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Introduction
The incidence of melanoma has been steadily ris-
ing worldwide over the past few decades. The 
American Cancer Society estimates that in 2022, 
there will be 97,920 new cases of melanoma (70% 
stage I, 11% stage II, 7.5% stage III, and 2.5–4% 
stage 4) and 7650 melanoma-related deaths in the 
United States.1–4 Patients with surgically resecta-
ble melanoma who are considered at high risk for 
disease relapse and death include patients with 
stages IIB-C melanoma with a deep primary mela-
noma with or without ulceration and risk of relapse 
of at least 35% and stages IIIA-D based on 
regional lymphatic metastases.2,5 Among this lat-
ter group, patients with clinically/radiologically 
detectable stages IIIB-D melanoma and bulky 
locoregional advanced disease have a risk of 
relapse that approaches 90% with surgery alone 
and may benefit from neoadjuvant therapy.

Systemic adjuvant therapy targets micrometa-
static disease that is believed to be the source of 
future melanoma relapse and potential death 
from melanoma. The ultimate goals of adjuvant 
therapy are to reduce the risks of recurrence and 
death in high-risk patients despite definitive  
surgical management. Patients with resected mel-
anoma appear to be more susceptible to immuno-
logic interventions with evidence of Th1 immune 
polarization against melanoma as compared to 
patients with more advanced metastatic disease 
characterized by a more immunosuppressive 
microenvironment.6 This has supported the test-
ing of immunotherapy in the adjuvant setting in 
melanoma, starting with high-dose-interferon 
(IFN)-α2b (HDI). HDI was the first US Food 
and Drug Administration (FDA)-approved adju-
vant therapy for resectable high-risk melanoma in 
1995. In the meantime, strides were made in 
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developing cancer immunotherapy and targeted 
therapy which provided excellent opportunities to 
treat metastatic melanoma. Those advances were 
translated into the adjuvant setting in phase III 
trials testing programmed death-1 (PD-1) block-
ade with pembrolizumab and nivolumab in addi-
tion to dabrafenib plus trametinib for BRAF 
mutant melanoma, leading to their regulatory 
approval and broad use. In this review, we discuss 
approved adjuvant therapy options for patients 
with melanoma.

Adjuvant immunotherapy

Cytokine immunotherapy: IFN-α
IFN-α was the mainstay of adjuvant therapy in the 
United States before the development of check-
point inhibitor immunotherapy. IFN-α is known 
to have immunomodulatory, differentiation-
inducing, antiproliferative, antiangiogenic, and 
proapoptotic effects.7 It has been shown to induce 
signal transducer and activator of transcription 
(STAT)1 upregulation while causing STAT3 
downregulation that may reverse T-cell signaling 
defects, resulting in T-cell and dendritic cell infil-
tration into nodal metastases. Kirkwood et al.8 and 
the Eastern Cooperative Oncology Group 
(ECOG) conducted four multicenter, randomized 
trials using high-dose IFN-α (HDI) for patients 
with surgically resected American Joint Committee 
on Cancer (AJCC) 6th edition stages IIB and III 
melanoma. Altogether, these trials accrued 1916 
patients, including three phase III trials where 
patients were randomized to receive HDI versus 
observation (E1684 and E1690) or the ganglio-
side GM2/keyhole limpet hemocyanin vaccine 
(GMK) (E1694).9–12 In these studies, HDI 
showed improvements in relapse-free survival 
(RFS) in all the three trials and overall survival 
(OS) in two trials (E1684 and E1694). However, 
factors related to treatment administration fre-
quency and high toxicity limited the uptake of this 
adjuvant treatment in the community.4

Adjuvant biochemotherapy
Biochemotherapy (BCT) is a treatment that com-
bines cytotoxic drugs with interleukin (IL)-2 and 
IFN-α to boost the effectiveness of chemotherapy 
alone. The South West Oncology Group con-
ducted the S0008 study,13 which compared adju-
vant therapy with the E1684 HDI regimen to a 
9-week BCT regimen that included three cycles 
of cisplatin, vinblastine, and dacarbazine, as well 

as low doses of IL-2 and IFN-α. There was an 
improvement in RFS in favor of BCT at a median 
follow-up of 7.2 years [median RFS of 4.0 versus 
1.9 years; hazard ratio (HR): 0.75, 95% confi-
dence interval (CI): 0.58–0.97]. However, no dif-
ference in OS rates was observed. In addition, 
BCT had a higher toxicity rate, with 76% and 
64% of grades 3 and 4 adverse events (AEs), 
respectively.

Anti-cytotoxic T-lymphocyte-associated  
antigen immunotherapy: Ipilimumab
Ipilimumab is a human monoclonal antibody that 
blocks cytotoxic T-lymphocyte-associated antigen 
4 and potentiates antitumor immune responses to 
treat advanced melanoma. Ipilimumab 3 mg/kg 
received US FDA approval in 2011 for metastatic 
melanoma following the MDX-1020 randomized, 
double-blind phase III trial. In this study, Hodi 
et  al. reported significant OS benefits with ipili-
mumab 3 mg/kg (ipi3) and the combination of 
ipilimumab plus peptide vaccine compared to 
peptide vaccine alone.14 Another study investigat-
ing ipilimumab at 10 mg/kg (ipi10) plus dacar-
bazine compared with dacarbazine alone also 
showed significant survival benefits.15

