (LDH) measured in IU/L obtained 

within 30 days of starting therapy, and presence of brain and liver metastases at time of starting therapy 

with hazard ratios, 95% confidence intervals, and Wald Chi-square p-values reported. The analysis was 

completed with 2-sided significance testing assuming a type I error of 0.05 using SAS 9.4 (SAS Institute 

Inc., Cary, NC). Statistical difference between two comparative groups is defined as logrank test p-value 

of <0.05 and/or a hazard ratio with its 95% confidence interval range excluding the value of 1.00. 

3. Results

235 patients were analyzed in our study. 81 patients had BRAF mutant (V600E, V600K, or V600 

unspecified) melanoma, 152 patients had BRAF WT melanoma, and 2 patients had unknown BRAF 

mutation status. As first-line treatment, 110 patients received combination ipi/nivo and 125 patients 

received anti-PD-1 monotherapy (33 with nivolumab and 92 with pembrolizumab). 

For the patients included in our analysis, the median patient age was 61 with an ECOG performance 

status of 1 and a normal LDH level (≤240 IU/L). BRAF WT patients had a statistically significant higher 

median age (66 years vs 59 years) at time of treatment (Table 1). Between BRAF mutant versus BRAF 

WT patients, there was no significant difference in distribution of the designated therapy, gender, ECOG 

performance status, pre-treatment LDH, presence or absence of brain metastases, and presence or absence 

of liver metastases (Table 1). 

Median follow-up was 14.9 months (Min-Max: 0.1 – 55 months). Median PFS for all patients treated with 

ipi/nivo was not reached, and for patients treated with anti-PD-1 monotherapy was 19.7 months (Figure 

1). PFS statistically favored ipi/nivo compared to anti-PD-1 monotherapy [HR: 0.52, 95% CI, 0.35 – 0.77, 
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p=0.0010]. The median OS for patients treated with ipi/nivo was not reached, and for patients treated with 

anti-PD-1 monotherapy was 44.4 months (Figure 1). OS statistically favored ipi/nivo compared to anti-

PD-1 monotherapy [HR: 0.53, 95% CI, 0.31 – 0.90, p=0.0170] (Figure 1). Rates of therapy 

discontinuation due to adverse events from ICI was 53% (58/110) with ipi/nivo and 16% (20/125) with 

anti-PD-1 monotherapy (Table S1).

3.1 Univariate Analysis

Best response rate by treatment type was assessed based on BRAF mutation status (Table S1). Rates of 

objective response (PR + CR), regardless of BRAF mutation status, were higher in patients treated with 

ipi/nivo compared to anti-PD-1 monotherapy. Respective rates of PR and CR in patients treated with anti-

PD-1 monotherapy were 28% and 25% in the BRAF mutant group; and 25% and 30% in the BRAF WT 

group (Table S1). Respective rates of PR and CR in patients treated with ipi/nivo were 36% and 38% in 

the BRAF mutant group; and 29% and 46% in the BRAF WT group (Table S1).

The effect of BRAF mutation status on OS and PFS stratified by individual treatment type was assessed 

using a univariate model. There was no statistical difference in PFS among the two groups when treated 

with anti-PD-1 monotherapy [BRAF mutant as reference, HR: 0.84, 95% CI, 0.50 – 1.43, p=0.526] or 

with ipi/nivo [BRAF mutant as reference, HR: 0.69, 95% CI, 0.36 – 1.31, p=0.252] (Figure S1). 

Similarly, there was no statistical difference in OS among the two groups when treated with anti-PD-1 

monotherapy [BRAF mutant as reference, HR: 1.35, 95% CI, 0.62 – 2.98, p=0.4483] or with ipi/nivo 

[BRAF mutant as reference, HR: 0.95, 95% CI, 0.39 – 2.30, p=0.9151] (Figure S2).  

A univariate model for OS and PFS was then performed to assess the effect of different treatment types 

by BRAF mutation status. The median PFS for BRAF V600 mutant patients treated with ipi/nivo and 

anti-PD-1 monotherapy was not reached and 15.2 months, respectively, with no statistically significant 

difference in treatment favorability [HR: 0.61, 95% CI, 0.32 – 1.16, p=0.1266] (Figure 2). The median 

PFS for BRAF WT patients treated with ipi/nivo and anti-PD-1 monotherapy was not reached and 23.2 

months, respectively, with statistical favorability in the combination therapy arm, [HR: 0.48, 95% CI, 

