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Executive Summary 

The CADTH pan-Canadian Oncology Drug Review (pCODR) Expert Review Committee 

(pERC) has provided several reimbursement recommendations on immunotherapies and 

BRAF (proto-oncogene B-Raf)-targeted therapies in patients with metastatic melanoma 

since 2012. Although the current pERC recommendations specify the use of 

immunotherapies and BRAF-targeted therapies in specific patient populations, the pCODR 

Provincial Advisory Group has identified implementation issues and gaps that were either 

not addressed or were out of scope at the time the pERC recommendations were issued. 

Thus, the optimal use of immunotherapies and BRAF-targeted therapies for patients with 

metastatic melanoma is unknown. To help address implementation issues and gaps that 

were either not addressed or were out of scope at the time the pERC recommendations 

were issued, this study systematically reviews the drug interventions for metastatic 

melanoma patients in Canada. 

Research Questions 

1. What evidence is available to inform the sequencing of BRAF-targeted therapies 

(i.e., dabrafenib plus trametinib, dabrafenib, vemurafenib, vemurafenib plus 

cobimetinib) and immunotherapies (i.e., nivolumab, pembrolizumab, ipilimumab, 

nivolumab plus ipilimumab) for the treatment of patients with previously untreated 

BRAF-mutated metastatic melanoma? 

a) What is the clinical efficacy and safety of treatment with BRAF-targeted 

therapies as a second-line option for patients with BRAF-mutated metastatic 

melanoma who have previously been treated with either single-agent 

immunotherapy or combination immunotherapy? 

b) What is the clinical efficacy and safety of treatment with either single-agent 

immunotherapy or combination immunotherapy as a second-line option for 

patients with BRAF-mutated metastatic melanoma who have been previously 

treated with BRAF-targeted therapy? 

2. What is the clinical efficacy and safety of treatment with four doses of ipilimumab 

monotherapy after progression on pembrolizumab or nivolumab for patients with 

metastatic melanoma, regardless of BRAF status? 

3. What is the clinical efficacy and safety of nivolumab monotherapy as a first-line 

option for patients with BRAF-mutated metastatic melanoma? 

Methods 

A peer-reviewed literature search was conducted using the following bibliographic 

databases: Published literature was identified by searching the following databases: 

MEDLINE (1946–) with in-process records and daily updates, through Ovid; Embase 

(1974–) through Ovid; and PubMed. The search strategy comprised both controlled 

vocabulary, such as the National Library of Medicine’s MeSH (Medical Subject Headings), 

and keywords. The main search concepts were nivolumab, ipilimumab, dabrafenib, 

trametinib, pembrolizumab, cobimetinib, vemurafenib, BRAF inhibitor, PD-1 inhibitor, 

CTLA-4 inhibitor, and melanoma. Methodological filters were applied to limit retrieval to 

health technology assessments, systematic reviews, meta-analyses, randomized controlled 
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trials, and non-randomized studies. Where possible, retrieval was limited to the human 

population. The search was limited to English-language documents. No date limit was 

applied. A search for conference abstracts was conducted and a methodological filter was 

applied to limit the retrieval to randomized controlled trials. The initial searches were 

completed in February and March 2018. Regular alerts were established to update the 

searches until the publication of the final report. Regular search updates were performed 

on databases that do not provide alert services. 

Two reviewers independently selected studies. A data extraction form for the review was 

designed a priori to document and tabulate relevant study characteristics. Data were 

extracted by one reviewer and were verified by the second reviewer for accuracy and 

completeness. The Downs and Black checklist was used to assess the quality of the 

included clinical studies. Any disagreements were resolved through discussion until 

consensus was reached. Meta-analyses and subgroup analyses were not possible. A 

narrative synthesis of results of included studies was conducted. 

Summary of Findings for Sequencing of BRAF Therapies 
and Immunotherapies 

Seven retrospective non-randomized studies were identified for the question regarding 

sequencing of BRAF-targeted therapies and immunotherapies. In summary, BRAF-targeted 

therapies can be an option for patients previously treated with immunotherapy. As well, 

immunotherapy can be an option for patients previously treated with BRAF-targeted 

therapies. The results suggest that patients treated with BRAF-targeted therapies after 

treatment with immunotherapy may have longer progression-free survival (PFS) and overall 

survival (OS), and a higher objective response rate (ORR) compared with patients treated 

with immunotherapy after BRAF-targeted therapies. However, due to the non-comparative, 

retrospective evidence identified, the optimal sequencing of BRAF-targeted therapies and 

immunotherapies is unclear. 

Summary of Findings for Ipilimumab After Pembrolizumab 
and Nivolumab 

Three retrospective non-randomized studies were identified for the question regarding the 

use of ipilimumab after progression on nivolumab or pembrolizumab. The results suggest 

that ipilimumab may have some response after progression on pembrolizumab or 

nivolumab. There were high rates of immune-related adverse events in patients receiving 

ipilimumab after progression on pembrolizumab or nivolumab. However, due to the non-

comparative, retrospective evidence identified, it is unknown how treatment with ipilimumab 

compares with no treatment or with other treatment options after progression on nivolumab 

or pembrolizumab. Overall, for questions 1 and 2, there are inherent limitations of 

retrospective observational studies, including the lack of confidence in assessment of 

exposure to treatment, selection biases of included patient populations, the potential for 

reporting bias, and the fact that non-randomized data are susceptible to bias from known 

and unknown confounding variables, among others. All studies were deemed to be of low 

quality; therefore, findings should be interpreted with caution. 
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Summary of Findings for Nivolumab for Untreated Patients 
With BRAF-Mutated Disease 

Finally, one randomized controlled trial (RCT) was identified for the question regarding the 

use of nivolumab monotherapy in the first-line setting for BRAF-mutated metastatic 

melanoma patients. There was limited evidence identified, specifically, in the BRAF-

mutated subgroup of patients (30%), because the study was designed to investigate 

treatment with nivolumab in patients with metastatic melanoma, regardless of BRAF 

mutation carrier status. The results suggest that in patients with metastatic melanoma, 

regardless of BRAF status, nivolumab has a longer OS and PFS, and a higher ORR 

compared with ipilimumab. 
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Context and Policy Issues 

In 2017, 7,200 Canadians were diagnosed with melanoma and 1,250 patients died from 

melanoma.
1
 Unresectable stage III and stage IV melanoma are associated with a poor 

prognosis. The median survival for these patients is approximately six months, and only 

25% of patients with late-stage disease survive to one year.
2
 The five-year survival rate for 

stage IV melanoma ranges from 15% to 20%.
3
 

A wide spectrum of chemotherapeutic and immunological therapies has been investigated 

in patients with metastatic melanoma, with limited to no success. More recently, 

immunotherapies are now used in patients with metastatic melanoma. These drugs include 

ipilimumab (Yervoy), a monoclonal antibody targeting CTLA-4, as well as nivolumab 

(Opdivo), and pembrolizumab (Keytruda), anti-programmed cell death protein 1 (anti-PD-1) 

checkpoint inhibitor. Furthermore, melanoma patients who carry a mutation of the proto-

oncogene B-Raf (BRAF) can be treated with targeted therapies, which include: vemurafenib 

(Zelboraf), cobimetinib (Cotellic), dabrafenib (Tafinlar), and trametinib (Mekinist). 

pERC has provided reimbursement recommendations on drugs in patients with metastatic 

melanoma since 2012 (Figure 1). pERC recommended reimbursement of ipilimumab for 

advanced melanoma patients who have received prior systemic chemotherapy.
4
 Of note, 

this recommendation was made when immunotherapies such as nivolumab and 

pembrolizumab were not yet available. pERC also recommended reimbursement of 

ipilimumab as a first-line therapy for patients with primary cutaneous, unresectable stage III 

or stage IV melanoma, regardless of BRAF mutation carrier status.
4
 Additionally, nivolumab 

was also recommended for patients with previously untreated, unresectable or metastatic, 

BRAF non-carrier melanoma.
5
 Pembrolizumab was recommended for the treatment of 

patients with unresectable or metastatic melanoma who have not received, or failed, 

treatment with ipilimumab, or for patients who have failed BRAF-targeted therapies.
6
 All of 

these recommendations were conditional on the cost-effectiveness being improved to an 

acceptable level. More recently, pERC recommended the reimbursement of the 

combination of nivolumab plus ipilimumab for patients with previously untreated, 

unresectable metastatic melanoma, regardless of BRAF mutation status, conditional on the 

feasibility of adoption being addressed.
7
 

In addition to immunotherapies, pERC has also made recommendations on the 

reimbursement of BRAF-targeted therapies, such as BRAF inhibitors or MEK inhibitors, for 

BRAF-mutated metastatic melanoma in the first-line setting, including vemurafenib 

monotherapy,
8
 dabrafenib monotherapy,

9
 trametinib monotherapy,

10
 dabrafenib in 

combination with trametinib,
11

 and vemurafenib in combination with cobimetinib.
12

 These 

drugs were studied in previously untreated patients. All recommendations were conditional 

on the cost-effectiveness of these drug monotherapies and drug combinations being 

improved to an acceptable level. 
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Figure 1: Timeline of pERC Recommendations for Metastatic Melanoma Treatments 

 

Ipilimumab 2L  Trametinib Ipilimumab 1L Pembrolizumab Cobimetinib + vemurafenib 

 
 

 
 
 

1L = first line. 

2L = second line. 

Although the current pERC recommendations specify the use of immunotherapies and 

BRAF-targeted therapies in specific patient populations, the pCODR Provincial Advisory 

Group (PAG) has identified implementation issues and gaps that were either not addressed 

or were out of scope at the time the pERC recommendations were issued. Thus, the 

optimal sequencing of immunotherapies and BRAF-targeted therapies for patients with 

metastatic melanoma is unknown. There are several benefits to proceeding with this gap 

analysis. First, to our knowledge, there have not been any systematic reviews evaluating 

this issue. Second, a review of the current evidence may inform implementation gaps 

identified by PAG. Third, a systematic review will help produce evidence that may be 

incorporated into implementing an evidence-informed reimbursement algorithm for 

metastatic melanoma therapy in Canada. 

Research Questions 

1. What evidence is available to inform the sequencing of BRAF-targeted therapies 

(i.e., dabrafenib plus trametinib, dabrafenib, vemurafenib, vemurafenib plus 

cobimetinib) and immunotherapies (i.e., nivolumab, pembrolizumab, ipilimumab, 

nivolumab plus ipilimumab) for the treatment of previously untreated BRAF-mutated 

metastatic melanoma patients? 

a) What is the clinical efficacy and safety of treatment with BRAF-targeted 

therapies as a second-line option for patients with BRAF-mutated disease who 

have previously been treated with either: single-agent immunotherapy or 

combination immunotherapy? 

b) What is the clinical efficacy and safety of treatment with either single-agent 

immunotherapy or combination immunotherapy as a second-line option for 

patients with BRAF-mutated disease who have been previously treated with 

BRAF-targeted therapy? 

2. What is the clinical efficacy and safety of treatment with ipilimumab monotherapy 

after progression on pembrolizumab or nivolumab for metastatic melanoma patients 

regardless of BRAF status? 

3. What is the clinical efficacy and safety of nivolumab monotherapy as a first-line 

option for BRAF-mutated metastatic melanoma patients? 

It should be noted that patients with metastatic melanoma with brain metastases were not 

specifically addressed in this review. 

  Vemurafenib   Dabrafenib   Dabrafenib + trametinib Nivolumab Nivolumab + ipilimumab 



 

 
TECHNOLOGY REVIEW Metastatic Melanoma Gap Analysis 11 

Key Message 

Sequencing of BRAF Therapies and Immunotherapies 

Seven non-randomized retrospective cohort studies were identified. The results suggest 

that BRAF-targeted therapies can be an option for patients previously treated with 

immunotherapy. As well, the results suggest that immunotherapy can be an option for 

patients previously treated with BRAF-targeted therapies. Overall, based on an indirect 

comparison of retrospective studies with different populations and potential confounders, 

the results suggest that patients treated with BRAF-targeted therapies after treatment with 

immunotherapy may have longer progression-free survival (PFS) and overall survival (OS), 

and a higher objective response rate (ORR) compared with patients treated with 

immunotherapy after BRAF-targeted therapies. However, it should be noted that the 

evidence identified is non-comparative and retrospective. Therefore, the optimal 

sequencing of BRAF-targeted therapies and immunotherapies is unclear. Furthermore, due 

to the limited evidence available, we were unable to assess the following outcomes of 

interest: duration of response, grade 3 to 4 adverse events, immune-related adverse 

events, and quality of life in patients treated with BRAF-targeted therapies after treatment 

with immunotherapy or in patients treated with immunotherapy after BRAF-targeted 

therapies. 

Ipilimumab After Pembrolizumab or Nivolumab 

Three non-randomized retrospective cohort studies were identified. Overall, there appears 

to be some benefit to treating patients with ipilimumab after progression on pembrolizumab 

or nivolumab. The results suggest that ipilimumab may have some response after 

progression on pembrolizumab or nivolumab. Immune-related adverse events were 

reported in up to 70% patients receiving ipilimumab after progression on pembrolizumab or 

nivolumab. However, due to the non-comparative, retrospective evidence identified, it is 

unknown how treatment with ipilimumab compares with no treatment or with other 

treatment options after progression on nivolumab or pembrolizumab with regard to OS, 

PFS, ORR, disease control rate (DCR), adverse events, and quality of life. Furthermore, 

due to the limited evidence available, we were unable to assess the following outcomes of 

interest: duration of response, quality of life or grade 3 to grade 4 adverse in patients 

receiving ipilimumab after progression on nivolumab or pembrolizumab. 

Overall, for question 1 and 2, there are inherent limitations of retrospective observational 

studies, including the lack of confidence in assessment of exposure to treatment, selection 

biases of included patient populations, the potential for reporting bias, and the fact that non-

randomized data are susceptible to bias from known and unknown confounding variables, 

among others. All studies identified were deemed to be of low quality; therefore, findings 

should be interpreted with caution. However, the feasibility of conducting a randomized 

controlled trial (RCT) in the second-line setting is unclear, since there are limited options for 

an appropriate comparator. Depending on the comparator chosen (e.g., placebo, 

chemotherapy), clinicians may feel there is a lack of clinical equipoise. In the meantime, in 

the absence of RCTs, prospective collection of real-world data as well as data from 

expanded-access programs and sharing of outcomes among jurisdictions, may be of value 

for decision-making. 
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Nivolumab for First-Line Treatment for Patients With BRAF-Mutated 
Disease 

Only one high-quality RCT was identified. The study included patients with metastatic 

melanoma, regardless of BRAF mutation carrier status, including patients with BRAF-

mutated disease (30%) and patients with BRAF non-carrier melanoma. While patients were 

stratified by BRAF mutation carrier status at randomization, the required sample size for the 

trial was based on determining the treatment effect for the entire study population 

(i.e., metastatic melanoma, regardless of BRAF status). Therefore, any subgroup analyses 

of patients with BRAF mutation–positive disease may not have been adequately powered to 

detect a difference in effect. Any conclusions drawn on the treatment effect should be 

drawn from the entire study population. Furthermore, the study was designed to assess 

only the effect of nivolumab versus ipilimumab or nivolumab plus ipilimumab versus 

ipilimumab on PFS and OS. Thus, comparisons between nivolumab and nivolumab plus 

ipilimumab are only descriptive and should be interpreted with caution. The results suggest 

that, compared with ipilimumab, nivolumab has a longer OS, PFS, and a higher ORR for 

metastatic melanoma patients, regardless of BRAF status. Duration of response was not 

reached in the nivolumab group. Compared with ipilimumab, nivolumab was associated 

with few grade 3 and grade 4 adverse events and fewer immune-related adverse events. 

Furthermore, there were no clinically meaningful differences in quality of life for patients 

treated with nivolumab compared with ipilimumab. There was limited evidence identified 

specifically in the BRAF-mutated subgroup of patients with regard to key outcomes, 

including OS, PFS, ORR, duration of response (DOR), DCR, grade 3 and grade 4 adverse 

events, immune-related adverse events, and quality of life. Given the limitations identified in 

the available subgroup analyses, there is sufficient uncertainty in the subgroup results of 

patients with BRAF-mutated disease that no firm conclusions could be drawn on the 

difference in treatment effect of nivolumab, based on BRAF mutation status. However, the 

results from the CheckMate 067 trial suggests that OS, PFS, and ORR improve with 

nivolumab compared with ipilimumab in the full trial population of untreated metastatic 

melanoma patients, regardless of BRAF status. While pembrolizumab and BRAF-targeted 

therapies are currently available for patients with BRAF-mutated disease, nivolumab is not. 

Given that there are already treatment options in this setting, the possible uptake of 

nivolumab in patients with BRAF-mutated disease is unclear. The choice of treatment for 

patients with BRAF-mutated melanoma may depend on treatment availability, patient 

values, and preferences as well as clinical factors such as tolerability to adverse events and 

the relative overall costs. 

Methods 

Literature Search Methods 

The literature search was performed by an information specialist using a peer-reviewed 

search strategy. The complete search strategy is presented in Appendix 1. 