EORTC 18071 compared adjuvant therapy with 
ipi10 versus placebo in patients with completely 
resected AJCC 7th edition stage III melanoma at 
high risk for recurrence. This trial first reported in 
2015 that after 2.74 years of median follow-up, the 
median RFS was significantly better in the ipili-
mumab group (26.1 months) compared to the pla-
cebo group (17.1 months),16 leading to the 
regulatory approval of ipi10 as adjuvant therapy 
for stage III melanoma. An updated report pub-
lished in 2016, after a median follow-up of 
5.3 years, confirmed the significant improvement 
in RFS in the ipilimumab group versus placebo 
(RFSipilimumab = 40.8%, RFSplacebo = 30.3%), as well 
as increased OS and distant metastasis-free sur-
vival (DMFS) in favor of patients treated with ipili-
mumab (OSipilimumab = 65.4%, OSplacebo = 54.4%; 
DMFSipilimumab = 48.3, DMFSplacebo = 38.9).17 
However, grade 3 or 4 AEs were also experienced 
by patients who received ipilimumab (54.1%) as 
compared to placebo (26.2%). In 2020, Tarhini 
et al.18 published the results of the phase III trial, 
ECOG-ACRIN E1609, that evaluated the safety 
and efficacy of ipi3 and ipi10 versus HDI for the 
treatment of resected high-risk melanoma.19 This 
study met its primary endpoint of demonstrating 
significant improvement in OS with ipi3 versus 
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HD-IFN-α2b. Moreover, the lower dose of ipi3 
was significantly less toxic than ipi10 as treatment-
related AEs of grade 3 or more occurred in 37% of 
patients receiving ipi3 and 58% in those receiving 
ipi10 and led to treatment discontinuation in 35% 
and 54% of patients, respectively. Furthermore, 
there were no significant differences in RFS or OS 
between ipi3 and ipi10 study arms.

Anti-PD-1 receptor immunotherapy:  
Nivolumab and pembrolizumab
In 2017 and 2019, nivolumab and pembroli-
zumab, two anti-PD-1 immunotherapy agents, 
were approved by the US FDA for the adjuvant 
treatment of patients with melanoma with 
involvement of lymph nodes. While nivolumab 
also received approval for treatment of patients 
with metastatic disease who have undergone 
complete resection. This was the result of two 
major studies, CheckMate-23820 and EORT 
C1325/KEYNOTE-054.21

In the CheckMate-238 trial, 906 patients with 
completely resected AJCC 7th edition stages 
IIIB/C or stage IV melanoma were randomly 
assigned 1:1 to receive either ipi10 or nivolumab 
3 mg/kg. After a median of 18 months of follow-
up, the 4-year RFS rate was higher in the 
nivolumab group was 51.7% (95% CI: 46.8–56.3) 
compared to 41.2% (95% CI: 36.4–45.9) in the 
ipilimumab group. The study reported a median 
RFS of 52.4 months in the nivolumab group and 
24.1 months in the ipilimumab group [stratified 
HR: 0.71 (95% CI: 0.60–0.86); p = 0.0003]. 
Moreover, the toxicity was significantly lower in 
the nivolumab group compared to the ipilimumab 
group (Occurrence of grades 3 and 4 AEs: 
nivolumab group = 14.4%, ipilimumab group =  
45.9%; Treatment discontinuation due to any 
AEs: nivolumab group = in 9.7% of patients, ipili-
mumab group = in 42.6% of the patients). Ascierto 
et al. published a 4-year follow-up study in 2020 
that reported sustained RFS benefits in the 
nivolumab group (51.7%) compared to the ipili-
mumab group (41.2%).22 The OS was similar 
between the two groups (OSnivolumab = 77.9%; 
OSipilimumab = 76.6%, p = 0.31). Finally, no differ-
ence was observed in late-emergent adverse effects 
between the two groups.

The KEYNOTE-054 study evaluated the effect 
of pembrolizumab 200 mg or placebo on RFS of 
patients with resected high-risk AJCC 7th edition 
stage III melanoma. In this study, pembrolizumab 

was superior to placebo with a 3.5-year RFS rate 
of 59.8% (95% CI: 55.3–64.1) in the pembroli-
zumab group and 41.4% (37.0–45.8) in the pla-
cebo group [HR: 0.59 [95% CI: 0.49–0.70]).23 In 
addition, in this trial, grades 3–5 AEs were gener-
ally manageable, but one treatment-related death 
occurred in the pembrolizumab group. However, 
Bottomley et al.24 reported quality of life (QOL) 
outcomes results where pembrolizumab did not 
lead to a clinically significant decrease in health-
related QOL when compared to placebo. Table 1 
summarizes key trials that had an impact on clini-
cal practice.

Combination immunotherapy:  
Nivolumab plus ipilimumab
The CheckMate 067 study compared the effects 
of the combination of nivolumab 1 mg/kg plus 
ipi3 with either nivolumab 3 mg/kg or ipi3 alone 
in unresectable AJCC 7th edition stage III or 
stage IV melanoma. Nivolumab plus ipilimumab 
combination was associated with a significant 
prolongation of in RFS and OS compared to the 
control arm of ipilimumab.25,26 However, combi-
nation therapy was associated with a significantly 
higher rate of grade 3 or 4 AEs.

The results of the CheckMate 915 study investi-
gated the benefits of adjuvant combination immu-
notherapy in surgically resected AJCC 7th edition 
stages IIIB/C/D or stage IV melanoma. Patients 
were randomly assigned to receive either 
nivolumab 240 mg every 2 weeks in combination 
with ipilimumab 1 mg/kg every 6 weeks or 
nivolumab 480 mg every 4 weeks for up to a year. 
Results were presented at the AACR annual 
meeting27 in April 2021 and ASCO annual meet-
ing28 in May 2021. After 2 years of follow-up, the 
adjuvant immunotherapy combination did not 
provide significant benefits in RFS or DMFS 
compared to nivolumab alone. Additionally, the 
nivolumab plus ipilimumab combination was 
more toxic than nivolumab alone, with grade 3 or 
4 treatment-related AEs of 33% and 13%, 
respectively.