0.28 – 0.80, p=0.0039] (Figure 2). In the OS analysis, the BRAF V600 mutant patients had no statistically 

significant survival favorability [HR: 0.71, 95% CI, 0.26 – 1.93, p=0.5002] with ipi/nivo (median time 

not reached) compared to anti-PD-1 monotherapy (median 37.2 months) (Figure 3). Whereas combination 

therapy was statistically favored [HR: 0.50, 95% CI, 0.26 – 0.96, p=0.0345] among the BRAF WT cohort 

with median OS not reached in the ipi/nivo arm and 44.4 months in the anti-PD-1 monotherapy arm 

(Figure 3).
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Higher rates of PFS with combination therapy over anti-PD-1 monotherapy was seen in all clinically 

relevant subgroups, but with statistical difference notably in patients with BRAF WT status (p=0.005), 

males (p=0.005), age <65 (p=0.001), normal LDH (p=0.016), LDH greater than 2 times the upper limit of 

normal (ULN) (p=0.008), absence of brain metastases (p=0.001), and absence (p=0.017) or presence 

(p=0.016) of liver metastases (Figure 4). A similar pattern of superior OS with combination therapy over 

anti-PD-1 monotherapy was observed, but with statistical favorability in the following patient subsets: 

BRAF WT status (p=0.038), males (p=0.012), age <65 (p=0.011), and presence of liver metastases 

(p=0.009) (Figure 5).

3.2 Multivariable Analysis

In the multivariable Cox regression analysis, we adjusted for treatment type stratified by BRAF mutation 

status, age, gender, pretreatment LDH level, and presence or absence of brain and liver metastases. The 

analysis confirmed that treatment with ipi/nivo over single-agent PD-1 inhibitor in BRAF WT patients 

[HR: 0.477, 95% CI, 0.222 – 0.916, p=0.025] and LDH level greater than 2 times the ULN compared to a 

normal LDH level  [HR: 0.249, 95% CI, 0.114 – 0.543, p=0.001] were statistically significant markers for 

PFS (Table 2). While not statistically significant, there was a trend towards improved PFS with ipi/nivo 

over anti-PD-1 monotherapy in BRAF mutant patients [HR: 0.500, 95% CI, 0.273 – 1.126, p=0.060] 

(Table 2).

After adjusting for similar pertinent prognostic variables, there was statistical favorability in OS with 

ipi/nivo over anti-PD-1 monotherapy in patients with BRAF WT [HR: 0.306, 95% CI, 0.095 – 0.905, 

p=0.027] and BRAF mutant [HR: 0.417, 95% CI, 0.192 – 0.989, p=0.048] (Table 3). The multivariable 

Cox regression analysis also demonstrated that LDH level greater than 2 times the ULN compared to a 

normal LDH level [HR: 0.086, 95% CI, 0.035 – 0.212, p=<0.0001] was a statistically significant marker 

for OS (Table 3). 

4. Discussion

In our retrospective analysis, patients with metastatic or unresectable melanoma with BRAF WT status 

treated with combination ipi/nivo had a statistically increased likelihood of PFS and OS compared to 

patients treated with anti-PD-1 monotherapy agents, nivolumab or pembrolizumab. These findings 

persisted after adjusting for several prognostic variables including age, pre-treatment LDH levels, prior 

treatment status, and presence or absence of brain and liver metastases. Among BRAF V600 mutant 

patients, the survival benefit also favors ipi/nivo over anti-PD-1 monotherapy, but this trend was not as 
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statistically significant. Based on our findings, ipi/nivo, instead of anti-PD-1 monotherapy, should be 

considered as initial ICI therapy for metastatic melanoma regardless of BRAF mutation status, but 

possibly with greater survival benefit in BRAF WT patients.

Single-agent PD-1 inhibitors, nivolumab and pembrolizumab, are approved first-line immunotherapy 

agents for metastatic melanoma (Schachter et al., 2017; Topalian SL et al., 2012). Although direct 

comparisons between anti-PD-1 monotherapy are lacking, we combined patients receiving either 

nivolumab or pembrolizumab as a single cohort since they share a similar biological target and historic 

data suggests similar efficacy (Moser JC et al., 2019). Currently, optimal selection of anti-PD-1 

monotherapy vs combination anti-CTLA-4 and anti-PD-1 inhibitor in the front-line treatment setting 

hinges on the treating physician’s thorough assessment of the disease status and patient characterization. 

Our study noted higher rates of objective response and trend towards better survival with ipi/nivo 

compared to anti-PD-1 monotherapy overall. Similar to historic data (Hodi FS et al. 2018), we observed 

higher rates of therapy discontinuation due to toxicities with combination ICI (Table S1). To date, there 

are no validated biomarker tests for ICI therapy in melanoma that identifies which patients are likely to 

benefit or to experience immune-related toxicities. Extensive data has demonstrated that PD-L1 

expression weakly correlates with clinical response to anti-PD-1 therapy (Daud A et al., 2016; Topalian 

SL et al., 2012). Studies have evaluated the possible role of interleukin (IL)-6 levels (Valpione S et al. 