Published literature was identified by searching the following databases: MEDLINE (1946–) 

with in-process records and daily updates, through Ovid; Embase (1974–) through Ovid; 

and PubMed. The search strategy comprised both controlled vocabulary, such as the 

National Library of Medicine’s MeSH (Medical Subject Headings), and keywords. The main 

search concepts were nivolumab, ipilimumab, dabrafenib, trametinib, pembrolizumab, 

cobimetinib, vemurafenib, BRAF inhibitor, PD-1 inhibitor, CTLA-4 inhibitor, and melanoma. 
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Methodological filters were applied to limit retrieval to health technology assessments, 

systematic reviews, meta-analyses, RCTs, and non-randomized studies. Where possible, 

retrieval was limited to the human population. The search was limited to English-language 

documents. No date limit was applied. A search for conference abstracts was conducted 

and a methodological filter was applied to limit the retrieval to RCTs. 

The initial searches were completed in February and March 2018. Regular alerts were 

established to update the searches until the publication of the final report. Regular search 

updates were performed on databases that do not provide alert services. 

Grey literature (literature that is not commercially published) was identified by searching 

relevant sections of the Grey Matters checklist (https://www.cadth.ca/grey-matters). Google 

and other Internet search engines were used to search for additional Web-based materials. 

These searches were supplemented by reviewing the bibliographies of key papers and 

through contacts with appropriate experts and industry. 

Selection Criteria and Methods 

This review included literature published in electronic databases, conference abstract, 

limited to RCTs only, and grey literature. Two reviewers (KC and SM) independently 

screened the titles and abstracts of all citations received from the literature search using 

DistillerSR. In the first round of screening, titles and abstracts were screened for inclusion 

based on the selection criteria. At the title and abstract screening level, consensus was 

reached with both reviewers in order to exclude an article. Following preliminary screening, 

eligibility was assessed through full-text screening. Eligibility for the inclusion of articles was 

assessed independently and in duplicate. During full-text screening, disagreements 

required resolution through consensus. A third reviewer adjudicated when consensus was 

not achieved. Duplicate publications of the same trial were excluded, unless they provided 

additional outcome information of interest. The study-selection process is presented in an 

adapted Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

flow chart in Appendix 1.
13

 

Table 1: Selection Criteria for Research Question 1 

Population(s) Patients aged 18 years or older with metastatic (stage III or stage IV) melanoma, with BRAF V600 mutation  

Intervention(s) 

a)  First line: immunotherapies (i.e., pembrolizumab, nivolumab, ipilimumab, nivolumab plus ipilimumab) 

 Second line: BRAF-targeted therapies (i.e., dabrafenib plus trametinib, dabrafenib, trametinib, 
vemurafenib, vemurafenib plus cobimetinib) 

b)  First line: BRAF-targeted therapies (i.e., dabrafenib plus trametinib, dabrafenib, trametinib, vemurafenib, 
vemurafenib plus cobimetinib) 

 Second line: Immunotherapies (i.e., pembrolizumab, nivolumab, ipilimumab, nivolumab plus ipilimumab) 

Comparator(s) 
Randomized studies: opposite sequence of the intervention (as described earlier) 

Non-randomized studies: not applicable 

Outcome(s) 

Clinical benefits and harms: Overall survival, progression-free survival, response rates (complete response, 
partial response, stable disease, progressive disease, and objective overall response. Note: objective 
response rate is defined as complete response plus partial response), duration of response, disease control 
rate, quality of life, safety (grade 3 to 4 adverse events, immune-related adverse events) 

Study Design(s) 
Health technology assessments, indirect treatment comparisons, systematic reviews, meta-analyses, 
randomized controlled trials, non-randomized studies 

 

https://www.cadth.ca/grey-matters
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Table 2: Selection Criteria for Research Question 2 

Population(s) Patients aged 18 years or older with metastatic (stage III or stage IV) melanoma regardless of BRAF status  

Intervention(s) Ipilimumab monotherapy after progression on pembrolizumab or nivolumab  

Comparator(s) Randomized studies: 

 treatment other than ipilimumab monotherapy after progression on nivolumab or pembrolizumab, or no 

treatment after progression on nivolumab or pembrolizumab 

Non-randomized studies: 

 not applicable 

Outcome(s) Clinical benefits and harms: Overall survival, progression-free survival, response rates (complete response, 
partial response, stable disease, progressive disease, and objective overall response. Note: objective 
response rate is defined as complete response plus partial response), duration of response, disease control 
rate, quality of life, safety (grade 3 to 4 adverse events, immune-related adverse events) 

Study Design(s) Health technology assessments, indirect treatment comparisons, systematic reviews, meta-analyses, 
randomized controlled trials, non-randomized studies 

 

Table 3: Selection Criteria for Research Question 3 

Population(s) Patients aged 18 years or older with metastatic (stage III or stage IV) melanoma, with BRAF V600 mutation  

Intervention(s) First line: nivolumab monotherapy 

Comparator(s) Randomized studies: 

 first line: BRAF-targeted therapies (i.e., dabrafenib plus trametinib, dabrafenib, trametinib, vemurafenib, 

vemurafenib plus cobimetinib) or 

 immunotherapies (i.e., pembrolizumab, ipilimumab, nivolumab plus ipilimumab) 

Non-randomized studies: 

 not applicable 

Outcome(s) Clinical benefits and harms: Overall survival, progression-free survival, response rates (complete response, 
partial response, stable disease, progressive disease, and objective overall response. Note: objective 
response rate is defined as complete response plus partial response), duration of response, disease control 
rate, quality of life, safety (grade 3 to 4 adverse events, immune-related adverse events) 

Study Design(s) Health technology assessments, indirect treatment comparisons, systematic reviews, meta-analyses, 
randomized controlled trials, non-randomized studies 

Exclusion Criteria 

The following studies were excluded: not available in English, case series, case reports, 

cross-sectional, editorials, letters, comments, conference abstracts reporting non-

randomized studies, phase I dose escalation trials (mixed design clinical trials [i.e., trials 

with a dose escalation phase followed by an efficacy-determining phase in which the 

intervention is administered at the same dose and schedule to all patients] are included if 

data were reported separately for the two phases of the trial); sample size n < 30 for non-

randomized studies.
14

 Studies specific to patients with brain metastases and focused on 

brain metastasis–specific outcomes, were excluded. 
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Data Extraction Strategy 

A data extraction form for the review was designed a priori to document and tabulate 

relevant study characteristics. Data were extracted by one reviewer and verified by a 

second reviewer for accuracy and completeness. Any disagreements were resolved 

through discussion until consensus was reached. 

Critical Appraisal of Individual Studies 

Risk of bias in individual studies was assessed using the Cochrane risk of bias assessment 

for randomized studies,
15

 while the Downs and Black checklist was used to assess non-

randomized studies.
16

 A quality assessment was performed by the lead researcher and 

verified by the second researcher. A review of the strength and limitations of each included 

study was described narratively. 

Data Analysis Methods 

Meta-analysis and pooling of statistical results were not performed due to the variability in 

study characteristics. Instead, a narrative synthesis and summary of findings are presented. 

Summary of Evidence 

Quantity of Research Available 

The process of study selection is outlined in the adapted PRISMA flowchart (Appendix). 

The literature search yielded 3,213 citations. Upon screening titles and abstracts, 2,853 

citations were excluded and 360 potentially relevant articles were retrieved for full-text 

review. A total of 266 potentially relevant reports were retrieved from hand searching and 

literature search alerts. Of the seven potentially relevant reports, none were selected as 

being relevant, and seven were excluded. A search of conference abstracts yielded 

520 citations. Upon screening the titles and abstracts, 510 citations were excluded and nine 

abstracts were selected as being relevant. Seven, three, and three reports were selected 

for research questions 1, 2, 3, respectively. 

Summary of Study Characteristics 

This systematic review identified 11 unique clinical studies that assessed the efficacy and 

safety of immunotherapies and BRAF-targeted therapies that may address the 

implementation issues and gaps not addressed in the recommendations, or which were out 

of scope at the time of the pERC recommendation,. 

Individual clinical study details are presented in Table 4 and Table 6. 

Question 1: Sequencing of BRAF Therapies and Immunotherapies 

Studies 

For question 1, no RCTs were identified. However, seven retrospective cohort studies were 

identified. Four studies
17-19

 were multi-centre retrospective cohort studies and three 

studies
20-23

 were single-centre retrospective cohort studies. Three studies were conducted 

in Italy,
17,20,23

 one study was conducted in France,
19

 one study was conducted in Belgium,
22

 

and two studies were conducted in the US.
18,21

 Patients received treatment from clinical trial 

expanded-access programs or by standard of care. 
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Populations 

Five studies included only patients with BRAF V600 mutation–positive advanced or 

metastatic melanoma.
17,18,20-22

 The remaining two studies included melanoma patients, 

regardless of BRAF carrier status. Here, one study
23

 included patients with unresectable 

stage III/IV melanoma, while the other study
19

 included patients with advanced melanoma 

who experienced disease progression on ipilimumab and were subsequently treated with 

pembrolizumab. Only evidence from the subgroup of patients with BRAF-mutated disease 

in each of those studies was reported in this review, as the remaining patients from those 

studies were outside the scope of research question 1. The number of study participants 

ranged from 34 to 274. Among the studies
17,18,20,23

 that reported sex, the majority of 

patients were male; three studies did not report the sex of the included patients.
19,21,22

 

Overall, the studies included patients with MIc or stage IVc disease and Eastern 

Cooperative Oncology Group (ECOG) status 0 or 1. Previous treatment with BRAF-targeted 

therapies (i.e., first-line treatment with BRAF-targeted therapies) included: single-agent 

vemurafenib, single-agent dabrafenib, dabrafenib plus trametinib, MEK inhibitors 

[trametinib, cobimetinib, binimetinib]. Previous treatment with immunotherapy (i.e., first-line 

treatment with immunotherapy) was mainly with ipilimumab. Only one study included 

patients with previous treatment (i.e., first-line treatment) with nivolumab, pembrolizumab, 

or nivolumab plus ipilimumab, and atezolizumab.
18

 In the study, a small number of patients 

(5%) were treated with atezolizumab, while it is unknown how many patients in the BRAF 

inhibitor plus MEK inhibitor group (55%) were treated with binimetinib. 

See Table 5 for the baseline characteristics of patients in the included studies. 

Interventions 

Three studies
17,20-22

 investigated treatment with single-agent BRAF-targeted therapies 

(i.e., vemurafenib or dabrafenib) followed by ipilimumab compared with treatment with 

ipilimumab followed by BRAF-targeted therapies (i.e., vemurafenib or dabrafenib) for 

patients with BRAF-mutated disease. One study
21

 investigated treatment with single-agent 

BRAF-targeted therapies (i.e., vemurafenib or dabrafenib), or combination BRAF-targeted 

therapies (dabrafenib plus trametinib) followed by ipilimumab, or vice versa, in patients with 

BRAF-mutated disease. In one study,
22

 patients were treated with single-agent BRAF-

targeted therapies (i.e., vemurafenib, dabrafenib) and then ipilimumab (i.e., monotherapy or 

combination therapy with an autologous mRNA electroporated dendritic cell vaccine 

[TriMixDC-MEL] available from a phase II trial for patients with advanced pre-treated 

melanoma). However, for the purpose of this question, patients who were treated with the 

ipilimumab combination therapy were not considered. Another study
18

 investigated 

treatment with anti-PD-1 or anti-PD-L1 inhibitors (i.e., nivolumab, pembrolizumab, 

nivolumab plus ipilimumab, atezolizumab), before treatment with BRAF-targeted therapies 

with or without MEK inhibitor therapies (i.e., vemurafenib, dabrafenib, or encorafenib either 

alone or in combination with MEK inhibitors (i.e., cobimetinib, trametinib, or binimetinib) or 

vice versa in patients with BRAF-mutated disease. In these studies, patients received the 

subsequent therapy (e.g., second-line treatment) following disease progression on the first-

line treatment. A single-centre study
23

 investigated treatment with BRAF-targeted therapies 

(i.e., vemurafenib or MEK inhibitors), followed by ipilimumab and then followed by 

pembrolizumab in a subgroup of patients with BRAF-mutated disease. Patients received 

pembrolizumab after disease progression or unacceptable toxicity after treatment with 

ipilimumab. Another study
19

 included a subgroup of patients who were treated with a BRAF 

inhibitor (i.e., vemurafenib, dabrafenib, combination of BRAF and MEK inhibitors) followed 

by treatment with ipilimumab upon disease progression. 
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The following treatment sequences of interest were evaluated in the included studies. 

BRAF-targeted therapies, followed by immunotherapies: 

 vemurafenib  ipilimumab 

 dabrafenib  ipilimumab 

 dabrafenib plus trametinib  ipilimumab 

 vemurafenib or MEK inhibitor  ipilimumab  pembrolizumab 

 vemurafenib, dabrafenib alone or in combination with MEK inhibitors, including 

cobimetinib, trametinib  nivolumab, pembrolizumab, nivolumab plus ipilimumab. 

Immunotherapies followed by BRAF-targeted therapies: 

 ipilimumab  vemurafenib 

 ipilimumab  dabrafenib 

 ipilimumab  dabrafenib plus trametinib 

 nivolumab, pembrolizumab, nivolumab plus ipilimumab  vemurafenib, dabrafenib 

alone or in combination with MEK inhibitors, including cobimetinib, trametinib. 

Outcomes 

Six studies
17-22

 reported OS. PFR was reported five studies.
18-21,23

 Response rates, 

including ORR, complete response (CR), partial response (PR), stable disease (SD), and 

progressive disease (PD) were reported in five studies.
17,18,20,23

 One study
23

 reported DCR. 

DOR, grade 3 and grade 4 adverse events, immune-related adverse events, and health-

related quality of life were not measured in the included studies. 
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Table 4: Study Characteristics of Included Studies for Research Question 1 

Study  Study Design Sample Size Patient Inclusion Criteria Intervention Comparator  Outcomes 

Ascierto 

2012
20

 

Characteristics: Retrospective 

cohort analysis of a single institution 

of patients from clinical trials or 

expanded-access program 

 

Dates of patient assessments: Not 

reported 

 

Median follow-up: 11.2 months 

 

Location: 

Italy (1 site)  

Sample size: 

N total: 34 

 

BRAF – Ipilimumab, 

n = 28 

 

Ipilimumab – BRAF, 

n = 6 

BRAF V600 mutation–positive 

advanced melanoma who sequentially 

received vemurafenib or dabrafenib 

and ipilimumab, or vice versa 

BRAF inhibitor 

(vemurafenib or 

dabrafenib) upon 

disease 

progression with 

ipilimumab 

(ipilimumab first) 

 

Vemurafenib 

960 mg or 

dabrafenib 

150 mg twice daily 

Ipilimumab upon 

disease progression 

with a BRAF inhibitor 

first 

 

Ipilimumab 3 mg/kg 

every 3 weeks for 

4 doses 

 ORR 

 OS 

 PFS 

Ascierto 

2014
17

 

Characteristics: 

Retrospective multi-centre analysis 

of patients participating in an 

expanded-access program 

 

Dates of patient assessments: 

June 2010 and January 2012 

 

Median follow-up: 

11 months (1 to 34 months) 

 

Location: 

Italy (55 centres) 

Sample size: 

N total: 173 BRAF 

mutated 

 

Sequential treatment, 

n = 93 

 

Ipilimumab – BRAF, 

n = 48 

 

BRAF – ipilimumab, 

n = 45 

BRAF V600 mutation-positive 

advanced melanoma, had sequentially 

received a BRAF inhibitor 

(vemurafenib or dabrafenib) and 

ipilimumab, or vice versa, ≥ 16 years 

with life-threatening unresectable 

stage III or stage IV melanoma who 

had either failed systemic therapy or 

were intolerant to ≥ 1 systemic 

treatment and for whom no other 

therapeutic option was available 

BRAF inhibitors 

after progression 

on ipilimumab 

 

Patients could 

have received 

vemurafenib 

960 mg twice daily 

or dabrafenib 

150 mg twice daily 

Ipilimumab after 

progression on BRAF 

inhibitors 

 

Ipilimumab 3 mg/kg 

was administered 

intravenously over 

90 minutes, every 

3 weeks for 4 doses 

 OS 

 ORR 
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Study  Study Design Sample Size Patient Inclusion Criteria Intervention Comparator  Outcomes 

Ackerman 

2014
21

 

Characteristics: 

Retrospective cohort patients in 

clinical trials or standard of care at 

the Dana– 

Farber Harvard Cancer Center 

(Beth Israel Deaconess Medical 

Center, Dana–Farber Cancer 

Institute, Massachusetts 

General Hospital Cancer Center) in 

the US; Melanoma Institute of 

Australia; or Westmead Hospital, 

Sydney 

 

Dates of patient assessments: 

2009 to 2012 

 

Median follow-up: Not reported 

 

Location: 

US (3 sites), Australia (2 sites) 

Sample size: 

N total: 274 

 

Cohort 1: 

Immunotherapy – 

BRAF, n = 32 

 

Cohort 2: BRAF – 

Immunotherapy, 

n = 242 

 

Subgroup: BRAF – 

ipilimumab, n = 40 

BRAF v600 mutant metastatic 

melanoma with measurable disease 

and who received treatment with 

dabrafenib, vemurafenib, or a 

combination of dabrafenib and 

trametinib 

 

Other lines of therapy (including 

chemotherapy, radiation, and surgery) 

were allowed before or after the BRAF 

inhibitor treatment 

Patients received 

BRAF inhibitor 

(vemurafenib, 

dabrafenib, or 

dabrafenib/trameti

nib). 

 

Patients may have 

received 1 or 

more of the 

following 

treatments 

(immuno-

therapies): IL-2, 

ipilimumab, 

nivolumab, anti-

PD-L1 antibody 

(MPDL-3280A) or 

adoptive T-cell 

therapy 

Patients received 

BRAF inhibitor 

(vemurafenib, 

dabrafenib, or 

dabrafenib/ trametinib). 