Adjuvant immunotherapy therapy for  
stages IIB and IIC melanoma
Patients with AJCC 7th edition stages IIB and 
IIC melanoma are considered to have a high risk 
of relapse that justified inclusion in the early adju-
vant trials testing HDI.9,29 HDI has been used on 
a limited basis as adjuvant therapy for these 
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patients, and observation has been the mainstay 
of management after surgery for most stage II 
melanoma patients. Keynote 716 was a phase III 
clinical trial that investigated the use of pembroli-
zumab as adjuvant therapy in patients with 
resected stages IIB and IIC melanoma. This trial 
reported an 18-month RFS rate of 86% (95% CI: 
82–89) in the pembrolizumab group compared to 
77% (95% CI: 73–81) in the placebo group (HR: 
0.60, 95% CI: 0.45–0.79).30 Median RFS was 
not reached in either group. Treatment-related 
events of any grade occurred in 80% of patients 
treated with pembrolizumab, with treatment-
related endocrine disorders occurring in 24% of 
these patients. The rate of grades 3 and 4 treat-
ment-related AEs was reported in 16% of patients 
in the pembrolizumab group versus 4% in the pla-
cebo group. Based on data generated so far from 
this study, the FDA-approved adjuvant immuno-
therapy with pembrolizumab for high-risk stages 
IIB-C melanoma in 2021.31

Adjuvant targeted therapy

Dabrafenib and trametinib
BRAF V600 mutation is present in 50% of cuta-
neous melanomas,32 and combination therapy 
with the BRAF inhibitor dabrafenib and the 
MEK inhibitor trametinib has significant efficacy 
benefits including OS in patients with unresecta-
ble or metastatic melanoma with BRAF V600E or 
V600K mutations.33–35 Based on these results, 
Long et  al.36 reported the COMI-AD trial that 
tested the benefits of adjuvant dabrafenib and 
trametinib in patients with stage III melanoma 
with BRAF V600E or V600K mutations after 
complete surgical resection. The estimated 3-year 
rate of RFS was significantly higher in the combi-
nation therapy group compared to the placebo 
group (RFScombination = 58%, RFSplacebo = 39%, 
p < 0.001) as was the 3-year OS (OScombination = 86%, 
OSplacebo = 77 %, p = 0.0006). The DMFS and 
freedom from relapse were also higher. Finally, 
the safety profile of dabrafenib plus trametinib 
was similar to what was reported in patients with 
metastatic melanoma. After 5 years, the RFS and 
DMFS were persistently higher in the dabrafenib 
plus trametinib group versus placebo. An esti-
mated cure rate analysis also supported potential 
OS benefits.37

Based on the results of the studies with adjuvant 
immunotherapy and targeted therapy, the current 
practice for operable high-risk melanoma favors 

adjuvant therapy with nivolumab, pembroli-
zumab, and dabrafenib plus trametinib.

Vemurafenib
BRIM-8 was a phase III study that tested vemu-
rafenib versus placebo as adjuvant therapy in mela-
noma patients with AJCC 7th edition stages 
IIC-IIIA-IIIB (cohort 1) and stage IIIC (cohort 2) 
with BRAF V600-mutated melanoma.38 The study 
followed a hierarchical analytic approach in testing 
the primary endpoint of disease-free survival 
(DFS) separately in each cohort, with cohort 2 
being prespecified before cohort 1. The study 
enrolled 184 patients in cohort 2 and 314 in cohort 
1. After a median study follow-up of 33.5 months, 
patients with stage IIIC (cohort 2) had a median 
DFS of 23.1 months with vemurafenib as com-
pared to 15.4 months with placebo, HR: 0.80, 
95% CI (0.54–1.18; p = 0.26). Patients with stages 
IIC-IIIA-IIIB had a median DFS that was not 
reached in the vemurafenib arm as compared to 
36.9 months in the placebo arm, HR: 0.54, 95% 
CI: (0.37–0.78; p = 0.0010). This outcome in 
cohort 1 was not considered significant owing to 
the prespecified hierarchical prerequisite.

Neoadjuvant therapy
Neoadjuvant systemic therapy in the form of 
induction therapy prior to definitive surgery has 
recently made significant strides in the manage-
ment of locoregionally advanced melanoma. In 
this section, we provide a brief summary of some 
of the main neoadjuvant trials in melanoma.

Moschos et al. first investigated the role of HDI as 
a 4-week regimen preoperatively in the neoadju-
vant setting in patients with locoregionally 
advanced stages III B-C melanoma. Pathologic 
complete response (pCR) was observed in 15% of 
the 20 patients enrolled in the study.39

Subsequently, Tarhini et al.40 conducted two sep-
arate trials testing ipilimumab as monotherapy 
and in combination with HDI.41 The first study 
revealed a response rate of about 10% including 
major pathologic responses but no pCRs. Ipi10 
leads to significant immunomodulating effects on 
regulatory T cells, myeloid-derived suppressor 
cells, and effector T cells that were evident in the 
circulation and tumor microenvironment includ-
ing evidence of massive infiltration of CD8+ T 
cells into tumor when tested at 6 weeks. The sec-
ond study looked at safety, efficacy, and impact 
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on the T-cell repertoire of neoadjuvant ipi3 or 
ipi10 in combination with HDI in locally/region-
ally advanced melanoma. Thirty-two percent of 
patients had pCR, and in these patients, the frac-
tion of T cells was significantly higher when 
measured in the primary melanoma. Higher 
tumor T-cell clonality in primary tumor and more 
so following neoadjuvant therapy was signifi-
cantly associated with improved RFS.