2018) and somatic copy number alterations (Davoli T et al., 2017) in predicting survival with anti-CTLA-

4 therapy, but their clinical use is still in its infancy. Biomarkers of efficacy and resistance with ipi/nivo in 

melanoma is under further investigation. Identifying better predictive and prognostic biomarkers is 

becoming essential to better optimize precision immunotherapy.

Based on limited studies, the effectiveness of PD-1 inhibition is thought to be independent of the BRAF 

mutation status (Schachter et al., 2017; Tumeh PC et al., 2014). This generalization is somewhat limited, 

particularly with nivolumab. In CheckMate066, the authors evaluated nivolumab in the first-line setting 

for metastatic melanoma, but excluded BRAF V600 mutant patients (Ascierto PA et al., 2019). The 

CheckMate037 trial, which evaluated nivolumab as subsequent therapy, noted statistically better objective 

response rates in the BRAF WT group with nivolumab compared to chemotherapy, but no apparent 

statistical difference in the BRAF V600 mutant cohort (Weber JS et al., 2015). Congruent with historic 

findings (Kim SY et al., 2015), our BRAF mutant cohort was about 40-60% of the metastatic melanoma 

patients and was generally younger in age on initial diagnosis/treatment compared to the BRAF WT 

group. Our study found that the efficacy of individual anti-PD-1 inhibitor-based regimens are independent 

of the BRAF mutation status (Table S1, Figure S1, Figure S2). In our univariate analysis, markers 
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statistically favoring ipi/nivo over anti-PD-1 monotherapy that were concordant in PFS and OS included 

BRAF WT, age <65, male, and presence of liver metastases. Differential outcomes to ICI therapy based 

on gender (Conforti F et al., 2018), age (Kugel CH et al., 2018), and liver metastases (Tumeh PC et al., 

2017) have been reported in the literature. After controlling for these variables, our multivariable analysis 

was able to demonstrate BRAF WT as a statistically significant factor impacting differential response to 

therapy.

Our findings were surprisingly discordant with the observational trend seen in the landmark CheckMate 

067 trial (Long GV et al., 2019). In their study, patients with BRAF V600 mutations had a descriptively 

better 5-year PFS and OS with combination ipi/nivo, 38% and 60% respectively, compared to single-

agent nivolumab, 22% and 46% respectively. In contrast, the patients with BRAF WT had a smaller 

absolute difference in PFS and OS with combination ipi/nivo, 35% and 48% respectively at 5-years, 

compared to nivolumab monotherapy, 32% and 43% respectively at 5-years. Unlike their study, which 

permitted accrual of patients who had received prior adjuvant or neoadjuvant treatment for melanoma 

(Hodi FS et al., 2018), we analyzed a cohort of patients who never received any prior systemic anti-

neoplastic therapy. Our retrospective study was also inclusive of patients with brain metastases in order to 

reflect a real-world heterogeneous group of patients in clinical practice. Furthermore, our multivariable 

analysis accounts for multiple known prognostic variables in metastatic melanoma that may impact 

therapy outcomes. Mindful of the limitations associated with our study including the retrospective nature, 

single-institution site, and median duration follow-up of less than two years; the contrasting results still 

warrant future prospective analysis of different cohorts to clarify these dissimilar findings.

Our findings may be explained by the distinct biomolecular features between BRAF WT and BRAF 

mutant melanoma. Several studies have found the oncogenic signaling associated with the BRAF V600 

mutation can drive the transcription of multiple genes that promote immune suppression. These 

mechanisms include: upregulating immunomodulatory chemokines that promote recruitment of 

suppressive immune cell subsets into the tumor microenvironment (Khalili JS et al., 2012); internalization 

of MHC class I molecules which leads to reduced CD8+ T-cell recognition and function (Bradley SD et 

al., 2015); and downregulating expression of melanoma differentiation antigens that can be recognized by 

cytotoxic T lymphocytes (Boni A et al., 2010). All of these may have counteractive anti-tumor effect with 

ICI therapy, but their role in differential outcomes with various ICI regimens remain unknown. 