 

Patients may have 

received 1 or more of 

the following treatments 

(immunotherapies): 

IL-2, ipilimumab, 

nivolumab, anti-PD-L1 

antibody (MPDL-

3280A) or adoptive 

T-cell therapy 

 OS 

 PFS 

 Response 

rates 

Schreuer 

2015
22

 

Characteristics: 

Retrospective cohort single-centre 

institution from the Department of 

Medical Oncology of UZ Brussels 

 

Dates of patient assessments: 

May 2010 to May 2014 

 

Median follow-up: Not reported 

 

Location: 

Belgium (single centre) 

Sample size: 

N total: 64 

 

Cohort 1: BRAF – 

ipilimumab, n = 33 

 

Cohort 2: Ipilimumab 

first – second therapy, 

n = 31 

(subgroup: Ipilimumab 

– BRAF, n = 15) 

BRAF V600–mutant stage III or 

stage IV melanoma, treated with a 

BRAF inhibitor or ipilimumab-based 

treatment regimens (ipilimumab as 

monotherapy or as part of an 

investigational combination with 

autologous dendritic cell therapy as 

second-line treatment) 

 

Note: Patients who received the latter 

regimen are not described in this 

report 

Ipilimumab 

(3 mg/kg every 

3 weeks × 4) 

 

BRAF inhibitors 

(vemurafenib, 

dabrafenib)  

BRAF inhibitors 

(vemurafenib, 

dabrafenib) 

 

Ipilimumab (3 mg/kg 

every 3 weeks × 4) 

 OS 

 ORR 

 DCR 
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Study  Study Design Sample Size Patient Inclusion Criteria Intervention Comparator  Outcomes 

Johnson 

2017
18

 

Characteristics: 

Multi-centre retrospective cohort 

analysis of cancer centres standard 

of care or as part of clinical trials at 

Vanderbilt University Medical 

Center, Beth Israel Deaconess 

Medical Center, Dana–Farber 

Cancer Institute, and 

Massachusetts General Hospital 

 

Dates of patient assessment: 

Not reported 

 

Median follow-up: Not reported 

 

Location: United States (4 sites) 

Sample size: 

N total: 114 

 

Cohort 1:  

Anti-PD-1 – BRAF 

n = 56 

 

Cohort 2:  

BRAF – Anti-PD-1 

n = 58 

BRAF V600 mutant melanoma Anti-PD-1 or anti-

PD-L1 

(nivolumab, 

pembrolizumab, 

atezolizumab) 

before receiving 

BRAF 

(vemurafenib, 

dabrafenib or 

encorafenib) 

either alone or in 

combination with 

MEK inhibitors 

(i.e., cobimetinib, 

trametinib, or 

binimetinib) 

Anti-PD-1 or anti-PD-L1 

(nivolumab, 

pembrolizumab, 

atezolizumab) after 

progression of BRAF 

(vemurafenib, 

dabrafenib, or 

encorafenib) either 

alone or in combination 

with MEK inhibitors 

(i.e., cobimetinib, 

trametinib, or 

binimetinib)  

 OS 

 PFS 

 ORR 

Simeone 

2017
23

 

Characteristics: 

Single-centre retrospective analysis 

of patients in an expanded-access 

program at Istituto Nazionale 

Tumori Fondazione Pascale 

 

Dates of patient assessment: Not 

reported 

 

Median follow-up: Not reported 

 

Location: 

Italy (1 site) 

Sample size: 

N total: 47 

 

BRAF mutated n = 16 

BRAF non-carrier 

n = 26 

Advanced melanoma patients, 

ipilimumab-refractory, disease 

progression on ipilimumab treated with 

pembrolizumab 

Vemurafenib or 

MEK inhibitor  

ipilimumab  

pembrolizumab 

NA  PFS 

 ORR 

 DCR 
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Study  Study Design Sample Size Patient Inclusion Criteria Intervention Comparator  Outcomes 

Sassolas, 

2017
19

 

Characteristics: 

Multi-centre retrospective analysis 

of medical charts from 33 treatment 

centres: 12 in teaching hospitals, 9 

in non-teaching public hospitals, 7 in 

private clinics and 5 in cancer 

centres 

 

Dates of patient assessments: 

November 2014 to February 2015 

 

Median follow-up: Not reported 

 

Location: 

France (33 sites) 

Sample size: 

N total: 271 

 

BRAF mutated, 

n = 133 

 

BRAF mutated treated 

with ipilimumab, 

n = 35 

History of histopathologically 

confirmed diagnosis of cutaneous 

melanoma 

 

Unresectable stage III (per treating 

physician) or stage IV melanoma 

according to AJCC (7th edition, 2009) 

classification at diagnosis or upon 

progression following diagnosis 

 

Diagnosis of unresectable stage III or 

IV melanoma between January 1, 

2012 and October 31, 2012; age ≥ 18 

years at diagnosis. Patients enrolled in 

a clinical trial or in an early access 

program at any point during their 

treatment journey were eligible for 

inclusion in the study 

BRAF inhibitor 

(vemurafenib, 

dabrafenib, 

combination of 

BRAF and MEK 

inhibitors), 

followed by 

ipilimumab  

NA  OS 

 PFS 

AJCC = American Joint Committee on Cancer; BRAFi = BRAF inhibitor; DCR = disease control rate; NA = not applicable; ORR = overall response rate; OS = overall survival; PFS = progression-free survival. 
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Table 5: Baseline Characteristics of Patients Included in the Studies for Research Question 1 

 Age Median 
(Range) 

Sex (%) Diagnosis: Metastases 
Stage (%) 

ECOG Status (%) First-Line Treatment (%) 

Ascierto, 2012
20

 

BRAF – ipilimumab 
N = 28 

50 (not reported) Male: 18 (64%) 
Female: 10 (36%) 

Unresectable IIIc: 1 (4%) 
M1b: 2 (7%) 
M1c: 25 (89%) 
 
Brain metastasis: 7 (25%) 

ECOG 0: 15 (54%) 
ECOG 1: 13 (46%) 
 
 

Vemurafenib: 12 (43%) 
Dabrafenib: 16 (57%) 

Ipilimumab – BRAF 
N = 6 

48 (not reported) Male: 4 (67%) 
Female: 2 (33%) 

Unresectable IIIc: 0 (0%) 
M1b: 0 (0%) 
M1c: 6 (100%) 

ECOG 0: 6 (100%) Ipilimumab 

Ascierto, 2014
17

 

BRAF – Ipilimumab 
N = 45 

54 (29 to 76) Male: 28 (62%) 
Female: 17 (38%) 

NR ECOG 0: 32 (71%) 
ECOG 1: 13 (29%) 

Vemurafenib: NR 
Dabrafenib: NR 

Ipilimumab – BRAF 
N = 48 

52 (24 to 80) Male: 22 (46%) 
Female: 26 (54%) 

NR ECOG 0: 38 (79%) 
ECOG 1: 10 (21%) 

Ipilimumab 

Ackerman, 2014
21

 

BRAF – immunotherapy 

N = 242 
NR NR III: 6 (2%) 

IVa 19 (8%) 
IVb: 21 (9%) 
IVc: 191 (81%) 

ECOG 0: 135 (56%) 
ECOG 1: 83 (34%) 
ECOG 2: 17 (7%) 
ECOG 3/4: 7 (3%) 

Vemurafenib: 91 (38%) 
Dabrafenib: 99 (40%) 
Dabrafenib/trametinib: 52 (22%) 

Immunotherapy – BRAF 
N = 32 

NR NR III: 0 (0%) 
IVa 4 (13%) 
IVb: 2 (7%) 
IVc: 24 (80%) 

ECOG 0:14 (44%) 
ECOG 1: 14 (44%) 
ECOG 2: 3 (9%) 
ECOG 3/4: 1 (3%) 

Ipilimumab 

Schreuer, 2015
22

 

BRAF – ipilimumab 
N = 33 

NR NR NR ECOG 0: 15 (45%
)a

 
ECOG 1: 15 (45%)

a
 

ECOG 0: 15 (47%)
b
 

ECOG 1:15 (47%)
b
 

ECOG 2: 1 (3%)
b
 

ECOG ≥ 3: 1 (3%)
b
 

Vemurafenib: 27 (76%) 
Dabrafenib: 8 (24%) 

Ipilimumab – BRAF 
N = 31

c
 

NR NR NR 0: 17 (55%)
a
 

1: 14 (45%)
a
 

Ipilimumab 
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 Age Median 
(Range) 

Sex (%) Diagnosis: Metastases 
Stage (%) 

ECOG Status (%) First-Line Treatment (%) 

Johnson, 2017
18

 

BRAF – Anti-PD-1 
N = 58 

50 (NR) Male: n = 35 (60%) 
Female: n = 23 (40%) 

NR ECOG 0: 40 (70%) 
ECOG 1 to 2: 17 (30%) 

BRAF inhibitor monotherapy: 
26 (45%) 
BRAF inhibitor + MEK inhibitor: 
32 (55%) 

Anti-PD-1 – BRAF 
N = 56 

56.5 (NR) Male: N = 37 (66%) 
Female: n = 19 (34%) 

NR ECOG 0: 46 (82%) 
ECOG 1 to 2: 10 (18%) 

Nivolumab: 10 (18%) 
Pembrolizumab: 24 (43%) 
Atezolizumab: 3 (5%) 
Ipilimumab + nivolumab: 19 (34%) 

Simeone, 2017
23

 

BRAF – ipilimumab 
N = 16

e
 

30 (28 to 60) Male: n = 8 (50%) 
Female: = 8 (50%) 

Stage IV M1c disease: 16 ECOG 0: 15 (94%)
d
 

ECOG 1: 1 (6%)
d
 

 
ECOG 0: 3 (19%)

e
 

ECOG 1: 13 (81%)
e
 

 
ECOG 0: 4 (33%)

f
 

ECOG 1: 12 (67%)
f
 

Vemurafenib: 14 (88) 
MEK inhibitor: 2 (12) 

Sassolas, 2017
19

 

BRAF – ipilimumab 
N = 35

g
 

56 (NR) NR NR ECOG 0 to 1: 91% Vemurafenib: NR 
Dabrafenib: NR 
Combination of BRAF and MEK 
inhibitors: NR 

ECOG = Eastern Cooperative Oncology Group; NR = not reported. 

a
 At baseline. 

b
 At initiation of treatment with ipilimumab (pre-ipilimumab). 

c 
Full population included ipilimumab first, including the subgroup of patients who received ipilimumab followed by BRAF-targeted therapy (n = 15). 

d
 Before targeted therapy. 

d
 Reporting only the BRAF-mutated subgroup and not non-carrier group. 

e
 After initiation of targeted therapy. 

f
 After initiation of pembrolizumab. 

g
 Reporting only BRAF treated sequentially with ipilimumab. 
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Question 2: Ipilimumab After Pembrolizumab or Nivolumab 

Studies 

For question 2, no RCTs were identified. However, three multi-centre retrospective cohort 

studies
24-26

 were identified. One study included patients from nine clinical sites in Japan,
24

 

while one study included patients from 12 clinical sites in the US and Europe,
26

 and one 

study included patients from eight clinical sites in Australia and the UK.
25

 The studies 

included patients who accessed treatment through clinical trials and standard of care. 

Population 

The number of study participants ranged from 40 to 84 across the studies. The majority of 

patients were between the ages of 61 and 65 years, male, had M1c-stage disease, ECOG 

status 0 or 1, and had BRAF non-carrier melanoma. Patients included in the studies had 

been treated previously with either nivolumab or pembrolizumab and, subsequently, were 

treated with ipilimumab due to disease progression. Prior treatment history with nivolumab 

or pembrolizumab was reported in the studies. In one study, the average dose of nivolumab 

received was 8.4 doses (range: 1 to 49). The median time to progression with nivolumab 

was 3 months (0.8 months to 20 months).
24

 The median treatment duration of 

pembrolizumab or nivolumab was 5 months.
25

 See Table 7 for details. Two studies
25,26

 

reported ORRs on prior pembrolizumab or nivolumab therapy of 19% and 20%, 

respectively. 

Intervention 

In one study, all patients received nivolumab monotherapy followed by ipilimumab 

monotherapy upon disease progression.
24

 In another study, patients who experienced 

failure on an anti-PD-1 therapy (i.e., nivolumab or pembrolizumab) received at least one 

dose of ipilimumab monotherapy or one dose of ipilimumab in combination with nivolumab.
26

 

Treatment with nivolumab in combination with ipilimumab after treatment with nivolumab 

and pembrolizumab was considered out of scope for this review (i.e., not relevant to the 

research question). Therefore, results for the arm that received ipilimumab monotherapy 

after progression on nivolumab or ipilimumab are not described in this report. In another 

study,
25

 patients who progressed on either pembrolizumab or nivolumab were treated with 

ipilimumab. The interval between treatment with nivolumab or pembrolizumab and the first 

dose of ipilimumab ranged from 28 days (7 to 660 days) to 53 days (2 to 683 days). In 

addition, two studies
24,25

 reported that 38% to 55% of patients received all four doses of 

ipilimumab, while the remaining patients experienced early termination of ipilimumab due to 

toxicity or clinical deterioration. 
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Outcomes 

One study reported the median OS in days, response rates including ORR, CR, PR, and 

SD, grade 3 or 4 severe immune-related adverse events after treatment with ipilimumab.
24

 

Another study reported the median OS in months, response rates, including ORR, CR, PR, 

and SD and DCR after treatment with ipilimumab.
26

 Another study reported PFS, response 

rates including ORR, CR, PR, and SD and grade 3 or 5 immune-related adverse events 

after treatment with ipilimumab.
25

 DOR, grade 3 and grade 4 adverse events, and quality of 

life were not measured in the included studies. 
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Table 6: Study Characteristics of Included Studies for Research Question 2 

Study  Study Design Sample Size Patient Eligibility Criteria Intervention Comparator Outcomes 

Fujisawa
24

 Characteristics: 

Multi-centre retrospective cohort of 

patients receiving treatment as 

standard of care at clinical sites 

 

Dates of patient assessment: 

August 2015 to April 2017 

 

Median follow-up: 

Not reported 

 

Location: 

Japan (9 sites) 

N = 60 Unresectable or stage IV 

melanoma treated with nivolumab 

followed by ipilimumab due to 

disease progression 

All patients received nivolumab 

at 2 mg/kg with a 3-week rest, or 

3 mg/kg with a 2-week rest, both 

of which are approved dosage 

regimens in Japan 

 

All patients received ipilimumab 

3 mg/kg followed by a 3-week 

rest 

No 

comparator 

 OS 

 ORR 

 Grade 3–4 

immune-

related 

adverse 

events 

Zimmer
26

 Characteristics: 

Retrospective multi-centre study 

 

 

Dates of patient assessment: 

January 2010 to June 2016 

 

Median follow-up: 

6 months (1 to 63 months) 

 

 

Location: 

US and Europe (12 sites) 

N = 84 

 

Ipilimumab: n = 47 

 

Ipilimumab + 

Nivolumab:  

n = 37 

Histologically proven 

unresectable stage III or IV 

melanoma following American 

Joint Committee on Cancer 7th 

edition criteria, received at least 

one dose of ipilimumab or 

ipilimumab and nivolumab either 

on or off a trial, documented 

disease progression on prior anti-

PD-1 therapy as per Response 

Evaluation Criteria in Solid 

Tumours (RECIST) 1.1 

Patients received at least one 

dose of ipilimumab after prior 

anti-PD-1 therapy failure 

 

53% received pembrolizumab 

47% received nivolumab 

In addition, some patients 

received: 

12% received ipilimumab 

19% received BRAF + MEK 

 

Single-agent ipilimumab 

treatment was administered at 

the approved dosing of 3 mg/kg 

every 3 weeks for four 

intravenous infusions. 

 

No 

comparator 

 OS 

 PFS 

 ORR 

 DCR 
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Study  Study Design Sample Size Patient Eligibility Criteria Intervention Comparator Outcomes 

Bowyer
25

 Characteristics: 

Multi-centre retrospective cohort 

study of patients who received 

therapy through clinical trials 

 

Dates of patient assessments: 

November 2012 to July 2015 

 

Median follow-up: 

12.5 months (4 to 23 months) 

 

Location: 

Australia and UK (8 sites) 

N = 40 Patients who received either 

pembrolizumab or nivolumab 

followed by ipilimumab, due to 

progression 

 

Only patients who had received 

sequential treatment were 

suitable for inclusion 

65% received pembrolizumab at 

either a dose of 10 mg/kg on a 

two or three weekly basis or 

2 mg/kg three weekly 

 

35% patients received 

nivolumab 3 mg/kg twice weekly. 