In 2019, Huang et al.42 studied neoadjuvant anti-
PD-1 with pembrolizumab at 200 mg given for 
one dose only in patients with resectable stages 
III/IV melanoma. A pCR of 19% was observed in 
patients who received treatment. Neoadjuvant 
pembrolizumab plus HDI combination was stud-
ied by Najjar and Tarhini et al. in patients with 
resectable stages III/IV melanoma. It resulted in a 
higher pCR rate of 43%. However, the combina-
tion was associated with a higher toxicity rate 
attributed to HDI use.43

Recent trials also tested combination neoadjuvant 
immunotherapy with ipilimumab plus nivolumab. 
Three major studies combined nivolumab 1 or 
3 mg/kg with ipi1 or ipi3 with variable numbers of 
cycles and duration of treatments. OpACIN 
phase Ib trial tested a combination of ipi3 and 
nivolumab 1 mg/kg as either four courses post-
surgery (adjuvant arm) or two courses pre-surgery 
and two courses post-surgery (neoadjuvant arm) 
in patients with palpable stage III melanoma.44 
This trial had encouraging results with 78% of 
pathologic response. However, a high rate of 
grades 3 and 4 treatment-related AEs were 
reported. Therefore, while the results of this trial 
in terms of treatment efficacy were very encourag-
ing, the safety profile required testing alternative 
dosing schedules to decrease the toxicity. Amaria 
et  al.45 compared nivolumab monotherapy to 
nivolumab plus ipilimumab combination. Patients 
who received nivolumab monotherapy had low 
toxicity rates but also modest responses. Different 
combinations resulted in different efficiency and 
toxicity profiles, hereby, the neo-OpACIN phase 
II trial was designed to compare three different 
combinations of ipilimumab plus nivolumab neo-
adjuvant treatment regimens. It was concluded 
that two cycles of ipilimumab 1 mg/kg plus 
nivolumab 3 mg/kg is a tolerable and efficacious 
neoadjuvant dosing schedule, with 77% of 
patients achieving a pCR and grades 3 and 4 
immune-related AE rate of 20%. In addition, the 
PRADO study confirmed the results of the Neo-
OpACIN trial, and interestingly, by basing the 

decision of therapeutic lymph node dissection 
(TLND) on the pathologic resposne status fol-
lowing neoadjuvant therapy, the number of 
patients requiring TLND the pathologic resposne 
status decreased by 60%.46

In a more recent study by Amaria et al.47 the com-
bination of neoadjuvant and adjuvant nivolumab 
with anti-LAG3 antibody relatlimab resulted in a 
high pCR rate of 59% and lower toxicity (26% Gr 
3/4 AEs) in patients with resectable clinical stage 
III melanoma. Neoadjuvant immunotherapy with 
Talimogene Laherparepvec was also investigated 
as monotherapy in resectable stages IIIB-IVM1a 
melanoma.48 Furthermore, neoadjuvant targeted 
therapy for BRAF mutant melanoma has shown 
significant promise including trials testing dab-
rafenib and trametinib in patients with resectable 
stages IIIB-C, BRAF(V600) mutation-positive 
melanoma as reported in two phase II trials with 
pCR rates of 49–58%.49,50

Altogether, these studies support significant 
potential benefits for neoadjuvant immunother-
apy and targeted therapy in locoregionally 
advanced operable melanoma and justify further 
investigations utilizing emerging active agents in 
melanoma, especially in combination. A number 
of randomized neoadjuvant trials are ongoing.

Optimization of adjuvant therapy

Optimal outcome measures
One unsolved question is whether adjuvant anti-
PD-1 immunotherapy improves OS in all patients 
with resected high-risk melanoma. This question 
is complicated by the lack of improvement in OS 
in trials comparing anti-PD-1 antibodies to active 
controls where salvage patters involving effective 
agents that may impact OS are expected to con-
found OS analyses. CheckMate-238, for exam-
ple, compared nivolumab to ipilimumab and 
found that nivolumab improved RFS but not OS 
(20). Pembrolizumab was also found to improve 
RFS but not OS in the S1404 study, which com-
pared it to ipilimumab and IFN-α.51 However, 
the anticipated increase in OS may have more 
implications for lower-risk patient populations 
who are candidates for adjuvant therapy. The 
question arises as to whether adjuvant treatments 
that only improve RFS without significantly 
improving OS can be used at the time of relapse 
to spare lower risk patients AEs and costs of sys-
temic therapy. That is, treating late (at the time of 
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recurrence) versus early (following surgery). 
However, at this time RFS continues to be the 
optimal outcome measure for adjuvant trials 
understanding that an OS endpoint can be con-
founded by salvage therapy. In addition, we rec-
ommend that OS should continue to be 
considered as a co-primary endpoint. Future 
phase III studies should allow crossover to be 
built into the study design that may help shed 
more light into the OS question which is ulti-
mately the main outcome.

Predictive and prognostic biomarkers
Multiple therapeutic options are currently avail-
able for advanced melanoma. For BRAF mutant 
melanoma, the existence of the activating muta-
tion predicts benefits from BRAF-MEK tar-
geted therapy. However, for immunotherapy, 
reliable clinical grade biomarkers are yet to be 
determined.

Serum LDH and S100B have been shown to cor-
relate with prognosis in metastatic melanoma and 
patients with the high-risk resected disease. 
Elevated levels may be associated with the develop-
ment of melanoma recurrence and could trigger 
imaging studies if not recently obtained.18,52 For 
instance, Tarhini et  al.18 reported that baseline 
S100b levels were significantly associated with RFS 
[HR: 1.70 (95% CI: 1.21–1.92; p < 0.001)] and 
OS [HR: 1.44 (95% CI: 1.06–1.95; p = 0.0210)], 
with higher values signifying a worse prognosis.