BRAFV600E melanoma cells express higher levels of cytokines, including IL-6, than their BRAF WT 

counterpart (Whipple CA and Brinckerhoff CE, 2014; Bjoern J et al., 2016). Low levels of IL-6 are 

associated with increased OS in melanoma patients treated with anti-CLTA-4 inhibitors (Valpione S et 
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al., 2018), suggesting the addition of anti-CTLA-4 with anti-PD-1 inhibitor may be driving the 

comparative differences. We also postulate that tumor mutational burden (TMB) may be a contributing 

factor in ICI therapy outcomes. Molecular studies have shown a higher average TMB rate in BRAF WT 

than BRAF mutant tumors (Mar VJ et al., 2013; Park C et al., 2019). Several studies have shown a 

positive association with tumor mutational load and response to immunotherapy (Snyder et al., 2014; 

Danilova L et al., 2016). In other studies, combination ICIs may have greater clinical efficacy in tumors 

with higher TMBs (Forschner A et al., 2019; Hellmann MD et al., 2019). Confirmation of these clinical 

findings still requires validation in larger cohorts.

While our data demonstrated a statistically favorable PFS with ipi/nivo over anti-PD-1 monotherapy in 

BRAF WT only, the statistical benefit in OS for both BRAF WT and BRAF mutant is likely to reflect the 

availability of BRAF/MEK inhibitors as salvage therapy for BRAF mutant patients. BRAF-targeted 

therapies are an alternative treatment option for BRAF V600 mutant patients, but there is a paucity of 

robust data on the outcomes of patients treated with ICIs following BRAF-targeted therapy or vice versa 

(Saab KR et al., 2019). Several studies suggest that resistance to BRAF inhibition may attenuate the 

subsequent benefit of ICI therapy (Ascierto PA et al., 2014; Hugo W et al., 2017). In one retrospective 

study, BRAFV600 mutant patients who received prior BRAF-targeted therapies had inferior outcomes 

after starting anti-PD-1 therapy than if they had received anti-PD-1 therapy initially (Johnson DB et al., 

2017). For this reason, we preferentially analyzed treatment-naïve patients in our study. This helped limit 

a guarantee-time bias where patients with more indolent diseases would survive long enough to receive 

salvage anti-PD-1 inhibitor and it excluded the confounding BRAF mutant patients that might 

preferentially be treated with up-front BRAF-targeted therapy due to aggressive disease requiring rapid 

response. 

A notable finding in our study is the significantly higher median PFS, for both anti-PD-1 monotherapy 

and ipi/nivo, compared to historical data in clinical trials. We suspect the exaggerated PFS may be largely 

attributed to our preferred assessment of response to account for pseudoprogression, a phenomenon 

occasionally seen with immunotherapy where initial increase in tumor size is followed by reduction in 

tumor burden (Seymour L et al., 2017). Other plausible explanations include the available resources at our 

tertiary medical center for therapy monitoring and toxicity management; the permitted use of adjunct 

radiation therapy prior to and during initiation of ICI therapy; and the flexible adherence to the treatment 

regimen without the clinical trial restraints. 
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There are several limitations associated with our analysis. Our cohort included melanoma patients who 

elected to be treated at a tertiary referral medical center. We are unable to account for certain differences 

among patients that could have driven the selection of ipi/nivo or anti-PD-1 monotherapy. Although we 

attempted to control for a potential selection bias by using a multivariable Cox regression, we could not 

account for other pertinent variables including patient co-morbidities, TMB, disease burden, or other sites 

of metastases. We did not account for ECOG performance status in our multivariable analysis as the vast 

majority in the cohort had a value of 0 to 1. While our cohort of BRAF mutant patients appear to trend 

towards better PFS with ipi/nivo compared to anti-PD-1 monotherapy, the lack of statistical difference 

may be attributed to its relatively small sample size. The findings of our study are interesting and if 

validated, may have implications in clinical practice decisions when selecting initial line of 

immunotherapy. Further long-term clinical outcomes of melanoma patients treated in clinical trials 

comparing ipi/nivo versus anti-PD-1 monotherapy are eagerly awaited and the argument for selection of 

frontline ICIs will continue to broaden as other therapy combinations are developed.
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Figure Legends

Figure 1: Kaplan-Meier curves comparing all advanced stage melanoma patients treated with Ipi/Nivo 

versus anti-PD-1 monotherapy (Nivo or Pembro) by (a) progression free survival and (b) overall survival. 

Legend: Ipi = ipilimumab, Nivo = nivolumab, Pembro = pembrolizumab.

Figure 2: Kaplan-Meier curves of progression free survival comparing advanced stage melanoma patients 

treated with Ipi/Nivo versus anti-PD-1 monotherapy (Nivo or Pembro) in the (a) BRAF mutant cohort and 

(b) BRAF WT cohort. Legend: Ipi = ipilimumab, Nivo = nivolumab, Pembro = pembrolizumab. 