 

All patients discontinued anti-

PD-1 inhibitor owing to 

progression and were treated 

with ipilimumab as the next line 

of systemic therapy 

 

Subsequent ipilimumab 

treatment was at standard 

dosing (3 mg/kg intravenously, 

three weekly to a maximum of 

four doses) 

NA  OS 

 ORR 

 Grade 3–5 

immune-

related 

adverse 

events 

DCR = disease control rate; NA = not applicable; ORR = objective response rate; OS = overall survival; PFS = progression-free survival. 
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Table 7: Baseline Characteristics of Patients Included in Studies for Research Question 2 

Age 

Median 
(Range) 

Sex 

(%) 
Diagnosis: 
Metastases 
Stage 

ECOG Status (%) BRAF Status 
(%) 

Type of Previous 
Treatment (%) 

History of 
Previous 
Treatment 

Fujisawa
24

 

Mean: 63.3 

years (31 to 

85) 

Male: 50% 

Female: 50% 

IIIc: 2 (3)
a
 

M1a: 6 (10)
a
 

M1b: 12 (20)
a
 

M1c: 40 (67)
a
 

ECOG 0 = 33 (69)
a
 

ECOG 1 = 14 (29)
a
 

ECOG 2 = 1 (2)
 a
 

BRAF non-

carrier = 60 

(100) 

Nivolumab: 100% 8.4 doses 

(range: 1 to 

49) 

Zimmer
26

,
b
 

65 years (29 

to 80 years) 

Males: 64% 

Females: 36%  

M1c: 47 (100)
a
 ECOG 0 = 23 (49) 

ECOG 1 = 23 (49) 

ECOG 2 = 1 (2) 

BRAF non-

carrier: 38 (81) 

BRAF mutated: 

7 (15) 

Unknown: 2 (4) 

Nivolumab: 22 (47) 

Pembrolizumab 25 

(53) 

Ipilimumab: 

12 (26) 

BRAF + MEK: 

9 (19) 

Median time 

to 

progression: 

3 months 

(0.8 to 20.2) 

Bowyer
25

 

61 years (37 

to 79 years) 

Male: 63% 

Female:37% 

M1a: 2 (5) 

M1b: 4 (10) 

M1c: 34 (85) 

ECOG 0 = 33 (69)
a
 

ECOG 1 = 14 (29)
a
 

ECOG 2 = 1 (2)
a
  

BRAF non-

carrier: 36 (90) 

BRAF v600 

mutated 4 (10) 

Nivolumab: 14 (35) 

Pembrolizumab: 

26 (65) 

Median 

treatment 

duration: 

5 months 

ECOG = Eastern Cooperative Oncology Group. 

a 
Stage at initiation of ipilimumab. 

b 
Reporting the ipilimumab-only arm of the study. 

Question 3: Nivolumab for First-Line Treatment for Patients With BRAF-
Mutated Disease 

One unique RCT, CheckMate 067,
27,28

 was identified along with nine corresponding 

conference abstracts.
29-37

 For the purpose of this report, results presented are from the most 

recent data cut-off date
27

 unless otherwise specified. CheckMate 067 was a double-blind, 

multi-centre, multi-arm phase III RCT that assessed the effect of nivolumab, nivolumab plus 

ipilimumab, and ipilimumab on OS and PFS in 945 patients with unresectable stage III or IV 

melanoma.
27,28

 

Population 

Baseline characteristics of patients were generally balanced between the three treatment 

groups. The majority of patients were male, had M1c disease, and an ECOG PS status of 0. 

Approximately 30% of patients had BRAF-mutated disease (Table 8). 

Intervention 

Patients, regardless of BRAF carrier status, were randomized (1:1:1) to receive nivolumab 

(N = 316; NBRAF carriers = 100 [32%]), nivolumab plus ipilimumab (N = 314; NBRAF carriers = 101 

[32%]), or ipilimumab (N = 315; NBRAF carriers = 97 [31%]). Patients continued to be treated with 

their assigned therapies until they had documented disease progression, developed 

unacceptable toxic events, or withdrew consent. Patients could be treated beyond 
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progression if they continued to have investigator-assessed clinical benefit and they were 

still tolerant to the study medication. It should be noted that this trial was not designed to 

compare nivolumab plus ipilimumab with the nivolumab treatment group. Thus, any 

comparisons made between these two treatment groups are considered descriptive in 

nature and should be interpreted with caution. 

Outcomes 

The co-primary outcomes assessed in CheckMate 067 were PFS and OS. Secondary 

efficacy end points in CheckMate 067 included ORR, and exploratory outcomes included 

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

Table 8: Select Baseline Characteristics of Patients in CheckMate 06728 

 Nivolumab 

(N = 316) 

Nivolumab Plus Ipilimumab 
(N = 314) 

Ipilimumab (N = 315) 

Age 

Median (range)  60 (25 to 90) 61 (18 to 88) 62 (18 to 89) 

Sex, n (%)    

Male  202 (63.9) 206 (65.6) 202 (64.1) 

Female  114 (36.1) 108 (34.4) 113 (35.9) 

ECOG, n (%) 

0 238 (75.3) 230 (73.2) 224 (71.1) 

1 77 (24.4) 83 (26.4) 91 (28.9) 

2 1 (0.3) 0 0 

Not reported  0 1 (0.3) 0 

Metastasis stage, n (%) 

M1c 184 (58.2) 181 (57.6) 183 (58.1) 

M0, M1a, or M1b 132 (41.8) 133 (42.4) 132 (41.9) 

BRAF status, n (%) 

Mutation  100 (31.6)  101 (32.2)  97 (30.8)  

No mutation  216 (68.4)  213 (67.8)  218 (69.2)  

ECOG = Eastern Cooperative Oncology Group. 
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Summary of Critical Appraisal and Limitations/Biases 

Question 1: Sequencing of BRAF Therapies and Immunotherapy and  
Question 2: Ipilimumab After Pembrolizumab or Nivolumab 

Only retrospective trials were identified for research question 1 (i.e., sequencing of BRAF-

targeted therapies and immunotherapies for the treatment of previously untreated BRAF-

mutated metastatic melanoma patients) and research question 2 (i.e., treatment with 

ipilimumab monotherapy after progression on pembrolizumab or nivolumab for metastatic 

melanoma patients, regardless of BRAF status). No RCTs were identified in the literature 

search. In this section, we discuss the limitations of the retrospective studies using the Down 

and Black framework. Further details on the critical appraisal of each included study can be 

found subsequently and in Appendix 1. 

Handling of known confounders in non-randomized studies: Confounding occurs when 

the observed treatment effect in the study can be explained by factors other than the 

treatment itself. Among the included studies, confounding factors may include differences in 

the patient populations or the schedule and administration of the intervention (i.e., age, 

gender, stage at diagnosis, ECOG status, brain metastases, prior lines of treatment, or 

previous chemotherapy). It is unclear how these confounding factors may impact the 

reported estimates in the study because they may overestimate or underestimate the 

reported treatment effect. It is unclear if adequate adjustment for confounding was 

performed in the analyses. Thus, it is unknown whether potential confounders were taken 

into consideration or if the study design adequately controlled for potential confounding 

factors in each study. 

Non-randomized data may lead to unknown confounding variables: Potential bias 

exists, of unknown direction and magnitude, due to the inability of non-randomized study 

designs to control for unknown confounding factors. It is difficult to assess the effect of 

unknown confounders in observational studies because not all variables are measured. 

Therefore, there is a potential that the reported effect estimates across studies may be 

biased. 

Lack of a comparator in non-randomized studies: No RCTs were identified for the 

research questions regarding sequencing of BRAF therapies and immunotherapies or the 

use of ipilimumab following progression on nivolumab or pembrolizumab. It is unknown how 

a BRAF inhibitor after progression on an immunotherapy compares with immunotherapy 

after progression on a BRAF inhibitor. Similarly, it is unknown how ipilimumab after 

progression on pembrolizumab or nivolumab compares with no treatment, best supportive 

care, or other available treatments. However, the feasibility of conducting an RCT in the 

second-line setting is unclear since there are limited options for an appropriate comparator. 

Depending on the comparator chosen (e.g., placebo, chemotherapy), clinicians may feel 

there is a lack of clinical equipoise. 

Selection bias — failure to develop and apply appropriate eligibility criteria: The 

included studies described the overall patient population and select baseline characteristics 

of the studied patients; however, specific inclusion and exclusion criteria were not 

adequately described in detail in some of the studies.
18,20-25

 It is not clear how patients were 

selected for review and assessment; therefore, there is the potential for selection bias. 
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External validity and patient population in the included studies: Among the different 

retrospective studies that were included in the review, patients could have received 

treatment through clinical trials, expanded-access programs, or in the clinical setting. These 

different study design/settings could lead to underlying differences in prognostic factors. For 

example, patients who received treatment through clinical trials may have been selected 

based on strict eligibility criteria with favourable prognostic factors and may also be 

considered more fit compared with a patient in the non–clinical trial setting. Furthermore, 

patients participating in clinical trials are monitored more frequently compared with patients 

receiving treatment in the hospital setting. The staff and facilities in a clinical trial setting are not 

representative of the treatment the majority of patients would receive in the clinical/hospital 

setting. Thus, the results obtained from different settings (e.g., clinical trial versus expanded-

access program) may not be generalizable to the typical clinical setting. In addition, the 

majority of patients in the included studies had ECOG performance status, which is a well-

established prognostic factor in advanced melanoma; therefore, the generalizability of these 

trials to a broader patient population may be limited. Furthermore, while the included studies 

were from countries in North America, Europe, and Asia, none included patients treated in 

the Canadian setting. Thus, it is unclear whether the results obtained in other countries with 

different patterns of practice can be generalizable to the Canadian population. 

Differences in measurement and assessment of outcomes: Some studies provided a 

clear description of the outcome assessed in the study while other studies did not. Among 

those studies that did provide a clear definition of the outcomes of interest, there were 

differences in how outcomes of interests were assessed across the trials. For example, 

response rates were reported according to immune-related response criteria in some 

studies,
17,22,23

 while other studies reported response rates according to Response 

Evaluation Criteria in Solid Tumors (RECIST) version 1.1 criteria (investigator-

assessed).
18,24,25

 As well, some studies
17,18,21,22

 measured OS from the time of first therapy 

to time of death, while other studies measured OS from the start of the second therapy to 

death.
18,21,22

 Furthermore, descriptions of the schedule of outcome assessments were not 

adequately described in the included studies. Thus, it is difficult to make comparisons across 

studies because of how the outcomes were defined and because this limits the 

generalizability of the results to Canadian clinical practice. 

Relevancy of interventions: Only one study
18

 evaluated sequencing of anti-PD-1 or anti-

PD-L1 (nivolumab, pembrolizumab, atezolizumab) prior to receiving BRAF (vemurafenib, 

dabrafenib, or encorafenib) either alone or in combination with MEK inhibitors 

(i.e., cobimetinib, trametinib, or binimetinib) or vice versa. In the study, a small number of 

patients (5%) were treated with atezolizumab, while it is unknown how many patients in the 

BRAF inhibitor plus MEK inhibitor group (55%) were treated with binimetinib. Atezolizumab 

and binimetinib are currently not available for patients with BRAF-mutated disease in the 

Canadian setting. The use of anti-PD-L1 and MEK inhibitors that are not currently available 

in Canada may call into question the relevancy of this study or whether or not it aligns with 

the target population of this review. 

Furthermore, the majority of the studies identified for question 1 evaluated the sequencing of 

ipilimumab and BRAF-targeted therapies (vemurafenib, dabrafenib, dabrafenib plus 

trametinib). While single-agent therapies are options for BRAF carriers, combination 

therapies are used more frequently; however, both BRAF-targeted single agents and 

combination therapies are shown to be effective treatment options. Similarly, while 

ipilimumab may be an option for BRAF carriers, in Canadian practice, pembrolizumab is 

more frequently used in this setting. Considering this, it is unclear whether the findings from 
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studies that evaluated BRAF-targeted therapies following ipilimumab or vice versa are 

generalizable to the current treatment landscape for patients with BRAF-mutated metastatic 

melanoma. 

Lack of confidence in the assessment of drug exposure: The doses and length of 

exposure for each intervention were not clearly described in the studies.
18,19,21-23,26

 

Differences in exposure between interventions have the potential to bias the results, and 

the direction and magnitude of this bias is unknown. Furthermore, the level of patient 

compliance with the drug during treatment is unknown in all studies. It is possible there were 

differences in the classification or diagnosis of progression for each patient both within and 

across the studies. For example, the diagnosis of progression on the initial therapy was not 

adequately described in some studies. Some patients could have experienced disease 

progression and continued treatment beyond progression before initiating the next line of 

therapy. Thus, the criteria for progression on a previous therapy may have been different for 

each patient and for each study. It should be noted that differences in the assessment of 

drug exposure and criteria for progression on a previous therapy that are reported in 

retrospective studies may reflect real-world patients and practice compared with the strict 

criteria in clinical trials. However, the retrospective studies identified for this review included 

some patients from clinical trials, making difficult to interpret the data. 

Unknown follow-up time of cohorts: Some cohort studies reported the duration of follow-

up,
17,21,24-26

 while other studies did not.
18-20,22,23

 Different follow-up times and unknown 

follow-up times for each cohort in each study could potentially bias the results to favour one 

treatment over the other. Without information on follow-up time, it is difficult to determine 

whether this had an impact on the results and what that impact might be. 

Missing data: A few of the studies did not report details on how missing data were handled. 

Missing data may bias the reported estimates from a study and the direction and magnitude 

of this bias is unknown. If the number of patients with missing data was small, then the 

impact may have been minimal and may not have affected the overall results. On the whole, 

the impact of missing data cannot adequately be assessed, due to a lack of reporting in the 

included studies. 

Limited data identified to answer research questions: For both questions 1 and 2, there 

was no evidence identified on outcomes of interest such as DOR, number of grade 3 or 

grade 4 adverse events, and quality of life. In addition, for question 2, there was no evidence 

identified on the number of immune-related adverse events. 

Question 3: Nivolumab for First-Line Treatment for Patients With BRAF-Mutated 
Disease 

One RCT was identified that evaluated the effectiveness of nivolumab monotherapy for 

treating patients with BRAF-mutated metastatic melanoma.
27,28

 CheckMate 067 was a well-

designed phase III double-blind RCT based on the Cochrane framework for assessing the 

risk of bias in randomized studies. The trial used adequate random-sequence generation 

and allocation concealment through an interactive voice response system (IVRS) with a 

third-party. Furthermore, study personnel and patients were blinded to randomization status 

until patients progressed and discontinued treatment. However, there are some limitations 

that should be noted: 
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CheckMate 067 was designed to only assess the effect of nivolumab versus ipilimumab, or 

nivolumab plus ipilimumab versus ipilimumab, on PFS and OS. Thus, comparisons between 

nivolumab and nivolumab plus ipilimumab are only descriptive and should be interpreted 

with caution. 

While patients were stratified at randomization according to their BRAF mutation status, the 

required sample size for the trial was based on determining the treatment effect for the 

entire study population. Therefore, the subgroup analysis of patients with BRAF mutation–

positive disease may not have been adequately powered to detect a difference in effect. 

In order to determine whether the treatment effect of nivolumab differs among subgroups of 

patients (i.e., BRAF carriers versus non-carriers), a statistical test for interaction is 

required.
38

 A statistical test for interaction tests the hypothesis that the treatment effect of 

nivolumab does not differ for patients who are BRAF carriers and non-carriers. If the P value 

of the interaction test is greater than 0.05, we fail to reject the null hypothesis that the effect 

of nivolumab is not different among patients who are BRAF carriers and non-carriers. 

However, if the P value for interaction is less than 0.05, we can assume that there is a 

statistical difference in the treatment effect of nivolumab among patients who are BRAF 

carriers and non-carriers. It is unknown if a test for interaction was performed to compare 

the treatment effect in the subgroups of BRAF carriers and non-carriers. Therefore, it is 

difficult to interpret whether there is a difference in treatment effect based on BRAF mutation 

status. 

There was limited evidence identified specifically on the subgroup of patients with BRAF-

mutated disease with regard to key outcomes, including OS, PFS, ORR, DOR, DCR, grade 

3 or 4 adverse events, immune-related adverse events, and quality of life. Only one clinical 

trial was identified that assessed nivolumab in the first-line setting which included patients 

with BRAF-mutated disease. It may be difficult to draw firm conclusions on a subgroup 

analysis from one clinical trial. 

There were a number of database lock dates for the CheckMate 067 trial, which were used 

to analyze PFS and OS as per protocol. By conducting this unplanned interim analysis, 

there is an increased risk of type 1 error in subsequent OS analyses because it is unclear 

whether a penalty was applied for the final analysis. 

Checkmate 067 included only patients who had an ECOG of 2 or lower. ECOG performance 

status is a well-established prognostic factor in advanced melanoma and the generalizability 

of these trials to a broader patient population may be limited. 
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Summary of Findings 

Key efficacy findings from the individual studies are presented in Tables 9 to 12. It was 

decided a priori that meta-analyses and subgroup analyses would not be performed due to 

the variability in study characteristics. 

Question 1: Sequencing of BRAF Therapies and Immunotherapies 

The key efficacy outcomes of each study are reported in Table 9. Two studies reported a 

median follow-up of approximately 11 months,
17,20

 while the median follow-up was not 

reported in the other studies. 

Overall Survival 

The definition of OS varied across studies. Some studies
17,18,21,22

 measured OS from the 

time of first therapy to time of death, while other studies measured OS from the start of the 

second therapy to death.
18,21,22

 On the other hand, one study reported exploratory OS 

results using advanced diagnosis to the date of death or to the end of the data extraction 

period for patients still alive.
19

 Finally, one study did not provide a description of how OS 

was defined.
20

 

Overall, the median OS ranged from 9.9 months (95% confidence interval [CI], 5.8 to 14.0) 

to 40.3 months (95% CI not reported) for single or combination immunotherapy after 

treatment with BRAF-targeted therapies when measured from the time of the first therapy. 

The median OS ranged from 5 months (95% CI, 3.8 to 8.8) to 28 months (95% CI, 21 to 32) 

for single or combination immunotherapy after treatment with BRAF-targeted therapies 

when measured from the time of the second therapy. 