In the context of the COMBI-AD clinical trial, an 
IFN-gamma (IFN-γ) gene expression signature 
along with the tumor mutational burden (TMB) 
was proposed as potential predictive biomarkers 
of RFS benefits in BRAF-V600 mutant stage III 
melanoma.53 IFN-γ gene expression signature 
higher than the median was associated with higher 
RFS in patients treated with dabrafenib plus 
trametinib group (HR: 0.41, 95% CI: 0.27–0.61, 
p < 0.0001) as well as in the placebo group (HR: 
0.54, 95% CI: 0.39–0.75 p = 0.0002). In the same 
study, TMB was independently associated with 
better RFS in the placebo group (HR: 0.56, 95% 
CI: 0.37–0.85, p = 0.0056). However, no signifi-
cant association was found between TMB and 
RFS in patients receiving the dabrafenib–
trametinib combination (0.83, 95% CI: 0.53–
1.32, p = 0.44). In patients receiving dabrafenib 
plus trametinib therapy, a low TMB was signifi-
cantly associated with higher RFS (HR: 0.49, 
95% CI: 0.35–0.68, p < 0.0001), in contrast to 

patients with high TMB, where no significant 
RFS benefit was seen in patients receiving ther-
apy when compared to placebo (HR: 0.75, 95% 
CI: 0.44–1.26, p = 0.27). The greatest benefit 
with dabrafenib plus trametinib over placebo was 
seen in those with low TMB and high IFN-γ 
tumors (HR: 0.31, p = 0.0002). The combination 
of TMB and IFN-γ can therefore identify patients 
who might benefit from therapy.18

Lee et al.54 studied the utility of circulating tumor 
DNA (ctDNA) in stages IIIB-C-D melanoma 
patients not receiving systemic adjuvant therapy. 
Patients with a detectable ctDNA had a median 
RFS of 6.2 months compared to 13.9 months in 
patients with undetectable ctDNA (HR: 1.59, 
95% CI: 1.0–2.52, p = 0.027). An interesting 
finding is the ability for ctDNA to stratify the out-
come of patients within the AJCC stage groups, 
despite the absence of association between 
ctDNA levels and stage groups classification. The 
study did not find a significant difference in mel-
anoma-specific survival (MSS) at stage IIIB 
between patients with detectable and undetecta-
ble ctDNA (HR: 2.0, 95% CI: 0.74–5.43, 
p = 0.09). In contrast, a significant difference in 
MSS between patients with detectable and unde-
tectable ctDNA in stage IIIC (HR: 1.7, 95% CI: 
0.95–3.11, p = 0.05) and stage IIID (HR: 6.4, 
95% CI: 1.63–25.04, p < 0.01). This indicates 
the value of ctDNA with a more advanced stage 
III stage groups, and the possibility to determine 
prognosis of patients within the specific stage 
groups based on ctDNA levels.

Another study randomly selected patients with 
resected high-risk stages II and III melanoma 
with confirmed BRAF or NRAS mutation from 
the AVAST-M trial that tested adjuvant therapy 
with bevacizumab.55 Patients with detectable 
ctDNA following surgery had a worse disease-free 
interval (HR: 3.12, 95% CI: 1.79–5.47, 
p < 0.0001) as compared to those with undetect-
able ctDNA. The same pattern was noted for OS 
in patients with detectable ctDNA (HR: 2.63, 
95% CI: 1.40–4.96, p = 0.003).

Discussion
IFN-α was extensively studied in melanoma 
including various dosages, delivery methods, for-
mulations, and treatment durations. In the adju-
vant setting, three RCTs (E1684, E1690, and 
E1694) tested HDI and showed significant 
improvements in RFS (three trials) and OS (two 
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trials). The EORTC 18991 trial found that 
pegylated IFN (PegIFN) reduced relapse proba-
bility while not affecting OS. Ipilimumab at a high 
dosage of 10 mg/kg (ipi10) was later proven to 
improve RFS and OS, although at a high toxicity 
cost (EORTC 18071). North American Intergroup 
E1609 evaluated ipi3 or ipi10 versus HDI and 
found that ipi3 had significant OS improvement 
over HDI and less toxicity as compared to ipi10. 
This trial reported significant improvement in OS 
compared to an active control regimen for the first 
time in melanoma adjuvant treatment supported 
the use of adjuvant ipi3 over HDI. In cases where 
adjuvant therapy with ipilimumab is an option, 
such as patients who recur and continue to have 
operable disease following adjuvant anti-PD-1, 
ipi3 has an advantage over the approved dosage of 
ipi10 as supported by E1609 with similar efficacy 
and less toxicity in favor of ipi3. Based on signifi-
cant RFS benefits, the standard of management 
has lately shifted in favor of the anti-PD-1 antibod-
ies nivolumab (CheckMate-238; versus ipi10) and 
pembrolizumab (KEYNOTE-054; versus pla-
cebo). Similarly, dabrafenib with trametinib sig-
nificantly improved RFS in subjects with BRAF 
mutant melanoma (COMBI-AD; versus placebo). 
The clinical benefits were similar when comparing 
studies that examined anti-PD-1 or dabrafenib 
plus trametinib in patients with BRAF-mutated 
melanoma, with no clear advantage for either. The 
choice of therapy may be based on the patient’s 
preference for delivery routes and toxicity profiles. 
A recent Bayesian network meta-analysis exam-
ined RFS DMFS and OS in adjuvant trials that 
tested dabrafenib plus trametinib, nivolumab, 
pembrolizumab ipilimumab, vemurafenib, chemo-
therapy, and IFN-α.56 The analysis revealed that 
targeted therapy with dabrafenib plus trametinib 
and anti-PD-1 checkpoint inhibitors had similar 
efficacy. However, recent trial, DREAMseq, stud-
ying patients with BRAFV600-mutant unresecta-
ble stage III-IV melanoma, studied two sequencing 
approaches involving immunotherapy with ipili-
mumab and nivolumab followed by dabrafenib 
plus trametinib at disease progression and vice 
versa. The sequence starting with immunotherapy 
was associated with a higher OS at 72% (95% CI: 
62–81%) compared to 52% (95% CI: 42–62%) 
for patients receiving targeted therapy with dab-
rafenib plus trametinib as first-line therapy.57 
Whether this study will impact the choice of adju-
vant therapy in patients with BRAF mutant mela-
noma remains to be answered. However, it may 
justify a similarly sequencing study in the adjuvant 
setting.