Figure 3: Kaplan-Meier curves of overall survival comparing advanced stage melanoma patients treated 

with Ipi/Nivo versus anti-PD-1 monotherapy (Nivo or Pembro) in the (a) BRAF mutant cohort and (b) 

BRAF WT cohort. Legend: Ipi = ipilimumab, Nivo = nivolumab, Pembro = pembrolizumab. 

Figure 4: Forest plot for progression free survival using univariate Cox models by stratification groups. 

Legend: Ipi = ipilimumab, Nivo = nivolumab, Pembro = pembrolizumab, LDH = lactate dehydrogenase, 

ULN = upper limit of normal, 2XULN = two times the upper limit of normal.

Figure 5: Forest plot for overall survival using Cox models using univariate Cox models by stratification 

groups. Legend: Ipi = ipilimumab, Nivo = nivolumab, Pembro = pembrolizumab, LDH = lactate 

dehydrogenase, ULN = upper limit of normal, 2XULN = two times the upper limit of normal. 

Supplemental Figure 1: Kaplan-Meier curves of progression free survival comparing advanced stage 

melanoma patients with BRAF mutant status versus BRAF WT status by (a) treatment with anti-PD-1 

monotherapy (Nivo or Pembro) and (b) treatment with Ipi/Nivo. Legend: Mut = BRAF mutant, WT = 

BRAF wildtype.

Supplemental Figure 2: Kaplan-Meier curves of overall survival comparing advanced stage melanoma 

patients with BRAF mutant status versus BRAF WT status by (a) treatment with anti-PD-1 monotherapy 

(Nivo or Pembro) and (b) treatment with Ipi/Nivo. Legend: Mut = BRAF mutant, WT = BRAF wildtype.

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

References

 Ascierto PA, Long GV, Robert C, et al. Survival Outcomes in Patients With Previously Untreated 

BRAF Wild-Type Advanced Melanoma Treated with Nivolumab Therapy: Three-Year Follow-

up of a Randomized Phase 3 Trial. JAMA Oncol. 2019 Feb;5(2):187-194. DOI: 

10.1001/jamaoncol.2018.4514

 Ascierto PA, Simeone E, Sileni VC, et al. Sequential treatment with ipilimumab and BRAF 

inhibitors in patients with metastatic melanoma: data from the Italian cohort of the ipilimumab 

expanded access program. Cancer Invest. 2014 May;32(4):144-149. DOI: 

10.3109/07357907.2014.885984

 Bjoern J, Nitschke NJ, Iversen TZ, Schmidt H, Fode K, Svane IM. Immunological correlates of 

treatment and response in stage IV malignant melanoma patients treated with Ipilimumab. 

Oncoimmunology. 2016 Apr;5(4):e1100788. DOI: 10.1080/2162402X.2015.1100788.

 Boni A, Cogdill AP, Dang P, et al. Selective BRAFV600E inhibition enhances T-cell recognition 

of melanoma without affecting lymphocyte function. Cancer Res. 2010 Jul;70(13):5213-5219. 

DOI: 10.1158/0008-5472.CAN-10-0118

 Bradley SD, Chen Z, Melendez B, et al. BRAF(V600E) co-opts a conserved MHC class I 

internalization pathway to diminish antigen presentation and CD8+ T-cell recognition of 

melanoma. Cancer Immunol Res. 2015 June;3(6):602-209. DOI: 10.1158/2326-6066.CIR-15-

0030

 Conforti F, Pala L, Bagnardi V, et al. Cancer immunotherapy efficacy and patients’ sex: a 

systematic review and meta-analysis. Lancet Oncol. 2018 Jun;19(6):737-746. DOI: 

10.1016/S1470-2045(18)30261-4. 

 Davoli T, Uno H, Wooten EC, Elledge SJ. Tumor aneuploidy correlates with markers of immune 

evasion and with reduced response to immunotherapy. Science. 2017 Jan 20;355(6322):eaaf8399. 

DOI: 10.1126/science.aaf8399.