The median OS ranged from 14.3 months (95% CI, 4.8 to 23.8) to 27.6 months (95% CI not 

reported) for BRAF-targeted therapies after treatment with single or combination 

immunotherapy when measured from the time of the first therapy. One study reported a 

median OS of 14.5 months (95% CI not reported) for BRAF-targeted therapies after 

treatment with single or combination immunotherapy when measured from the time of the 

second therapy.
18

 

In general, median OS was longer in patients treated with BRAF-targeted therapies after 

treatment with single or combination immunotherapy compared with patients treated with 

single or combination immunotherapy after treatment with BRAF-targeted therapies. 

Progression-Free Survival 

The definition of PFS also varied across studies. Two studies defined PFS as the start of 

therapy to start of progression, as indicated by RECIST criteria.
18,21

 In contrast, one study 

defined PFS as the date of the first administration of treatment to the date of disease 

progression, as assessed by the treating physician.
19

 The authors also considered the date 

of death as the date of progression for patients who died prior to progression. Another study 

defined PFS according to the start of progression from previous BRAF-inhibitor therapy and 

according to treatment with pembrolizumab.
23

 One study did not report how PFS was 

measured.
20

 

Overall, median PFS ranged from 2.7 months (95% CI, 1.8 to 3.1) to 3.4 months (95% CI, 

2.8 to 4.1) for single or combination immunotherapy after treatment with BRAF-targeted 

therapies. 
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Median PFS ranged from 5 months (95% CI not reported) to 6.7 months (95% CI, 4.3 to 9.1) 

for BRAF-targeted therapies after treatment with single or combination immunotherapy. 

In general, median PFS was longer in patients treated with BRAF-targeted therapies after 

treatment with single or combination immunotherapy compared with patients treated with 

single or combination immunotherapy after treatment with BRAF-targeted therapies. 

Response Rates 

Response rates were reported according to immune-related response criteria in three 

studies,
17,22,23

 and according to RECIST version 1.1 criteria (investigator-assessed) in one 

study.
18

 Two studies
20,21

 did not report the criteria for response rate tumour assessments. 

Overall, the ORR ranged from 12.5% to 29% for single or combination immunotherapy after 

treatment with BRAF-targeted therapies. For BRAF-targeted therapies after treatment with 

single or combination immunotherapy, the ORR ranged from 47% to 100%. 

In general, ORR was higher for patients treated with BRAF-targeted therapies after 

treatment with single or combination immunotherapy. 

Disease Control Rate 

Only one study assessed DCR,
23

 which was 18.6% for single or combination 

immunotherapy after treatment with BRAF-targeted therapies. 

Duration of Response 

No studies reported DOR. 

Adverse Events 

No studies reported adverse events. 

Quality of Life 

No studies reported quality of life.
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Table 9: Key Efficacy Outcomes in Studies Identified for Research Question 1 

Cohort OS From 1L 
Months 
(95% CI) 

OS 2L Months 
(95% CI) 

PFS on 1L 
Months (95% CI) 

PFS 2L Months 
(95% CI) 

RR 1L (%) RR 2L (%) DOR 1L DOR 
2L 

DCR 
1L 

DCR 
2L 

Grade 3–4 
AEs 

Grade 3-4 
Immune-
related AEs 

QoL 

Ascierto
20

 

BRAF – 
Ipilimumab 

 

NR 14.3 months 
(4.8 to 23.8) 

Vemurafenib: 
3.6 months 
(3.3 to 3.8) 
 
Dabrafenib: 
4 months (2.1 
to 5.9) 

3.4 months 
(2.8 to 4.1) 

Vemurafenib: 
ORR: 4 (33%) 
 
Dabrafenib: 
ORR: 10 
(63%) 

NR NR NR NR NR NR NR NR 

Ipilimumab – 
BRAF 

NR NR 3.4 months (NR) NR NR Vemurafenib: 
ORR: 3 (75%) 
Dabrafenib: 
ORR: 2 (100%) 

NR NR NR NR NR NR NR 

Ascierto
17

 

BRAF – 
ipilimumab 

1.2 months 
(0.5 to 1.9)

a
 

12.7 months 
(0.6 to 24.8)

c
 

9.9 months (5.8 to 
14.0)

b
 

NR NR NR ORR: NR 
CR: 2 (5) 
PR: 2 (5) 
SD: 8 (18) 
PD: 32 (72) 

NR NR NR NR NR NR NR 

Ipilimumab – 
BRAF 

NR 14.5 months (11.1 
to 17.9)

b
 

NR NR CR: 1 (2) 
PR: 4 (9) 
SD: 9 (19) 
PD: 33 (70) 

NR NR NR NR NR NR NR NR 

Ackerman
21

 

BRAF – 
immunotherapy 

(ipilimumab 
subgroup only) 

13.4 months 
(10.1 to 17.0)

d
 

5 months (3 to 
8.8)

e
 

5.6 months 
(4.7 to 6.8)

d
 

2.7 months 
(1.8 to 3.1)  

CR: 9 (4) 
PR: 144 (62) 
SD: 54 (23) 
PD: 26 (11) 

ORR : NR 
CR: 0 (0) 
PR: 0 (0) 
SD: 2 (6) 
PD: 34 (94) 

NR NR NR NR NR NR NR 

Immunotherapy 
(ipilimumab) – 

BRAF 

NR 19.6 months 
(10.0 to undefined 
months)

b
 

NR 6.7 months 
(4.3 to 9.1) 

NR ORR : NR 
CR: 0 (0) 
PR: 17 (53) 
SD: 7 (22) 
PD: 6 (19) 

NR NR NR NR NR NR NR 
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Cohort OS From 1L 
Months 
(95% CI) 

OS 2L Months 
(95% CI) 

PFS on 1L 
Months (95% CI) 

PFS 2L Months 
(95% CI) 

RR 1L (%) RR 2L (%) DOR 1L DOR 
2L 

DCR 
1L 

DCR 
2L 

Grade 3–4 
AEs 

Grade 3-4 
Immune-
related AEs 

QoL 

Schreuer
22

 

BRAF –
ipilimumab 

NR 10 months (0 to 
21 months)

f
 

NR NR ORR: 9 (27) 
CR: 3 (9) 
PR: 6 (18) 
SD: 3 (9) 
PD: 20 (60) 
NE: 1 (3) 

NR NR NR 12 
(36) 

NR NR NR NR 

Ipilimumab – 
BRAF

g
 

12.3 months 
(7.4 to 17.2) 

Not reported Not reported Not reported ORR: 4 (13) 
CR: 0 (0) 
PR: 4 (13) 
SD: 6 (19) 
PD: 21 (68) 

ORR: 7 (47) 
CR: 2 (13) 
PR: 5 (33) 
SD: 8 (53) 

NR NR 10 
(32) 

NR NR NR NR 

Johnson
18

 

BRAF –  
anti-PD-1 

40.3 months 
(NR)

b
 

8.2 months (NR)
e
 7.4 months (NR)  2.8 months (NR) NR BRAF: ORR: 

29% 
BRAF + MEK: 
ORR 23% 

NR NR NR NR NR NR NR 

Anti-PD-1 – BRAF 27.6 months 
(NR)

b
 

14.5 months (NR)
e
 10.6 months (NR)  5 months (NR) ORR: 41% NR NR NR NR NR NR NR NR 

Simeone
23

 

BRAF – 
ipilimumab –

pembrolizumab 

NR NR NR 3 months (2.3 to 
3.7) 

 NR ORR: 12.5% 9 months 
(4 to 12) 

NR NR 18.6% NR NR NR 

Sassolas
19

 

BRAF – 
ipilimumab

h
 

NR 28 months (21 to 
32)

e
 

10 months (NR) NR NR NR NR NR NR NR NR NR NR 

1L = first line; 2L = second line; AE = adverse event; CI = confidence interval; CR = complete response; DCR = disease control rate; DOR = duration of response; NE = not evaluable; NR = not reported ORR = objective response 

rate; OS = overall survival; PD = progressive disease; PFS = progression-free survival; PR = partial response; QoL = quality of life; RR = response rate; SD = stable disease. 

a 
Rapid progression: Patients who progressed after initial treatment with a BRAF inhibitor were defined as rapid progressors if they were unable to complete all 3–4 doses of ipilimumab treatment. 

b 
From the time of initiating first therapy. 

c 
Slow progression: were able to complete all four doses of induction therapy with ipilimumab 3 mg/kg. 

d 
Outcome for the whole population (i.e., not the subgroup of patients who received ipilimumab after BRAF-targeted therapy). 

e 
From the time of initiating second therapy. 

f 
Subgroup of patients receiving BRAF-targeted therapy followed by ipilimumab. 

g 
Includes subgroup of patients who received ipilimumab followed by a BRAF inhibitor and entire ipilimumab first group. 

h 
Outcomes for the subgroup reported (n = 35) who received BRAF-targeted therapy followed by ipilimumab. 
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Question 2: Ipilimumab After Pembrolizumab or Nivolumab 

The key efficacy outcomes, number of grade 3 to grade 4 adverse events, and number of 

grade 3 to grade 4 immune-related adverse events for the three included studies are 

reported in Table 10. The median follow-up after initiating treatment with ipilimumab ranged 

from 6 months (1 to 63) to 12.5 months (4 to 23) in the studies that reported median follow-

up time. 

Overall Survival 

OS was assessed in all three studies. OS was defined in two studies
24,26

 as the time from 

the first dose of ipilimumab to death from any cause, while one study did not define OS. 

Across the studies, the median OS ranged from 7 months (95% CI not reported) to not 

reached. 

Progression-Free Survival 

PFS was only assessed in one study
24

 and was defined as the time from the first dose of 

ipilimumab to the first date of documented progression as per RECIST 1.1, or date of death, 

whichever came first. The median PFS was 3 months (95% CI, 2.8 to 3.8). 

Response Rate 

All three studies reported response rates. The response rates were assessed according to 

RECIST 1.1 in two studies;
24,25

 the other study
26

 did not define how response rates were 

assessed. The ORR was defined as the proportion of patients with PR and CR. The ORR 

ranged from 3.6% to 16% with treatment with ipilimumab. 

Disease Control Rate 

One study
26

 reported the DCR, which was defined as the proportion of patients with CR, 

PR, and SD. The DCR for patients treated with ipilimumab was a 42%. 

Duration of Response 

No studies reported DOR. 

Adverse Events 

No studies reported grade 3 or 4 adverse events, while two studies reported immune-

related adverse events. In one study,
24

 78% of patients experienced one or more immune-

related adverse events. Of those, 70% of patients experienced grade 3 to 4 immune-related 

adverse events. Of those, 30% experienced multiple immune-related adverse events. In 

another study
25

 35% of patients experienced grade 3 to 5 immune-related adverse events, 

including colitis/diarrhea (9%), pneumonitis (3), hepatitis (2%) and encephalitis (2%). 

Quality of Life 

No studies reported quality of life. 

 

  



 
 
 
 
 

 
TECHNOLOGY REVIEW Metastatic Melanoma Gap Analysis 39 

Table 10: Key Efficacy and Safety Outcomes in Studies Identified for Research Question 2 

OS (95% CI) 
Progression-
Free Survival 
(95% CI) 

Response 
Rates (%)  

Duration of 
Response  

Disease 
Control 
Rate (%) 

Grade 3–4 
AEs 

Grade 3–4 
Immune-Related 
AEs (%) 

Quality 
of Life 

Fujisawa
24

 

Median OS 
223 days (NR)

b
 

NR ORR: 2 (3.6%) 
 
PR: 2 (3.6%) 
SD: 7 (12.7%) 
PD: 46 (83.7%) 

NR NR NR 33 (70%) NR 

Zimmer
26

 

21 months 
(NR)

a, c 

 
8 months (CI not 
reported)

a, d
 

3 months 
(2.8 to 3.8 
months) 

ORR: 7 (16%) 
 
PR: 7 (15%) 
SD: 11 (23%) 
PD: 25 (53%) 

NR 42% NR NR NR 

Bowyer
25

 

Not reached NR ORR: 4 (10%) 
 
PR: 4 (10%) 
SD: 3 (8%) 
PD: 33 (82%) 

NR NR NR 14 (35%)
e
 NR 

AE = adverse event; CI = confidence interval; NR = not reported; ORR = objective response rate; OS = overall survival; PD = progressive disease; PR = partial response; 

SD = stable disease. 

a 
From the time of initiating first therapy. 

b 
From the time of initiating second therapy. 

c 
ECOG 0 patients. 

d
 ECOG 1 to ECOG 2 patients. 

e 
Grade 3 to grade 5 immune-related adverse events. 
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Question 3: Nivolumab for First-Line Treatment for Patients With BRAF-Mutated 
Disease 

Efficacy Outcomes 

The efficacy outcomes reported in this report are from the first analysis of three-year OS 

data from the CheckMate 067 trial at the database lock on May 24, 2017, which represents 

a minimum follow-up of 36 months. At this data cut-off, 52% of patients in the nivolumab 

group, 58% of patients in the nivolumab plus ipilimumab group, and 34% of patients in the 

ipilimumab group were alive at three years, respectively.
27

 

Overall Survival 

OS was a co-primary end point in the CheckMate 067 trial, which was defined as the time 

from randomization to the date of death due to any cause in all patients. 

The median OS was not reached in the nivolumab plus ipilimumab group (95% CI, 

38.2 months to not reached). The median OS was 37.6 months (95% CI, 29.1 to NR) in the 

nivolumab group, and the median OS was 19.9 months (95% CI, 16.9 to 24.6) in the 

ipilimumab group. The median OS was not reached in the nivolumab plus ipilimumab group 

(95% CI, 8.2 months to not reached). Treatment with nivolumab was associated with longer 

survival as compared with the ipilimumab group in patients with advanced melanoma 

regardless of BRAF status (hazard ratio [HR]: 0.65; 95% CI, 0.53 to 0.80; P < 0.001). In a 

descriptive analysis, the HR for death with nivolumab plus ipilimumab versus nivolumab 

was 0.85 (95% CI, 0.68 to 1.07) 

A subgroup assessing OS was conducted in carriers and non-carriers of the BRAF 

mutation. The authors reported that the median OS was not reached in the subgroup of 

patients with the BRAF mutation in either of the nivolumab-containing groups. The median 

OS was 24.6 months (95% CI, 17.9 to 31.0) among patients with the BRAF mutation in the 

ipilimumab group. For patients without BRAF mutations, the median OS was 39.1 months 

(95% CI, 27.6 to not reached) in the nivolumab plus ipilimumab group, and 35.8 months 

(95% CI, 25.8 to not reached) in the nivolumab group compared with 18.5 months (95% CI, 

14.1 to 22.7) in the ipilimumab group. 

In the BRAF mutation subgroup, there was a similar trend of prolonged OS with nivolumab 

compared with ipilimumab (HR: 0.63, unstratified; 95% CI not reported) and in the BRAF 

non-carrier group (HR: 0.67, unstratified; 95% CI not reported). There was a similar trend of 

prolonged OS with nivolumab plus ipilimumab compared with ipilimumab (HR: 0.43, 

unstratified; 95% CI not reported) and in the BRAF non-carrier group (HR: 0.62, unstratified; 

95% CI not reported). In a descriptive analysis, the HR for OS for patients with BRAF-

mutated disease was 0.69 (unadjusted; 95% CI not reported) with nivolumab plus 

ipilimumab compared with nivolumab, and the HR for OS for patients with BRAF non-carrier 

melanoma was 0.94 (unadjusted 95% CI not reported). See Figure 2 for the OS among 

patients with or without BRAF mutations. 
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Figure 2: Overall Survival Among Patients With or Without BRAF Mutations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: From Wolchok JD, Chiarion-Sileni V, Gonzalez R, et al., “Overall Survival With Combined Nivolumab and Ipilimumab in 

Advanced Melanoma.” N Engl J Med. 2017;377(14):1345–135. Copyright 2017, Massachusetts Medical Society. Reprinted with 

permission from Massachusetts Medical Society. 

CI = confidence interval. 
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Progression-Free Survival 

The other co-primary end point in CheckMate 067 was PFS. PFS was defined as the time 

from randomization to the date of first documented progression (as determined by the 

investigator), or death due to any cause, whichever occurred first. Patients who died without 

reported progression were considered to have progressed at the date of their death. 

Patients who started any subsequent anti-cancer therapies prior to disease progression 

were censored at the time of their last tumour assessment. 

The median PFS was 6.9 months (95% CI, 5.1 to 9.7) for patients treated with nivolumab, 

11.5 months (95% CI, 8.7 to 19.3) for patients treated with nivolumab plus ipilimumab and 

2.9 months (95% CI, 2.8 to 3.2) for patients treated with ipilimumab. Treatment with 

nivolumab was associated with a prolonged PFS compared with ipilimumab in patients with 

advanced melanoma, regardless of BRAF status (HR: 0.55; 95% CI, 0.45 to 0.66; 

P < 0.001). Treatment with nivolumab plus ipilimumab was also associated with a 

prolonged PFS as compared with ipilimumab in patients with advanced melanoma 

regardless of BRAF status (HR: 0.43; 95% CI, 0.35 to 0.52; P < 0.001). In a descriptive 

analysis, the HR for progression or death was 0.78 (95% CI, 0.64 to 0.96) with nivolumab 

plus ipilimumab versus nivolumab. 