It is relevant to note that completed clinical trials 
leading to regulatory approvals utilized previous 
editions of the AJCC staging system, including 
the 7th edition for the most recent trials. However, 
currently in clinical practice the 8th edition is in 
use. This is important since early 30% of patients 
with AJCC7 stage III melanoma would be reclas-
sified in a higher stage III group by AJCC8 versus 
7% in lower stage group.58,59 For example, when 
it comes to adjuvant therapy patients with stage 
IIIA and sentinel lymph metastatic burden of 
<1 mm were excluded from COMBI-AD and 
KeyNote-054 based on their AJCC7 stage, while 
some of these patients (T3a) would be staged as 
IIIB in AJCC8.2 These subtle differences in stag-
ing should be discussed with patients as applica-
ble to each case and pros and cons of systemic 
adjuvant therapy should be discussed based on 
their potential eligibility to published trials inclu-
sion criteria. For patients with stages IIB-IIC 
melanoma, a careful discussion of the benefits 
and risks needs to take place with the patients tak-
ing into account the toxicities and risks and sys-
temic adjuvant therapy and weighing the option 
of treating early versus late (at the time of mela-
noma relapse).

Adjuvant clinical trials currently underway are 
detailed in Table 2. Among these trials is the 
S1801 (NCT03698019) which is a large phase II 
randomized study comparing adjuvant versus 
neoadjuvant pembrolizumab for clinically detect-
able and operable AJCC 7th edition stages III-IV 
high-risk melanoma. To note, PIVOT-12 was 
recently terminated after disappointing results 
from the PIVOT IO-001 trial which failed to 
reach primary endpoints of PFS, objective 
response rate and OS.60 Both trials intended to 
investigate a nivolumab plus bempegaldesleukin 
combination, with PIVOT-12 testing the combi-
nation as adjuvant therapy in patients with com-
pletely resected stages IIIA-D or IV melanoma.

Another promising progress is seen with the neo-
adjuvant approach, which allows for the assess-
ment of clinical and radiologic tumor responses 
and pathologic responses. Neoadjuvant therapy 
may also enhance the clinical outcomes for 
patients with locoregionally advanced operable 
melanoma. Neoadjuvant therapy utilizing 
immune checkpoint inhibitors and BRAF-MEK 
inhibitors has demonstrated promising data in 
early trials that have started to impact the clinical 
practice, and phase III testing is currently under-
way. Both approaches lead to high rates of pCRs, 
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but as reported by Menzies et al.61 pCRs follow-
ing immunotherapy may be more durable. In this 
pooled analysis from six neoadjuvant trials, pCR 
was significantly associated with improved RFS 
and OS in patients with stage III resectable mela-
noma. Patients who had a pCR with neoadjuvant 
therapy had superior RFS compared to those who 
did not achieve a pCR, with RFS 89% versus 50% 
at 2 years, (p < 0.001).61 In addition, attainment 
of pCR was shown to be particularly important in 
targeted therapy as a pathological partial response 
(pPR) was correlated with similar outcomes as 
those seen in a pathological no response (pNR). 
In contrast, patients with near pCR or pPR with 
immunotherapy had a similar RFS as those with 
pCR, while those with pNR had poor RFS. 
Moreover, among patients who underwent immu-
notherapy and had pCR, near pCR or pPR, 
relapses were rarely seen with a reported 2-year 
RFS of 96%.

There is a need for prognostic and predictive bio-
markers that may allow us to treat those who des-
tined to relapse and those who predicted to 
benefit from adjuvant systemic therapy while sav-
ing others unwanted toxicities and costs. 
However, biomarker studies investigated to date 
are limited by the small sample size of the studies 
and the retrospective designs of the analyses. 
Recent research identified TMB, IFN-γ signature 
expression, and circulating cell-free tumor DNA 
as potential biomarkers that may utility with adju-
vant therapy. Relying on a set of biomarkers will 
allow better stratification of patients, with high-
risk patients set to receive more aggressive treat-
ments early-on while evading the use of highly 
toxic regimens in patients with a lower risk of 
relapse. The need for biomarkers that can better 

define the risk of relapse and death is especially 
relevant for earlier stages including IIB, IIC, and 
IIIA where the risk of treatment can be more con-
cerning taking into account the toxicity profiles of 
systemic adjuvant therapy and the cost to patients 
and the society.

Conclusion
The choice of adjuvant therapy in resected cuta-
neous melanoma patients depends on tumor 
stage, BRAF mutation status, and risk of recur-
rence. High-risk patients are treated with adju-
vant anti-PD-1 immunotherapy or targeted 
therapy. While adjuvant ipilimumab has favora-
ble survival benefits, it is associated with high tox-
icity rates. Moreover, anti-PD-1 antibodies, 
nivolumab and pembrolizumab, have significant 
benefits over ipilimumab both in terms of RFS 
and safety profile. Adjuvant therapy with pem-
brolizumab use is also approved for resected 
stages IIB and IIC melanoma based on recent 
results from the Keynote-716 trial. Targeted 
therapy with dabrafenib plus trametinib has been 
shown to be an effective adjuvant therapy option 
for patients with BRAF V600E/K mutant mela-
noma. Moreover, ongoing trials show a promising 
role for neoadjuvant therapy utilizing immuno-
therapeutic and targeted therapy approaches. 
Future trials should integrate the investigation of 
predictive and prognostic biomarkers into the 
clinical trial designs.