 Danilova L, Wang H, Sunshine, et al. Association of PD-1/PD-L axis expression with cytolytic 

activity, mutational load, and prognosis in melanoma and other solid tumors. Proc Natl Acad Sci 

USA. 2016 Nov;113(48);E7769-7777. DOI: 10.1073/pnas.1607836113

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

 Daud A, Wolchok JD, Robert C, et al. Programmed death-ligand 1 expression and response to the 

anti-programmed death 1 antibody pembrolizumab in melanoma. J Clin Oncol. 2016 

Dec;34(34):4102-4109. DOI: 10.1200/JCO.2016.67.2477

 Eisenhauer EA, Therasse P, Bogaerts J, et al. New response evaluation criteria in solid tumours: 

Revised RECIST guideline (version 1.1). Eur J Cancer. 2009 Jan;45(2):228-247. DOI: 

10.1016/j.ejca.2008.10.026

 Forschner A, Battke F, Hadaschik D, et al. Tumor mutation burden and circulating tumor DNA in 

combined CTLA-4 and PD-1 antibody therapy in metastatic in metastatic melanoma – results of a 

prospective biomarker study. J Immunother Cancer. 2019 Jul;7(1):180. DOI: 10.1186/s40425-

019-0659-0

 Gershenwald JE, Scolyer RA, Hess KR, et al. Melanoma staging: evidence-based changes in the 

American Joint Committee on Cancer eighth edition cancer staging manual. CA Cancer J Clin. 

2017 Nov;67(6):472-492. DOI: 10.3322/caac.21409

 Hellmann MD, Ciuleanu TE, Pluzanski A, et al. Nivolumab plus Ipilimumab in Lung Cancer with 

a High Tumor Mutational Burden. N Engl J Med. 2019 May;378(22):2093-2104. DOI: 

10.1056/NEJMoa1801946. 

 Hodi FS, Chiarion-Sileni V, Gonzalez R, et al. Nivolumab plus ipilimumab or nivolumab alone 

versus ipilimumabe alone in advanced melanoma (CheckMate 067): 4-year outcomes of a 

multicentre, randomised, phase 3 trial. Lancet Oncol. 2018 Nov;19(11):1480-1492

 Hugo W, Zaretsky JM, Sun L, et al. Genomic and Transcriptomic Features of Response to Anti-

PD-1 Therapy in Metastatic Melanoma. Cell. 2017 Jan;168(3):542. DOI: 

10.1016/j.cell.2017.01.010

 Johnson DB, Pectasides E, Feld E, et al. Sequencing Treatment in BRAFV600 Mutant 

Melanoma: Anti-PD-1 Before and After BRAF Inhibition. J Immunother. 2017 Jan;40(1);31-35. 

DOI: 10.1097/CJI.0000000000000148

 Khalili JS, Liu S, Rodriguez-Cruz TG, et al. Oncogenic BRAF(V600E) promotes stromal cell-

mediated immunosuppression via induction of interleukin-1 in melanoma. Clin Cancer Res. 2012 

Oct;18(19):5329-5340. DOI: 10.1158/1078-0432.CCR-12-1632

 Kim SY, Kim SN, Hahn HJ, Lee YW, Choe YB, Ahn KJ. Metaanalysis of BRAF mutations and 

clinicopathologic characteristics in primary melanoma. J Am Acad Dermatol. 2015 

Jun;72(6):1036-1046.e2. DOI: 10.1016/j.jaad.2015.02.1113

 Kugel CH, Douglass SM, Webster MR, et al. Age Correlates with Resonse to Anti-PD-1, 

Reflecting Age-Related Differences in Intratumoral Effector and Regulatory T-Cell Populations. 

Clin Cancer Res. 2018 Nov;24(21):5347-5356. DOI: 10.1158/1078-0432.CCR-18-1116.

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

 Larkin J, Chiarion-sileni V, Gonzalez R, et al. Five-Year Survival with Combined Nivolumab and 

Ipilimumab in Advanced Melanoma. N Engl J Med. 2019 Oct;381(16):1535-1546. DOI: 

10.1056/NEJMoa1910836

 Long GV, Hodi FS, Chiarion-Sileni V, et al. Characteristics of Long-Term Survivors and 

Subgroup Analyses With Combination Nivolumab Plus Ipilimumab (NIVO+IPI) for Advanced 

Melanoma (CheckMate 067). Presented at the Society of Melanoma Research Congress Annual 

Meeting, Salt Lake City, UT, Nov 20-23, 2019. Abstract.

 Ma VT, Haring CT, Warrier G, Swiecicki PL. Targeted Therapy and Traditional Chemotherapy 

in Melanoma and Cutaneous Squamous Cell Carcinoma. Facial Plast Surg. 2020 Apr;36(2):186-

193. DOI: 10.1055/s-0040-1709126

 Mar VJ, Wong SQ, Li J, et al. BRAF/NRAS wild-type melanomas have a high mutation load 

correlating with histologic and molecular signatures of UV damage. Clin Cancer Res. 2013 

Sep;19(17):4589-4598. DOI: 10.1158/1078-0432.CCR-13-0398

 Moser JC, Chen D, Hu-Lieskovan S, et al. Real-world survival of patients with advanced BRAF 