There was a similar trend of prolonged PFS with nivolumab compared with ipilimumab in 

the subgroup of BRAF mutation–positive patients (HR: 0.77, unstratified; 95% CI not 

reported), and in the subgroup of BRAF non-carrier patients (HR: 0.47, unstratified, 95% CI 

not reported). There was a similar trend of prolonged PFS with nivolumab plus ipilimumab 

compared with ipilimumab in the subgroup of BRAF mutated-positive patients (HR: 0.43, 

unstratified; 95% CI not reported) and in the subgroup of BRAF non-carrier patients 

(HR: 0.42; unstratified; 95% CI not reported) In a descriptive analysis, the HR for 

progression for patients with BRAF-mutated disease was 0.59 unadjusted (95% CI), and 

the HR for progression for BRAF non-carrier melanoma patients was 0.89 unadjusted 

(95% CI not reported) with nivolumab plus ipilimumab compared with nivolumab. Of note, at 

an earlier data cut-off date, the HR for PFS for nivolumab compared with ipilimumab in the 

BRAF-mutated subgroup was 0.77 (95% CI, 0.54 to 1.09) and was 0.50 (95% CI, 0.39 to 

0.63) in the BRAF non-carrier subgroup. In the BRAF-mutated subgroup, the CI crossed 1, 

suggesting no difference in treatment effect between nivolumab and ipilimumab. The HR for 

PFS for nivolumab plus ipilimumab compared with ipilimumab in the BRAF-mutated 

subgroup was 0.47 (95% CI, 0.32 to 0.68) and 0.41 (95% CI, 0.32 to 0.53) in the BRAF 

non-carrier group.
28

 

Response Rates 

ORR was the key secondary end point in the CheckMate 067 trial. It was defined as the 

proportion of patients with the best overall response, which is the sum of those with a CR or 

PR.
28

 ORRs were determined by the investigator using RECIST 1.1 and it was classified 

prior to disease progression or subsequent anti-cancer therapy. 

More patients in the nivolumab group demonstrated an ORR compared with those in the 

ipilimumab group (44% [95% CI, 39 to 50] versus 19% [95% CI, 16.9 to 24.6], P < 0.001). 

More patients in the nivolumab plus ipilimumab group demonstrated an ORR compared 

with those in the ipilimumab group (58% [95% CI, 53 to 64]). The trial publication did not 

report the ORR for the BRAF-mutated subgroup. 
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Duration of Response 

DOR was defined as the time from the first documented response of either PR or CR (in 

patients with a confirmed PR or CR) to the date of first documented disease progression, as 

assessed by the investigator per RECIST 1.1, or death due to any cause.
28

 The median 

DOR was not reached in the nivolumab group (36.3 months to not reached) or the 

nivolumab plus ipilimumab group and was 19.3 months (8.3 to not reached) in the 

ipilimumab group. The trial publication did not report the DOR for the BRAF-mutated 

subgroup. 

Adverse Events 

The population evaluable for safety in CheckMate 067 consisted of 937 patients who 

received at least one dose of their assigned therapy (nivolumab arm: 313; nivolumab plus 

ipilimumab arm: 313; ipilimumab arm: 311). At the database cut-off on May 24, 2017, more 

grade 3 to 4 treatment-related adverse events were reported in the nivolumab plus 

ipilimumab group (59%) compared with the ipilimumab group (25%) and compared with the 

nivolumab group (21%).
27

 Table 11 summarizes the immune-related grade 3 to 4 adverse 

events for all patients, regardless of BRAF status. Compared with ipilimumab and 

compared with nivolumab plus ipilimumab, fewer patients in the nivolumab group 

experienced a grade 3 or grade 4 immune-related adverse event. The trial publication did 

not report adverse events or immune-related adverse events specifically for the BRAF-

mutated subgroup. 

Table 11: Immune-Related Grade 3 and Grade 4 Adverse Events in CheckMate 06727 

 

Quality of Life 

Twelve-month quality-of-life (QoL) data from the CheckMate 067 trial are presented. 

QoL was measured using the European Organization for Research and Treatment of 

Cancer Quality of Life Questionnaire-Core 30 (EORTC QLQ-C30) and the EuroQol 

5-Dimensions Questionnaire (EQ-5D). The EORTC QLQ-C30 measures nine multi-item 

scales: five functional scales (physical, role, cognitive, emotional, and social); three 

symptom scales (fatigue, pain, and nausea and vomiting), and a global health and QoL 

scale. A lower score on the EORTC QLQ-C30 over time indicates better performance. In 

addition, the EQ-5D provides a standardized measure of health status for five dimensions 

of health. It also provides an assessment on a visual analogue scale (VAS), which 

measures patients’ health status using a vertical VAS scale that ranges from “best 

imaginable health state” to “worst imaginable health state.” 

 Nivolumab  Ipilimumab  Nivolumab + Ipilimumab  

Cutaneous and subcutaneous (%) 7 (2) 9 (3) 20 (6) 

Gastrointestinal (%) 11 (4) 36 (12) 47 (15) 

Endocrine-related (%) 5 (2) 8 (3) 20 (6) 

Hepatic (%) 9 (3) 5 (2) 62 (20) 

Hypersensitivity / infusion reaction (%) 1 (< 1) 1 (< 1) 0 

Pulmonary (pneumonitis) (%) 1 (< 1) 1 (< 1) 3 (1) 

Renal (%) 1 (< 1) 1 (< 1) 6 (2) 
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The baseline completion rate of the EORTC QLQ-C30 for on-treatment patients at baseline 

plus more than one visit was 85.1% for the nivolumab group, 87.3% for the nivolumab plus 

ipilimumab group, and 82.2% for the ipilimumab group. Overall, no clinically meaningful 

changes were observed in any treatment group while on treatment using a minimally 

important difference (MID) of ≥ 10 points. Similar baseline completion rates were reported 

for the EuroQol 5-Dimensions 3-Levels questionnaire (EQ-5D-3L) (84.5% in the nivolumab 

group 87.3% for nivolumab plus ipilimumab group and 81.9% in the ipilimumab group). 

Likewise, there were no clinically meaningful differences using the EQ-5D instrument (MID 

≥ 0.08) or the EQ-5D VAS instrument (MID ≥ 7 points) while on treatment at any time point 

in all.
39

 In the BRAF-mutated subgroup, a clinically meaningful decline was observed with 

ipilimumab treatment at weeks 11 and 13 in the EQ-5D VAS and a clinically meaningful 

improvement in the BRAF non-carrier subgroup for nivolumab at weeks 31 to 37. No other 

clinically meaningful changes were observed at any other time point.
39

 

Table 12: Key Efficacy Outcomes in CheckMate 06727
 

 Nivolumab 
(n = 316) 

Ipilimumab 
(n = 316) 

Nivolumab 
Plus 
Ipilimumab 
(n = 314) 

Nivolumab 
BRAF 
Mutated 
(n = 98) 

Nivolumab 
BRAF Non- 
Carrier 
(n = 218) 

Ipilimumab 
BRAF 
Mutated 
(n = 100) 

Ipilimumab 
BRAF Non-
Carrier 
(n = 215) 

Nivolumab 
Plus 
Ipilimumab 
BRAF 
Mutated 
(n = 102) 

Nivolumab 
Plus 
Ipilimumab 
BRAF Non-
Carrier 
(n = 212) 

Median 
PFS, 
months 
(95% CI) 

6.9 (5.1 to 
9.7) 

2.9 (2.8 to 
3.2) 

11.5 (8.7 to 
19.3) 

Not 
reported 

Not 
reported 

Not 
reported 

Not 
reported 

Not 
reported 

Not 
reported 

HR (95% 
CI; 
P value) 

0.55 (0.45 
to 0.66), 
P < 0.001 

 0.43 (0.35 
to 0.52) 

0.77
a
 (not 

reported) 
0.47

a
 (not 

reported) 
  0.46

a
 (not 

reported) 
0.42

a
 (not 

reported) 

Median 
OS, 
months 
(95% CI) 

37.6 (29.1 
to NR) 

19.9 (16.9 
to 24.6) 

NR (38.2 to 
NR) 

NR 35.8 (25.8 
to NR) 

24.6 (17.9 
to 31.0) 

18.5 (14.1 
to 22.7) 

NR 39.1 (27.6 
to NR) 

HR 
(95% CI; 
P value) 

0.65 (0.53 
to 0.80; 
P < 0.001) 

 0.55 (0.45 
to 0.69; 
P < 0.001) 

0.63
a
 (not 

reported) 
0.67

a
 (not 

reported) 
  0.43

a
 (not 

reported) 
0.62

a
 (not 

reported) 

ORR, n 140 59 183 Not 
reported 

Not 
reported 

Not 
reported 

Not 
reported 

Not 
reported 

Not 
reported 

ORR, % 
(95% CI) 

44 (39 to 
50) 

19 (15 to 
24) 

58 (53 to 
64) 

Not 
reported 

Not 
reported 

Not 
reported 

Not 
reported 

Not 
reported 

Not 
reported 

Median 
DOR in 
months 
(95% CI)  

NR (36.3 to 
NR) 

19.3 (8.3 to 
NR) 

NR Not 
reported 

Not 
reported 

Not 
reported 

Not 
reported 

Not 
reported 

Not 
reported 

CI = confidence interval; DCR = disease control rate; DOR = duration of response; HR = hazard ratio; NR = not reached; ORR = objective response rate; OS = overall 

survival; PFS = progression-free survival. 
a
 Unstratified. 
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Table 13: Ongoing Studies of Interest to Research Question 1: Sequencing of 
BRAF Therapies and Immunotherapies 

Study Patient Population Intervention Key 

End Points 

Estimated Study 

Completion Date 

Dabrafenib and 

Trametinib Followed 

by Ipilimumab and 

Nivolumab or 

Ipilimumab and 

Nivolumab Followed 

by Dabrafenib and 

Trametinib in Treating 

Patients With 

Stage III-IV 

BRAF V600 

Melanoma, 

NCT02224781
40

 

Stage IV, or unresectable 

stage III, BRAF V600E / 

K mutation–positive 

melanoma patients, 

18 years or older 

Arm A: nivolumab IV over 60 minutes and ipilimumab 

IV over 90 minutes on days 1 and 22. Treatment 

repeats every 6 weeks for 2 courses in the absence 

of disease progression or unacceptable toxicity, 

followed by maintenance nivolumab IV over 60 

minutes on days 1, 15, and 29. Treatment repeats 

every 6 weeks for up to 12 courses in the absence of 

disease progression or unacceptable toxicity. Upon 

disease progression, patients re-register and cross 

over to arm C. 

 

Arm B: dabrafenib p.o. b.i.d. and trametinib p.o. daily 

on days 1 to 42. Courses repeat every 6 weeks in 

the absence of disease progression or unacceptable 

toxicity. Upon disease progression, patients re-

register and cross over to arm D. 

 

Arm C: dabrafenib p.o. b.i.d. and trametinib p.o. daily 

on days 1 to 42. Courses repeat every 6 weeks in 

the absence of disease progression or unacceptable 

toxicity. 

 

Arm D: nivolumab IV over 60 minutes and 

ipilimumab IV over 90 minutes on days 1 and 22. 

Treatment repeats every 6 weeks for 2 courses in 

the absence of disease progression or unacceptable 

toxicity, then maintenance nivolumab IV over 60 

minutes on days 1, 15, and 29. Treatment repeats 

every 6 weeks for up to 12 courses in the absence of 

disease progression or unacceptable toxicity. 

 OS 

 PFS 

 Response 

rates 

 AEs 

October 2022 

BRAF ± MEK 

inhibition following 

pembrolizumab in 

KEYNOTE‐006
41

 

Patients enrolled in 

KEYNOTE-006
42

 who 

received BRAF ± MEK 

therapy as the first 

subsequent therapy 

following pembrolizumab 

Subsequent BRAF ± MEK therapy after 

pembrolizumab 10 mg/kg q.2.w. or 10 mg/kg q.3.w. 
 Duration of 

BRAF ± MEK 

treatment 

 ORR 

 OS  

Unknown
a
 

Matching-adjusted 

indirect comparison of 

nivolumab + 

ipilimumab and 

BRAF + MEK 

inhibitors for the 

treatment of BRAF-

mutant, treatment-

naive advanced 

melanoma
43

 

Treatment-naive patients 

with BRAF-mutant 

advanced melanoma 

from the CheckMate 067 

and 069 trials
28,44

 and 

published summary level 

results from BRAF + 

MEK pivotal trials 

(COMBI-d
45

, COMBI-v
46

, 

and coBRIM
47

)  

Nivolumab plus ipilimumab, BRAF + MEK inhibitors  Indirect 

comparison 

OS 

Unknown
a
 

AE = adverse event; b.i.d. = twice daily; IV = intravenous; ORR = overall response rate; OS = overall survival; PFS = progression-free survival; p.o. = by mouth; 

q.2.w. = once every two weeks; q.3.w. = once every three weeks. 

 a
 Published in abstract form. Journal publication date unknown. 
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Table 14: Ongoing Studies of Interest to Research Question 2 — Ipilimumab After 
Pembrolizumab or Nivolumab 

Study Patient Population Intervention Key End Points Estimated 
Study 
Completion 
Date 

A Randomized, 
Phase 2 Study of 
Ipilimumab Versus 
Ipilimumab Plus 
Nivolumab in Patients 
With Stage III–IV 
Melanoma Who Have 
Progressed or 
Relapsed on PD-1-
Inhibitor Therapy, 
NCT02731729 

48
 

18 years or older, stage IV cutaneous 
melanoma or stage III cutaneous, acral or 
mucosal melanoma, with previous 
treatment with a PD-1 or PD-L1 inhibitor 
(nivolumab, pembrolizumab) with 
documented progression of disease on 
most recent CT scan 

Arm A: ipilimumab and nivolumab 
for patients in the combination 
arm; nivolumab will be 
administered first intravenously, 
at a dose of 1 mg/kg of body 
weight over a period of 60 
minutes, once every 3 weeks for 
4 doses 
 
Thirty minutes after the 
completion of each nivolumab 
infusion, patients received 
3 mg/kg of ipilimumab over a 
period of 30 minutes 

 ORR January 
2021 

  Arm B: In the ipilimumab 
monotherapy group, patients 
received 3 mg/kg of ipilimumab 
over a period of 30 minutes once 
every 3 weeks for four doses 

  

A Real-World Study 
of Ipilimumab 
Treatment After 
Nivolumab Treatment 
in Melanoma in 
Japan, 
NCT03165422

49
 

Adult patients, 18 years or older with 
unresectable/metastatic melanoma, 
treated between August 2015 and March 
2017 before or after nivolumab treatment 

Nivolumab followed by 
ipilimumab 

 Duration of 
nivolumab 
treatment 

 Duration of 
ipilimumab 
treatment 

 ORR 

 OS 

 PFS 

 AEs 

January 
2018 

Outcomes in Patients 
Treated With 
Ipilimumab After 
Pembrolizumab in 
KEYNOTE-006

50
 

Patients enrolled in the KEYNOTE-006
42

 
who received ipilimumab monotherapy 
after progression on pembrolizumab 

Subsequent ipilimumab after 
pembrolizumab 10 mg/kg q.2.w. 
or 10 mg/kg q.3.w.  

 Duration of 
ipilimumab 
treatment 

 ORR 

 OS 

Unknown
a
 

AE = adverse event; b.i.d. = twice daily; CT = computed tomography; ORR = overall response rate; OS = overall survival; PFS = progression-free survival; p.o. = by mouth; 

q.2.w. = once every two weeks; q.3.w. = once every three weeks. 

a
 Published in abstract form. Journal publication date unknown. 
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Table 15: Ongoing Studies of Interest to Research Question 3 — Nivolumab for Untreated 
Patients With BRAF Mutation Status 

Study Patient Population Intervention Key End Points Estimated Study Completion Date 

No ongoing studies identified.     

Conclusions and Implications for Decision- or Policy-Making 

Question 1: Sequencing of BRAF Therapies and Immunotherapies 

Seven non-randomized retrospective cohort studies were identified regarding sequencing of 

BRAF-targeted therapies and immunotherapies for the treatment of patients with previously 

untreated BRAF-mutated metastatic melanoma. The results suggest that BRAF-targeted 

therapies can be an option for patients previously treated with immunotherapy. As well, the 

results suggest that immunotherapy can be an option for patients previously treated with 

BRAF-targeted therapies. Overall, based on an indirect comparison of retrospective studies 

with different populations and potential confounders, it appears that patients treated with 

BRAF-targeted therapies after treatment with immunotherapy may have longer PFS, OS, 

and a higher ORR compared with patients treated with immunotherapy after BRAF-targeted 

therapies. However, due to the non-comparative, retrospective evidence identified, the 

optimal sequencing of BRAF-targeted therapies and immunotherapies is unclear. We were 

unable to assess the DOR, grade 3 or grade 4 adverse events, immune-related adverse 

events, and quality of life in either patients treated with BRAF-targeted therapies after 

treatment with immunotherapy or in patients treated with immunotherapy after BRAF-

targeted therapies. 

One ongoing randomized phase II study is underway that evaluates dabrafenib and 

trametinib followed by ipilimumab and nivolumab and/or ipilimumab and nivolumab followed 

by dabrafenib and trametinib in patients with stage III to stage IV BRAF V600 melanoma.
40

 

This study may inform the optimal sequencing of combination BRAF-targeted therapies with 

single or combination immunotherapy. The estimated study completion date is October 2022. 

In the meantime, prospective collection of real-world data and sharing of outcomes among 

jurisdictions may be of value for decision-making regarding the sequencing of BRAF-

targeted therapies and immunotherapies. 

Question 2: Ipilimumab After Pembrolizumab or Nivolumab 

Three non-randomized retrospective cohort studies were identified regarding the clinical 

efficacy and safety of treatment with ipilimumab monotherapy after progression on 

pembrolizumab or nivolumab in metastatic melanoma patients, regardless of BRAF status. 