Declarations

Ethics approval and consent to participate
Not applicable.

Table 2.  Ongoing adjuvant therapy clinical trials.

Trial Stage (AJCC 7th ed.) N Regimen Primary endpoint

PIVOT-12* IIIA (>1 mm), B, C, D, IV 950 Bempegaldesleukin + nivolumab versus 
nivolumab

RFS

RELATIVITY-098 IIIA (>1 mm), B, C, D, IV 1050 FDC relatlimab + nivolumab versus 
nivolumab

RFS

KEYNOTE-942 III 150 Phase II Moderna mRNA-
4157 + pembrolizumab versus 
pembrolizumab

RFS

CheckMate 76K IIB, IIC 1000 Nivolumab versus placebo RFS

*This study was recently terminated.
AJCC, American Joint Committee on Cancer; RFS, relapse-free survival.

https://journals.sagepub.com/home/tam


I Kobeissi and AA Tarhini 

journals.sagepub.com/home/tam	 11

Consent for publication
Not applicable.

Author contribution(s)
Iyad Kobeissi: Data curation; Methodology; 
Project administration; Writing – original draft; 
Writing – review & editing.

Ahmad A. Tarhini: Conceptualization; Data 
curation; Formal analysis; Methodology; Project 
administration; Resources; Supervision; 
Visualization; Writing – original draft; Writing – 
review & editing.

Acknowledgements
None.

Funding
The authors received no financial support for the 
research, authorship, and/or publication of this 
article.

Competing interests
Iyad Kobeissi has no conflicts of interest to 
declare. Ahmad A. Tarhini declares grants from 
Bristol Myers Squib, Genentech-Roche, 
Regeneron, Sanofi-Genzyme, Nektar, Clinigen, 
Merck, Acrotech, Pfizer, Checkmate, OncoSec 
and consultant fees from Bristol Myers Squibb, 
from Merck, Easai, Instil Bio, Clinigin, 
Regeneron, Sanofi-Genzyme, Novartis, Partner 
Therapeutics, Genentech/Roche, BioNTech, 
outside the submitted work.

Availability of data and materials
Not applicable.

References
	 1.	 Siegel RL, Miller KD, Fuchs HE, et al. Cancer 

statistics, 2022. CA Cancer J Clin 2022; 72: 7–33.

	 2.	 Gershenwald JE, Scolyer RA, Hess KR, et al. 
Melanoma staging: evidence-based changes in 
the american joint committee on cancer eighth 
edition cancer staging manual. CA Cancer J Clin 
2017; 67: 472–492.

	 3.	 Siegel RL, Miller KD, Fuchs HE, et al. Cancer 
Statistics, 2021. CA Cancer J Clin 2021; 71: 
7–33.

	 4.	 Tarhini A, Ghate SR, Ionescu-Ittu R, et al. 
Postsurgical treatment landscape and economic 
burden of locoregional and distant recurrence in 
patients with operable nonmetastatic melanoma. 
Melanoma Res 2018; 28: 618–628.

	 5.	 Romano E, Scordo M, Dusza SW, et al. Site 
and timing of first relapse in stage III melanoma 
patients: implications for follow-up guidelines. J 
Clin Oncol 2010; 28: 3042–3047.

	 6.	 Tatsumi T, Kierstead LS, Ranieri E, et al. 
Disease-associated bias in T helper type 1 (Th1)/
Th2 CD4(+) T cell responses against MAGE-6 
in HLA-DRB10401(+) patients with renal cell 
carcinoma or melanoma. J Exp Med 2002; 196: 
619–628.

	 7.	 Tarhini AA and Kirkwood JM. Clinical and 
immunologic basis of interferon therapy in 
melanoma. Ann N Y Acad Sci 2009; 1182: 
47–57.

	 8.	 Kirkwood JM, Manola J, Ibrahim J, et al. A 
pooled analysis of eastern cooperative oncology 
group and intergroup trials of adjuvant high-dose 
interferon for melanoma. Clin Cancer Res 2004; 
10: 1670–1677.

	 9.	 Kirkwood JM, Strawderman MH, Ernstoff MS, 
et al. Interferon alfa-2b adjuvant therapy of high-
risk resected cutaneous melanoma: the eastern 
cooperative oncology group trial EST 1684. J 
Clin Oncol 1996; 14: 7–17.

	10.	 Kirkwood JM, Ibrahim JG, Sondak VK, et al. 
High-and low-dose interferon alfa-2b in high-
risk melanoma: first analysis of intergroup trial 
E1690/S9111/C9190. J Clin Oncol 2000; 18: 
2444–2458.

	11.	 Kirkwood JM, Ibrahim JG, Sosman JA, et al. 
High-dose interferon alfa-2b significantly 
prolongs relapse-free and overall survival 
compared with the GM2-KLH/QS-21 vaccine in 
patients with resected stage IIB-III melanoma: 
results of intergroup trial E1694/S9512/C509801. 
J Clin Oncol 2001; 19: 2370–2380.

	12.	 Kirkwood JM, Ibrahim J, Lawson DH, et al. 
High-dose interferon alfa-2b does not diminish 
antibody response to GM2 vaccination in 
patients with resected melanoma: results of the 
multicenter eastern cooperative oncology group 
phase ii trial E2696. J Clin Oncol 2001; 19: 
1430–1436.