V600 mutated melanoma treated with front-line BRAF/MEK inhibitors, anti-PD-1 antibodies, or 

nivolumab/ipilimumab. Cancer Med. 2019 Dec;8(18):7637-7643. DOI: 10.1002/cam4.2625

 Oh A, Tran DM, McDowell LC, et al. Cost-Effectiveness of Nivolumab-Iplimumab Combination 

Therapy Compared to Monotherapy for First-Line Treatment of Metastsatic Melanoma in the 

United States. J Manag Care Spec Pharm. 2017 Jun; 23(6): 653-664. DOI: 

10.18553/jmcp.2017.23.6.653

 Park C, Kim M, Kim MJ, et al. Clinical application of next-generation sequencing-based panel to 

BRAF wild-type advanced melanoma identifies key oncogenic alterations and therapeutic 

strategies. Mol Cancer Ther. 2019 Dec. Pii: molcanther.0457.2019. DOI: 10.1158/1535-

7163.MCT-19-0457

 Pavlick AC, Fecher L, Ascierto PA, Sullivan RJ. Frontline Therapy for BRAF-Mutated 

Metastatic Melanoma: How Do You Choose, and Is There One Correct Answer? Am Soc Clin 

Oncol Educ Book. 2019 Jan;39:564-571. DOI: 10.1200/EDBK_243071

 Saab KR, Mooradian MJ, Wang DY, et al. Tolerance and efficacy of BRAF plus MEK inhibition 

in patients with melanoma who previously have received programmed cell death protein 1-based 

therapy. Cancer. 2019 Mar;125(6):884-891. DOI: 10.1002/cncr.31889

 Schachter J, Ribas A, Long GV, et al. Pembrolizumab versus ipilimumab for advanced 

melanoma: final overall survival results of a multicentre, randomised, open-label phase 3 study 

(KEYNOTE-006). Lancet Lond Engl. 2017 Oct; 390(10105):1853-1862. DOI: 10.1016/S0140-

6736(17)31601-X

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

 Seymour L, Bogaerts J, Perrone A, et al. iRECIST: guidelines for response criteria for use in 

trials testing immunotherapeutics. Lancet Oncol. 2017 Mar;18(3): e143-e152. DOI: 

10.1016/S1470-2045(17)30074-8

 Topalian SL, Hodi FS, Brahmer JR, et al. Safety, activity, and immune correlates of anti-PD-1 

antibody in cancer. N Engl J Med. 2012 Jun;366(26):2443-2454. DOI: 10.1056/NEJMoa1200690

 Tumeh PC, Harview CL, Yearley JH, et al. PD-1 blockade induces responses by inhibiting 

adaptive immune resistance. Nature. 2014 Nov;515(7528):568–571. DOI: 10.1038/nature13954

 Tumeh PC, Hellmann MD, Hamid O, et al. Liver Metastasis and Treatment Outcome with Anti-

PD-1 Monoclonal Antibody in Patients with Melanoma and NSCLC. Cancer Immunol Res. 2017 

May;5(5):417-424. DOI: 10.1158/2326-6066.CIR-16-0325

 Valpione S, Pasquali S, Campana LG, et al. Sex and interleukin-6 are prognostic factors for 

autoimmune toxicity following treatment with anti-CTLA4 blockade. J Transl Med. 2018 

Apr;16(1):94. DOI: 10.1186/s12967-018-1467-x.

 Weber JS, D’Angelo SP, Minor D, et al. Nivolumab versus chemotherapy in patients with 

advanced melanoma who progressed after anti-CTLA-4 treatment (CheckMate 037): a 

randomized, controlled, open-label phase 3 trial. Lancet Oncol. 2015 Apr;16(4):375-384. DOI: 

10.1016/S1470-2045(15)70076-8

 Whipple CA and Brinckerhoff CE. BRAFV600E melanoma cells secrete factors that activate 

stromal fibroblasts and enhance tumourigenicity. Br J Cancer. 2014 Oct;111(8):1625-1633. DOI: 

10.1038/bjc.2014.452

 Wolchok JD, Chiarion-Sileni V, Gonzalez R, et al. Overall Survival With Combined Nivolumab 

and Ipilimumab in Advanced Melanoma. N Engl J Med. 2017 Oct 5;377(14):1345-1356. DOI: 

10.1056/NEJMoa1709684

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



 

This article is protected by copyright. All rights reserved 

Table 1: Patient characteristics. Legend: Ipi/Nivo: ipilimumab/nivolumab; ECOG: Eastern Cooperative 

Oncology Group (Performance Status); LDH: lactate dehydrogenase; ULN: upper limit of normal. 