The results suggest that ipilimumab may have some response after progression on 

pembrolizumab or nivolumab. Immune-related adverse events were reported in up to 70% of 

patients receiving ipilimumab after progression on treatment with pembrolizumab or 

nivolumab. However, due to the non-comparative, retrospective evidence identified, it is 

unknown how treatment with ipilimumab compares with no treatment or with other treatment 

options after progression on nivolumab or pembrolizumab with regard to OS, PFS, ORR, 

adverse events, and QoL. We were unable to assess DOR, QoL or grade 3 or grade 4 

adverse events in patients receiving ipilimumab after progression on nivolumab or 

pembrolizumab due to the lack of data in the literature. All studies identified were non-

randomized, retrospective in nature, and may be confounded, making attributing efficacy of 

ipilimumab difficult. Thus, these findings should be interpreted with caution. 
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There is one ongoing phase II trial that assesses ipilimumab compared with ipilimumab plus 

nivolumab in melanoma patients who have progressed or relapsed on a PD-1 inhibitor.
48

 

The trial is expected to be completed in January 2021. This study may inform the use of 

ipilimumab after progression on nivolumab or pembrolizumab. In the meantime, in the 

absence of an RCT, the prospective collection of real-world data, as well as data from 

expanded-access programs and the sharing of outcomes among jurisdictions, may be of 

value for decision-making. It should also be noted that the availability of the combination of 

nivolumab plus ipilimumab in the first-line setting has implications on the use and cost of 

subsequent ipilimumab for patients treated with single-agent nivolumab or pembrolizumab. 

Question 3: Nivolumab Monotherapy for Previously Untreated Patients 
With BRAF-Mutated Disease 

One high-quality RCT was identified regarding the clinical efficacy and safety of nivolumab 

monotherapy as a first-line option for patients with BRAF-mutated metastatic melanoma. 

The study included patients with metastatic melanoma regardless of BRAF status. The trial 

included approximately 30% of patients with BRAF-mutated disease. While patients were 

stratified by BRAF mutation status at randomization, the required sample size for the trial 

was based on determining the treatment effect for the entire study population (i.e., metastatic 

melanoma regardless of BRAF status). Therefore, the subgroup analysis of patients with 

BRAF mutation–positive disease may not have been adequately powered to detect a 

difference in effect. Any conclusions drawn on the treatment effect should be drawn from the 

entire study population. Furthermore, the study was designed to assess only the effect of 

nivolumab versus ipilimumab or nivolumab plus ipilimumab versus ipilimumab on PFS and 

OS. Thus, comparisons between nivolumab and nivolumab plus ipilimumab are only 

descriptive and should be interpreted with caution. The results suggest that compared with 

ipilimumab, nivolumab has a longer OS, PFS, and a higher ORR for patients with metastatic 

melanoma, regardless of BRAF status. DOR was not reached in the nivolumab group. 

Compared with ipilimumab, nivolumab was associated with fewer grade 3 and grade 4 

adverse events, and fewer immune-related adverse events. Furthermore, there were no 

clinically meaningful differences in quality of life for patients treated with nivolumab 

compared with ipilimumab. In particular, there was limited evidence identified in the BRAF-

mutated subgroup of patients with regard to key outcomes, including: OS, PFS, ORR, DOR, 

DCR, grade 3 and grade 4 adverse events, immune-related adverse events, and quality of 

life. Given the limitations identified, there is sufficient uncertainty in the subgroup results of 

the BRAF-mutated subgroup that we were unable to draw firm conclusions on the difference 

in the treatment effect of nivolumab based on BRAF mutation status. However, in the full 

trial population of patients with untreated metastatic melanoma, regardless of BRAF status, 

the results from the CheckMate 067 trial suggest benefit with nivolumab monotherapy. 

The present evidence suggests that nivolumab can be a treatment option for patients, 

regardless of BRAF status. While pembrolizumab and BRAF-targeted therapies are 

currently available for patients with BRAF-mutated disease in the Canadian setting, 

nivolumab is not. Given that there are already treatment options in this setting, the possible 

uptake of nivolumab in patients with BRAF-mutated disease is unclear. The choice of 

treatment for patients with BRAF-mutated disease may depend on treatment availability, 

patient values and preferences, clinical factors such as tolerability to adverse events, and 

the relative overall costs.   
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Appendix 1: Further Information 

1. Adapted PRISMA Flow Diagram 

 

   
Citations identified from electronic literature search 

(with duplicates removed): n = 3,213 

Potentially relevant reports from 
other sources (e.g., ASCO, 
ESMO, grey literature): 

Conference abstracts: n = 520 

Alerts: n = 264 

Clinical trials.gov: n = 392 

Total potentially relevant reports identified 
and screened for full text: n = 360 

Title and abstracts excluded: n = 2,853 

13 reports included in the review: 
Question 1: n = 7 (7 unique studies) 
Question 2: n = 3 (3 unique studies) 
Question 3: n = 3 (1 unique clinical trial) 

+ 9 abstracts  

  

Full-text articles excluded: 
n = 338 

Irrelevant population: n = 17 
Irrelevant intervention: n = 234 
Irrelevant comparator: n = 2 
Irrelevant outcome: n = 12 
Wrong study design: n = 22 
Duplicates: n = 1 
Pooled results: n = 45 
Planned sequential treatment 
(i.e., no progression): n = 5 
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Table 16: Appraisal of Studies Included for Research Question 1 

Question Ascierto
20

 Ascierto
17

  Ackerman
21

  Schreuer
22

  Johnson
18

  Simeone
23

  Sassolas
19

  

Reporting 

Is the 
hypothesis/aim/objective of 
the study clearly 
described? 

Yes Yes Yes Yes Yes Yes Yes 

Are the main outcomes to 
be measured clearly 
described in the 
introduction or methods 
section? 

No  No No Yes Yes No.  Yes 

Are the characteristics of 
the patients included in the 
study clearly described? 

Yes Yes Yes No.  No Yes Yes 

Are the interventions of 
interest clearly described? 

Yes No  Yes No No.  Yes No 

Are the distributions of 
principal confounders in 
each group of patients to 
be compared clearly 
described? 

Yes Yes Yes Yes Yes Yes Yes 

Are the main findings of the 
study clearly described? 

Yes Yes Yes Yes Yes Yes Yes 

Does the study provide 
estimates of the random 
variability in the data for 
the main outcomes? 

Yes Yes Yes Yes No Yes Yes 

Have all important adverse 
events that may be a 
consequence of the 
intervention been 
reported? 

No No No No No No No 

Have the characteristics of 
patients lost to follow-up 
been described? 

No No No No No No No 
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Question Ascierto
20

 Ascierto
17

  Ackerman
21

  Schreuer
22

  Johnson
18

  Simeone
23

  Sassolas
19

  

Have actual probability 
values been reported (e.g., 
0.035 rather than < 0.05) 
for the main outcomes, 
except where the 
probability value is 
< 0.001? 

No Yes Yes Yes Yes Yes Yes 

External Validity 

Were the subjects asked to 
participate in the study 
representative of the entire 
population from which they 
were recruited?  

No No No No No No Yes 

Were those subjects who 
were prepared to 
participate representative 
of the entire population 
from which they were 
recruited? 

No  Unable to determine Unable to determine No Unable to determine  Unable to 
determine 

Yes 

Were the staff, places, and 
facilities where the patients 
were treated representative 
of the treatment the 
majority of patients 
receive? 

No Unable to determine No No  Unable to determine No Unable to determine 

Internal Validity — Bias 

If any of the results of the 
study were based on “data 
dredging,” was this made 
clear? 

No Yes Yes Yes Yes Yes Yes 
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Question Ascierto
20

 Ascierto
17

  Ackerman
21

  Schreuer
22

  Johnson
18

  Simeone
23

  Sassolas
19

  

In trials and cohort studies, 
do the analyses adjust for 
different lengths of follow-
up of patients; or, in case-
control studies, is the time 
period between the 
intervention and outcome 
the same for cases and 
controls? 

Unable to 
determine 

Unable to determine Unable to determine Unable to determine Unable to determine Unable to 
determine  

No 

Were the statistical tests 
used to assess the main 
outcomes appropriate? 

Yes Yes Yes Yes Yes Yes Yes 

Was compliance with the 
intervention(s) reliable? 

Unable to 
determine 

Unable to determine Unable to determine Unable to determine Unable to determine Unable to 
determine 

Unable to determine 

Were the main outcome 
measures used accurate 
(valid and reliable)? 

Unable to 
determine 

Yes Unable to determine  Yes Yes Yes Yes 

Internal Validity — Confounding (Selection Bias) 

Were the patients in 
different intervention 
groups (trials and cohort 
studies), or were the cases 
and controls (case-control 
studies) recruited from the 
same population? 

Yes Yes Yes Yes Yes Yes Yes 

Were study subjects in 
different intervention 
groups (trials and cohort 
studies), or were the cases 
and controls (case-control 
studies) recruited over the 
same period of time? 

Unable to 
determine 

Yes Yes Yes Unable to determine Unable to 
determine 

Yes 
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Question Ascierto
20

 Ascierto
17

  Ackerman
21

  Schreuer
22

  Johnson
18

  Simeone
23

  Sassolas
19

  

Was there adequate 
adjustment for confounding 
in the analyses from which 
the main findings were 
drawn? 

No No No No No No No 

Were losses of patients to 
follow-up taken into 
account? 

Unable to 
determine 

Unable to determine Unable to determine Unable to determine Unable to determine Unable to 
determine 

Unable to determine  

Conclusion The optimal 
sequencing 
for patients 
with 
metastatic 
melanoma 
has not yet 
been fully 
determined. 

Some patients with 
advanced melanoma 
who are 
BRAF mutation–
positive may benefit 
from ipilimumab as the 
first part of their 
sequential treatment 
schedule. Confirmation 
of these findings in a 
randomized, 
prospective study is 
required. 

BRAF inhibitors are as 
effective after 
immunotherapy as 
they are prior to 
immunotherapy and 
should be considered 
for first-line treatment 
if a patient with BRAF-
mutated metastatic 
melanoma is a 
candidate for 
immunotherapy.  

Immunotherapy can 
still be effective after 
progression has 
occurred upon 
treatment with BRAF 
inhibitor. An optimal 
sequence for BRAF 
inhibitors and 
ipilimumab treatment 
has not yet been 
established. 

BRAF-targeted 
or anti-PD-1–directed 
therapy can result in 
clinical activity for 
patients with 
BRAF V600–mutated 
melanoma, either as 
first-line treatment or 
in previously treated 
patients. 

Targeted therapy 
may negatively 
affect the response 
to subsequent 
treatment with 
pembrolizumab and 
other 
immunotherapies. 

The introduction of 
immunotherapy in second 
line and beyond is also a 
major change in the 
treatment pathway. 
These evolutions seem 
responsible for a gain of 
4 months in OS for all the 
unresectable stage III/IV 
patients. 

OS = overall survival. 
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Table 17: Appraisal of Studies Included for Research Question 2 

Question Kujisawa
24

  Zimmer
26

 Bowyer
25

 

Reporting 

Is the hypothesis/aim/objective of the study 
clearly described? 

Yes Yes Yes 

Are the main outcomes to be measured clearly 
described in the introduction or methods 
section? 

Yes Yes Yes 

Are the characteristics of the patients included 
in the study clearly described? 

Yes Yes Yes 

Are the interventions of interest clearly 
described? 

Yes Yes Yes 

Are the distributions of principal confounders in 
each group of patients to be compared clearly 
described? 

Yes Yes Yes 

Are the main findings of the study clearly 
described? 

Yes 
 

Yes Yes 

Does the study provide estimates of the random 
variability in the data for the main outcomes? 

Yes Yes Yes 

Have all important AEs that may be a 
consequence of the intervention been reported? 

Yes No Yes 

Have the characteristics of patients lost to 
follow-up been described? 

No No No 

Have actual probability values been reported 
(e.g., 0.035 rather than < 0.05) for the main 
outcomes, except where the probability value is 
< 0.001? 

Yes Yes No 

External Validity 

Were the subjects asked to participate in the 
study representative of the entire population 
from which they were recruited?  

Yes No No 

Were those subjects who were prepared to 
participate representative of the entire 
population from which they were recruited? 

Unable to determine Unable to determine Unable to determine 

Were the staff, places, and facilities where the 
patients were treated representative of the 
treatment the majority of patients receive? 

Unable to determine Unable to determine Unable to determine 

Internal Validity - Bias 

If any of the results of the study were based on 
“data dredging,” was this made clear? 

Yes Yes Yes 

In trials and cohort studies, do the analyses 
adjust for different lengths of follow-up of 
patients, or in case-control studies, is the time 
period between the intervention and outcome 
the same for cases and controls? 

Unable to determine Unable to determine Unable to determine 

Were the statistical tests used to assess the 
main outcomes appropriate? 

Yes Yes Yes 
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24

  Zimmer
26

 Bowyer
25

 

Was compliance with the intervention(s) 
reliable? 

Unable to determine Unable to determine Unable to determine 

Were the main outcome measures used 
accurate (valid and reliable)? 

Yes Yes Yes 

Internal Validity — Confounding (Selection Bias) 

Were the patients in different intervention 
groups (trials and cohort studies) or were the 
cases and controls (case-control studies) 
recruited from the same population? 

Yes Yes No 

Were study subjects in different intervention 
groups (trials and cohort studies) or were the 
cases and controls (case-control studies) 
recruited over the same period of time? 

Yes Yes Yes 

Was there adequate adjustment for 
confounding in the analyses from which the 
main findings were drawn? 

No No No 

Were losses of patients to follow-up taken into 
account? 

Unable to determine Unable to determine Unable to determine 

Conclusion The response ratio to 
ipilimumab after nivolumab 
was unsatisfactory and 
associated with a high 
frequency of severe 
immune-related AEs. As 
there are few second-line 
treatment options for 
patients with BRAF non-
carrier advanced 
melanoma after nivolumab 
failure, patients should be 
closely monitored if 
ipilimumab is initiated. 

Ipilimumab should be 
considered as a 
viable treatment 
option for patients 
with failure to prior 
anti-PD-1 therapy, 
including those with 
progressive disease 
as best response to 
prior anti-PD-1. 

Response rates alone 
are insufficient to make 
conclusions on the 
efficacy of ipilimumab 
after failure of anti-PD-1 
therapy and further 
prospective studies are 
required. However, 
responses to ipilimumab 
can be seen even after 
failure of anti-PD-1 
therapy, making it a 
viable treatment option. 

AE = adverse event. 
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Appendix 2: Literature Search Strategy 
 

OVERVIEW 

Interface: Ovid 

Databases: Embase 1974 to 2018 February 22 

Ovid MEDLINE(R) ALL 1946 to February 22, 2018 

Note: Subject headings have been customized for each database. Duplicates between databases were 
removed in Ovid. 

Date of Search: February 23, 2018 - Randomized controlled trials, non-randomized studies 
March 9, 2018 – health technology assessments, systematic reviews, meta-analyses 
 

Alerts: Monthly search updates until project completion 

Study Types: health technology assessments, systematic reviews, meta-analyses, Randomized controlled trials, non-
randomized studies 

Limits: English 

Humans 

SYNTAX GUIDE 

/ At the end of a phrase, searches the phrase as a subject heading 

MeSH Medical Subject Heading 

exp Explode a subject heading 

* Before a word, indicates that the marked subject heading is a primary topic; 

or, after a word, a truncation symbol (wildcard) to retrieve plurals or varying endings 

adj# Adjacency within # number of words (in any order) 

.ti Title 

.ab Abstract 

.kf Author keyword heading word (MEDLINE) 

.kw 

.dq 

Keyword heading (MEDLINE) 

Candidate term (Embase) 

.kw Author keyword (Embase) 

medall Ovid database code; MEDLINE ALL 

oemezd Ovid database cose; Embase 1974 to present  

  

 

Multi-Database Strategy 

# Searches 

1 
(Opdivo* or nivolumab* or MDX 1106 or MDX1106 or BMS936558 or BMS 936558 or ONO4538 or ONO 4538 or 

31YO63LBSN).ti,ab,ot,kf,hw,rn,nm.     

2 

Ipilimumab/ or (Yervoy* or ipilimumab* or strentarga* or Winglore* or MDX-CTLA 4 or MDX-CTLA4 or MDXCTLA-4 or 

MDXCTLA4 or MDX-010 or MDX010 or MDX101 or MDX 101 or BMS734016 or BMS 734016 or 

6T8C155666).ti,ab,ot,kf,hw,rn,nm.  
   

3 (dabrafenib or Tafinlar* or GSK 2118436* or GSK2118436* or QGP4HA4G1B).ti,ab,ot,kf,hw,rn,nm.  
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4 
(trametinib or Mekinist* or GSK 1120212* or GSK1120212* or JTP 74057 or JTP74057 or 

33E86K87QN).ti,ab,ot,kf,hw,rn,nm.     

5 
(pembrolizumab* or lambrolizumab* or Keytruda* or MK-3475 or MK3475 or Merck3475 or Merck-3475 or Sch-900475 

or Sch900475 or DPT0O3T46P).ti,ab,ot,kf,hw,rn,nm.     

6 
(Cotellic* or cobimetinib* or GDC-0973 or GDC0973 or RG 7420 or RG7420 or XL 518 or XL518 or 

ER29L26N1X).ti,ab,ot,kf,hw,rn,nm.     

7 
(Zelboraf* or vemurafenib* or HSDB 8143 or HSD8143 or PLX 4032 or PLX4023 or RG 7204 or RG7024 or R7204 or R 

7204 or RO 51 85426 or RO 5185426 or 207SMY3FQT).ti,ab,ot,kf,hw,rn,nm.     

8 or/1-7  
   

9 
exp Melanoma/ or (melanoma* or melanotic or melanocarcinoma* or melanomalignoma* or naevocarcinoma* or 

nevocarcinoma* or pigmentary cancer* or skin cancer*).ti,ab,kf.     

10 8 and 9  
   

11 10 use medall  
   

12 
*Nivolumab/ or (Opdivo* or nivolumab* or MDX 1106 or MDX1106 or BMS936558 or BMS 936558 or ONO4538 or ONO 

4538).ti,ab,kw.     

13 
*Ipilimumab/ or (Yervoy* or ipilimumab* or strentarga* or Winglore* or MDX-CTLA 4 or MDX-CTLA4 or MDXCTLA-4 or 

MDXCTLA4 or MDX-010 or MDX010 or MDX101 or MDX 101 or BMS734016 or BMS 734016).ti,ab,kw.     

14 *dabrafenib/ or (dabrafenib or Tafinlar* or GSK 2118436* or GSK2118436).ti,ab,kw.  
   

15 *tametinib/ or (trametinib or Mekinist* or GSK 1120212* or GSK1120212* or JTP 74057 or JTP74057).ti,ab,kw.  
   

16 
*pembrolizumab/ or (pembrolizumab* or lambrolizumab* or keytruda* or MK-3475 or MK3475 or Merck3475 or Merck-

3475 or Sch-900475 or Sch900475).ti,ab,kw.     

17 *Cotellic/ or (Cotellic* or cobimetinib* or GDC-0973 or GDC0973 or RG 7420 or RG7420 or XL 518 or XL518).ti,ab,kw.  
   

18 
*Vemurafenib/ or (Zelboraf* or vemurafenib* or HSDB 8143 or HSD8143 or PLX 4032 or PLX4023 or RG 7204 or 

RG7024 or R7204 or R 7204 or RO 51 85426 or RO 5185426).ti,ab,kw.     

19 or/12-18  
   

20 
exp melanoma/ or (melanoma* or melanotic or melanocarcinoma* or melanomalignoma* or naevocarcinoma* or 

nevocarcinoma* or pigmentary cancer* or skin cancer*).ti,ab,kw,dq.     

21 19 and 20  
   

22 21 use oemezd  
   

23 11 or 22  
   

24 limit 23 to english language  
   

25 
(Randomized Controlled Trial or Controlled Clinical Trial or Pragmatic Clinical Trial or Clinical Study or Adaptive Clinical 

Trial or Equivalence Trial).pt.     

26 (Clinical Trial or Clinical Trial, Phase I or Clinical Trial, Phase II or Clinical Trial, Phase III or Clinical Trial, Phase IV).pt.  
   

27 Multicenter Study.pt.  
   

28 Clinical Studies as Topic/  
   

29 exp Clinical Trial/ or exp Clinical Trials as Topic/ or exp "Clinical Trial (topic)"/  
   

30 Multicenter Study/ or Multicenter Studies as Topic/ or "Multicenter Study (topic)"/  
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31 Randomization/  
   

32 Random Allocation/  
   

33 Double-Blind Method/  
   

34 Double Blind Procedure/  
   

35 Double-Blind Studies/  
   

36 Single-Blind Method/  
   

37 Single Blind Procedure/  
   

38 Single-Blind Studies/  
   

39 Placebos/  
   

40 Placebo/  
   

41 Control Groups/  
   

42 Control Group/  
   

43 Cross-Over Studies/ or Crossover Procedure/  
   

44 (random* or sham or placebo*).ti,ab,hw,kf,kw.  
   

45 ((singl* or doubl*) adj (blind* or dumm* or mask*)).ti,ab,hw,kf,kw.  
   

46 ((tripl* or trebl*) adj (blind* or dumm* or mask*)).ti,ab,hw,kf,kw.  
   

47 (control* adj3 (study or studies or trial* or group*)).ti,ab,hw,kf,kw.  
   

48 (clinical adj3 (study or studies or trial*)).ti,ab,hw,kf,kw.  
   

49 (Nonrandom* or non random* or non-random* or quasi-random* or quasirandom*).ti,ab,hw,kf,kw.  
   

50 (phase adj3 (study or studies or trial*)).ti,ab,hw,kf,kw.  
   

51 ((crossover or cross-over) adj3 (study or studies or trial*)).ti,ab,hw,kf,kw.  
   

52 ((multicent* or multi-cent*) adj3 (study or studies or trial*)).ti,ab,hw,kf,kw.  
   

53 allocated.ti,ab,hw.  
   

54 ((open label or open-label) adj5 (study or studies or trial*)).ti,ab,hw,kf,kw.  
   

55 ((equivalence or superiority or non-inferiority or noninferiority) adj3 (study or studies or trial*)).ti,ab,hw,kf,kw.  
   

56 (pragmatic study or pragmatic studies).ti,ab,hw,kf,kw.  
   

57 ((pragmatic or practical) adj3 trial*).ti,ab,hw,kf,kw.  
   

58 ((quasiexperimental or quasi-experimental) adj3 (study or studies or trial*)).ti,ab,hw,kf,kw.  
   

59 trial.ti,kf,kw.  
   

60 or/25-59  
   

61 epidemiologic methods.sh.  
   

62 epidemiologic studies.sh.  
   

63 observational study/  
   

64 observational studies as topic/  
   

65 clinical studies as topic/  
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66 controlled before-after studies/  
   

67 historically controlled study/  
   

68 interrupted time series analysis/  
   

69 exp seroepidemiologic studies/  
   

70 national longitudinal study of adolescent health/  
   

71 cohort studies/  
   

72 cohort analysis/  
   

73 longitudinal studies/  
   

74 longitudinal study/  
   

75 prospective studies/  
   

76 prospective study/  
   

77 follow-up studies/  
   

78 follow up/  
   

79 followup studies/  
   

80 retrospective studies/  
   

81 retrospective study/  
   

82 case-control studies/  
   

83 exp case control study/  
   

84 observational study/  
   

85 quasi experimental methods/  
   

86 quasi experimental study/  
   

87 (observational study or validation studies or clinical study).pt.  
   

88 (observational adj3 (study or studies or design or analysis or analyses)).ti,ab,kf,kw.  
   

89 cohort*.ti,ab,kf,kw.  
   

90 (prospective adj7 (study or studies or design or analysis or analyses)).ti,ab,kf,kw.  
   

91 ((follow up or followup) adj7 (study or studies or design or analysis or analyses)).ti,ab,kf,kw.  
   

92 ((longitudinal or longterm or (long adj term)) adj7 (study or studies or design or analysis or analyses or data)).ti,ab,kf,kw.  
   

93 (retrospective adj7 (study or studies or design or analysis or analyses or data or review)).ti,ab,kf,kw.  
   

94 ((case adj control) or (case adj comparison) or (case adj controlled)).ti,ab,kf,kw.  
   

95 (case-referent adj3 (study or studies or design or analysis or analyses)).ti,ab,kf,kw.  
   

96 (population adj3 (study or studies or analysis or analyses)).ti,ab,kf,kw.  
   

97 (descriptive adj3 (study or studies or design or analysis or analyses)).ti,ab,kf,kw.  
   

98 ((multidimensional or (multi adj dimensional)) adj3 (study or studies or design or analysis or analyses)).ti,ab,kf,kw.  
   

99 ((natural adj experiment) or (natural adj experiments)).ti,ab,kf,kw.  
   

100 (quasi adj (experiment or experiments or experimental)).ti,ab,kf,kw.  
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101 
((non experiment or nonexperiment or non experimental or nonexperimental) adj3 (study or studies or design or analysis 

or analyses)).ti,ab,kf,kw.     

102 (prevalence adj3 (study or studies or analysis or analyses)).ti,ab,kf,kw.  
   

103 or/61-102  
   

104 60 or 103  
   

105 24 and 104  
   

106 105 not conference abstract.pt.  
   

107 exp animals/  
   

108 exp animal experimentation/ or exp animal experiment/  
   

109 exp models animal/  
   

110 nonhuman/  
   

111 exp vertebrate/ or exp vertebrates/  
   

112 or/107-111  
   

113 exp humans/  
   

114 exp human experimentation/ or exp human experiment/  
   

115 or/113-114  
   

116 112 not 115  
   

117 106 not 116  
   

118 remove duplicates from 117 - RCT and nonrandomized studies results 
   

119 
(Opdivo* or nivolumab* or MDX 1106 or MDX1106 or BMS936558 or BMS 936558 or ONO4538 or ONO 4538 or 

31YO63LBSN).ti,ab,ot,kf,hw,rn,nm.     

120 

Ipilimumab/ or (Yervoy* or ipilimumab* or strentarga* or Winglore* or MDX-CTLA 4 or MDX-CTLA4 or MDXCTLA-4 or 

MDXCTLA4 or MDX-010 or MDX010 or MDX101 or MDX 101 or BMS734016 or BMS 734016 or 

6T8C155666).ti,ab,ot,kf,hw,rn,nm.  
   

121 (dabrafenib or Tafinlar* or GSK 2118436* or GSK2118436* or QGP4HA4G1B).ti,ab,ot,kf,hw,rn,nm.  
   

122 
(trametinib or Mekinist* or GSK 1120212* or GSK1120212* or JTP 74057 or JTP74057 or 

33E86K87QN).ti,ab,ot,kf,hw,rn,nm.     

123 
(pembrolizumab* or lambrolizumab* or Keytruda* or MK-3475 or MK3475 or Merck3475 or Merck-3475 or Sch-900475 

or Sch900475 or DPT0O3T46P).ti,ab,ot,kf,hw,rn,nm.     

124 
(Cotellic* or cobimetinib* or GDC-0973 or GDC0973 or RG 7420 or RG7420 or XL 518 or XL518 or 

ER29L26N1X).ti,ab,ot,kf,hw,rn,nm.     

125 
(Zelboraf* or vemurafenib* or HSDB 8143 or HSD8143 or PLX 4032 or PLX4023 or RG 7204 or RG7024 or R7204 or R 

7204 or RO 51 85426 or RO 5185426 or 207SMY3FQT).ti,ab,ot,kf,hw,rn,nm.     

126 or/119-125  
   

127 
exp Melanoma/ or (melanoma* or melanotic or melanocarcinoma* or melanomalignoma* or naevocarcinoma* or 

nevocarcinoma* or pigmentary cancer* or skin cancer*).ti,ab,kf.     

128 126 and 127  
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129 128 use medall  
   

130 
*Nivolumab/ or (Opdivo* or nivolumab* or MDX 1106 or MDX1106 or BMS936558 or BMS 936558 or ONO4538 or ONO 

4538).ti,ab,kw.     

131 
*Ipilimumab/ or (Yervoy* or ipilimumab* or strentarga* or Winglore* or MDX-CTLA 4 or MDX-CTLA4 or MDXCTLA-4 or 

MDXCTLA4 or MDX-010 or MDX010 or MDX101 or MDX 101 or BMS734016 or BMS 734016).ti,ab,kw.     

132 *dabrafenib/ or (dabrafenib or Tafinlar* or GSK 2118436* or GSK2118436).ti,ab,kw.  
   

133 *tametinib/ or (trametinib or Mekinist* or GSK 1120212* or GSK1120212* or JTP 74057 or JTP74057).ti,ab,kw.  
   

134 
*pembrolizumab/ or (pembrolizumab* or lambrolizumab* or keytruda* or MK-3475 or MK3475 or Merck3475 or Merck-

3475 or Sch-900475 or Sch900475).ti,ab,kw.     

135 *Cotellic/ or (Cotellic* or cobimetinib* or GDC-0973 or GDC0973 or RG 7420 or RG7420 or XL 518 or XL518).ti,ab,kw.  
   

136 
*Vemurafenib/ or (Zelboraf* or vemurafenib* or HSDB 8143 or HSD8143 or PLX 4032 or PLX4023 or RG 7204 or 

RG7024 or R7204 or R 7204 or RO 51 85426 or RO 5185426).ti,ab,kw.     

137 or/130-136  
   

138 
exp melanoma/ or (melanoma* or melanotic or melanocarcinoma* or melanomalignoma* or naevocarcinoma* or 

nevocarcinoma* or pigmentary cancer* or skin cancer*).ti,ab,kw,dq.     

139 137 and 138  
   

140 139 use oemezd  
   

141 129 or 140  
   

142 limit 141 to english language  
   

143 CTLA-4 Antigen/ai  
   

144 Programmed Cell Death 1 Receptor/ai  
   

145 Proto-Oncogene Proteins B-raf/ai  
   

146 (BRAF or B-raf).ti,ab,kf.  
   

147 
(PD-1 antibod* or antiprogrammed cell death or anti-programmed cell death or anti PD-1 or monoclonal antibody or 

immunotherap*).ti,ab,kf.     

148 (CTLA-4 antibod* or CTLA4 antibod* or monoclonal antibod* or CD152 antibod*).ti,ab,kf.  
   

149 or/143-148  
   

150 149 and 127  
   

151 150 use medall  
   

152 B Raf kinase/  
   

153 PD 1 antibody/  
   

154 programmed death 1 receptor antibody/  
   

155 cytotoxic T lymphocyte antigen 4 antibody/  
   

156 (BRAF or B-raf).ti,ab,kw,dq.  
   

157 
(PD-1 antibod* or antiprogrammed cell death or anti-programmed cell death or anti PD-1 or monoclonal antibody or 

immunotherap*).ti,ab,kw,dq.     

158 (CTLA-4 antibod* or CTLA4 antibod* or monoclonal antibod* or CD152 antibod*).ti,ab,kw,dq.  
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159 or/152-158  
   

160 138 and 159  
   

161 160 use oemezd  
   

162 151 or 161  
   

163 limit 162 to english language  
   

164 meta-analysis.pt.  
   

165 
meta-analysis/ or systematic review/ or meta-analysis as topic/ or "meta analysis (topic)"/ or "systematic review (topic)"/ 

or exp technology assessment, biomedical/ or network meta-analysis/     

166 ((systematic* adj3 (review* or overview*)) or (methodologic* adj3 (review* or overview*))).ti,ab,kf,kw.  
   

167 ((quantitative adj3 (review* or overview* or synthes*)) or (research adj3 (integrati* or overview*))).ti,ab,kf,kw.  
   

168 ((integrative adj3 (review* or overview*)) or (collaborative adj3 (review* or overview*)) or (pool* adj3 analy*)).ti,ab,kf,kw.  
   

169 (data synthes* or data extraction* or data abstraction*).ti,ab,kf,kw.  
   

170 (handsearch* or hand search*).ti,ab,kf,kw.  
   

171 (mantel haenszel or peto or der simonian or dersimonian or fixed effect* or latin square*).ti,ab,kf,kw.  
   

172 
(met analy* or metanaly* or technology assessment* or HTA or HTAs or technology overview* or technology 

appraisal*).ti,ab,kf,kw.     

173 (meta regression* or metaregression*).ti,ab,kf,kw.  
   

174 
(meta-analy* or metaanaly* or systematic review* or biomedical technology assessment* or bio-medical technology 

assessment*).mp,hw.     

175 (medline or cochrane or pubmed or medlars or embase or cinahl).ti,ab,hw.  
   

176 (cochrane or (health adj2 technology assessment) or evidence report).jw.  
   

177 (comparative adj3 (efficacy or effectiveness)).ti,ab,kf,kw.  
   

178 (outcomes research or relative effectiveness).ti,ab,kf,kw.  
   

179 ((indirect or indirect treatment or mixed-treatment or bayesian) adj3 comparison*).ti,ab,kf,kw.  
   

180 (meta-analysis or systematic review).md.  
   

181 (multi* adj3 treatment adj3 comparison*).ti,ab,kf,kw.  
   

182 (mixed adj3 treatment adj3 (meta-analy* or metaanaly*)).ti,ab,kf,kw.  
   

183 umbrella review*.ti,ab,kf,kw.  
   

184 (multi* adj2 paramet* adj2 evidence adj2 synthesis).ti,ab,kw,kf.  
   

185 (multiparamet* adj2 evidence adj2 synthesis).ti,ab,kw,kf.  
   

186 (multi-paramet* adj2 evidence adj2 synthesis).ti,ab,kw,kf.  
   

187 or/164-186  
   

188 163 and 187  
   

189 142 and 187  
   

190 188 or 189  
   

191 190 not conference abstract.pt.  
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192 remove duplicates from 191 - HTA, systematic review, meta-anlysis results 
    

 

 

OTHER DATABASES 

PubMed A limited PubMed search was performed to capture records not found in MEDLINE. Same MeSH, 
keywords, limits, and study types used as per MEDLINE search, with appropriate syntax used. 

 

 
Grey Literature 

Dates for Search: February 2018 

Keywords: nivolumab, ipilimumab, dabrafenib, trametinib, pembrolizumab, cobimetinib, vemurafenib, BRAF 
inhibitor, PD-1 inhibitor, and CTLA-4 inhibitor, and melanoma. 

Limits: Human, English 

 

Relevant websites from the following sections of the CADTH grey literature checklist Grey 

Matters: a practical tool for searching health-related grey literature 

(https://www.cadth.ca/grey-matters) were searched: 

 Health technology assessment agencies 

 Clinical practice guidelines 

 Databases (free) 

 Internet search 

 Open-access journals. 

 

 

https://www.cadth.ca/grey-matters