Subgroup 
Number of Patients 

p-value† 
BRAF Mutant BRAF WT Unknown 

All Patients 81 (100%) 152 (100%) 2 (100%)   

BRAF Mutation         

  V600E 53 (65%) N/A N/A   

  V600K 26 (32%) N/A N/A   

  V600 Unspecified 2 (3%) N/A N/A   

Treatment       0.05 

  Ipi/Nivo 45 (56%) 63 (41%) 2 (100%)   

  Nivolumab 6 (7%) 27 (18%) 0   

  Pembrolizumab 30 (37%) 62 (41%) 0   

Age       <0.0001* 

  <65 59 (73%) 68 (45%) 1 (50%)   

  65 22 (27%) 84 (55%) 1 (50%)   

Gender       1.00 

  Male 54 (67%) 101 (66%) 2 (100%)   

  Female 27 (33%) 51 (34%) 0   

ECOG       0.90 

  0-1 79 (98%) 148 (97%) 2 (100%)   

  2 2 (2%) 3 (2%) 0   

  3 0 1 (1%) 0   

LDH‡       0.41 

  ≤ULN 50 (62%) 109 (72%) 1 (50%)   

  >ULN 28 (35%) 38 (25%) 0   

  >2xULN 7 (9%) 7 (5%) 0   

  Unknown 3 (4%) 5 (3%) 1 (50%)   

Brain Metastases       0.11 

  No 61 (75%) 113 (74%) 0   

  Yes 20 (25%) 39 (26%) 2 (100%)   

Liver Metastases       0.30 

  No 65 (80%) 116 (76%) 2 (100%)   
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  Yes 16 (20%) 36 (24%) 0   

†Chi-square test 

‡LDH upper limit of normal is 240 IU/L 
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Table 2: Multivariate Cox regression of treatment and prognostic variables and effect on progression free 

survival with hazard ratios. Legend: Ipi = ipilimumab, Nivo = nivolumab, Pembro = pembrolizumab, 

LDH = pre-treatment lactate dehydrogenase, WT = wildtype, Mets = metastases, ULN = upper limit of 

normal, 2x = two times, Tx = Treatment. 

Variable Description 
Hazard 

Ratio 

95% Wald 

Confidence 

Limits 

p-value† 

Therapy by BRAF 

Status 

BRAF WT: Ipi/Nivo vs Nivo or 

Pembro 
0.477 0.222 0.916 0.025* 

BRAF V600 mutant: Ipi/Nivo 

vs Nivo or Pembro 
0.500 0.273 1.126 0.060 

Brain Metastases No Brain Mets vs Brain Mets 0.696 0.449 1.078 0.104 

Liver Metastases No Liver Mets vs Liver Mets 1.037 0.600 1.793 0.895 

LDH‡ 
Normal LDH vs >ULN LDH 0.778 0.475 1.272 0.317 

Normal LDH vs >2xULN LDH 0.249 0.114 0.543 0.001* 

Age Age <65 vs Age 65 0.966 0.591 1.578 0.890 

Gender Male vs Female 0.921 0.607 1.398 0.700 

†Wald Chi-square test 

‡LDH upper limit of normal is 240 IU/L 
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Table 3: Multivariate Cox regression of treatment and prognostic variables and effect on overall survival 

with hazard ratios. Legend: Ipi = ipilimumab, Nivo = nivolumab, Pembro = pembrolizumab, LDH = pre-

treatment lactate dehydrogenase, WT = wildtype, Mets = metastases, ULN = upper limit of normal, 2x = 

two times, Tx = Treatment. 

Variable Description 
Hazard 

Ratio 

95% Wald 

Confidence 

Limits 

p-value† 

Therapy by 

BRAF Status 

BRAF WT: Ipi/Nivo vs Nivo 

or Pembro 
0.306 0.095 0.905 0.027* 

BRAF V600 mutant: Ipi/Nivo 

vs Nivo or Pembro 
0.417 0.192 0.989 0.048* 

Brain Metastases No Brain Mets vs Brain Mets 0.586 0.334 1.027 0.062 

Liver Metastases No Liver Mets vs Liver Mets 0.566 0.292 1.094 0.091 

LDH‡ 
Normal LDH vs >ULN LDH 0.577 0.305 1.093 0.092 

Normal LDH vs >2xULN LDH 0.086 0.035 0.212 <0.0001* 

Age Age <65 vs Age 65 1.148 0.609 2.165 0.669 

Gender Male vs Female 0.966 0.552 1.690 0.904 

†Wald Chi-square test  

‡LDH upper limit of normal is 240 IU/L 
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