	13.	 Flaherty LE, Othus M, Atkins MB, et al. 
Southwest oncology group S0008: a phase III 
trial of high-dose interferon Alfa-2b versus 
cisplatin, vinblastine, and dacarbazine, plus 
interleukin-2 and interferon in patients with 
high-risk melanoma–an intergroup study of 
cancer and leukemia group B, children’s oncology 
group, eastern cooperative oncology group, and 
southwest oncology group. J Clin Oncol 2014; 32: 
3771–3778.

	14.	 Hodi FS, O’Day SJ, McDermott DF, et al. 
Improved survival with ipilimumab in patients 

https://journals.sagepub.com/home/tam


Therapeutic Advances in 
Medical Oncology Volume 14

12	 journals.sagepub.com/home/tam

with metastatic melanoma. N Engl J Med 2010; 
363: 711–723.

	15.	 Robert C, Thomas L, Bondarenko I, et al. 
Ipilimumab plus dacarbazine for previously 
untreated metastatic melanoma. N Engl J Med 
2011; 364: 2517–2526.

	16.	 Eggermont AM, Chiarion-Sileni V, Grob JJ, 
et al. Adjuvant ipilimumab versus placebo 
after complete resection of high-risk stage III 
melanoma (EORTC 18071): a randomised, 
double-blind, phase 3 trial. Lancet Oncol 2015; 
16: 522–530.

	17.	 Eggermont AM, Chiarion-Sileni V, Grob JJ, et al. 
Prolonged survival in stage III melanoma with 
ipilimumab adjuvant therapy. N Engl J Med 2016; 
375: 1845–1855.

	18.	 Tarhini AA, Stuckert J, Lee S, et al. Prognostic 
significance of serum S100B protein in high-
risk surgically resected melanoma patients 
participating in Intergroup Trial ECOG 1694. J 
Clin Oncol 2009; 27: 38–44.

	19.	 Tarhini AA, Lee SJ, Hodi FS, et al. Phase III 
study of adjuvant ipilimumab (3 or 10 mg/kg) 
versus high-dose interferon alfa-2b for resected 
high-risk melanoma: North American intergroup 
E1609. J Clin Oncol 2020; 38: 567–575.

	20.	 Weber J, Mandala M, Del Vecchio M, et al. 
Adjuvant nivolumab versus ipilimumab in 
resected stage III or IV melanoma. N Engl J Med 
2017; 377: 1824–1835.

	21.	 Eggermont AMM, Blank CU, Mandala M, 
et al. Adjuvant pembrolizumab versus placebo in 
resected stage III melanoma. N Engl J Med 2018; 
378: 1789–1801.

	22.	 Ascierto PA, Del Vecchio M, Mandala M, 
et al. Adjuvant nivolumab versus ipilimumab in 
resected stage IIIB-C and stage IV melanoma 
(CheckMate 238): 4-year results from a 
multicentre, double-blind, randomised, 
controlled, phase 3 trial. Lancet Oncol 2020; 21: 
1465–1477.

	23.	 Eggermont AMM, Blank CU, Mandalà M, 
et al. Adjuvant pembrolizumab versus placebo in 
resected stage III melanoma (EORTC 1325-
MG/KEYNOTE-054): distant metastasis-free 
survival results from a double-blind, randomised, 
controlled, phase 3 trial. Lancet Oncol 2021; 22: 
643–654.

	24.	 Bottomley A, Coens C, Mierzynska J, et al. 
Adjuvant pembrolizumab versus placebo in 
resected stage III melanoma (EORTC 1325-
MG/KEYNOTE-054): health-related quality-
of-life results from a double-blind, randomised, 

controlled, phase 3 trial. Lancet Oncol 2021; 22: 
655–664.

	25.	 Larkin J, Chiarion-Sileni V, Gonzalez R, et al. 
Combined nivolumab and ipilimumab or 
monotherapy in untreated melanoma. N Engl J 
Med 2015; 373: 23–34.

	26.	 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: 1345–1356.

	27.	 Georgina V, Long DS, Del Vecchio M, et al. 
CT004–adjuvant therapy with nivolumab 
(NIVO) combined with ipilimumab (IPI) vs 
NIVO alone in patients (pts) with resected 
stage IIIB-D/IV melanoma (CheckMate 915): 
AACR 2021 https://www.abstractsonline.com/
pp8/#!/9325/presentation/5135. (2021, accessed 
1 July 2022).

	28.	 Goodman A. Comparing nivolumab plus 
ipilimumab vs nivolumab alone in resected stage 
III to IV melanoma the ASCO post: ASCO. 
https://ascopost.com/issues/may-10-2021/
comparing-nivolumab-plus-ipilimumab-vs-
nivolumab-alone-in-resected-stage-iii-to-iv-
melanoma/#:~:text=In%20CheckMate%20
915%2C%20the%20median,the%2-
0combination%20vs%20nivolumab%20alone 
(2021, accessed 1 July 2022).

	29.	 Yushak M, Mehnert J, Luke J, et al. Approaches 
to high-risk resected stage II and III melanoma. 
Am Soc Clin Oncol Educ Book 2019; 39: e207–e11.

	30.	 Luke JJ, Rutkowski P, Queirolo P, et al. 
Pembrolizumab versus placebo as adjuvant 
therapy in completely resected stage IIB or IIC 
melanoma (KEYNOTE-716): a randomised, 
double-blind, phase 3 trial. Lancet 2022; 399: 
1718–1729.

	31.	 US Food and Drug Administration. FDA approves 
pembrolizumab for adjuvant treatment of stage 
IIB or IIC melanoma. www.fda.gov/drugs/
resources-information-approved-drugs/fdaapproves-
pembrolizumab-adjuvant-treatment-stage-iib-or-
iicmelanoma (2021, accessed 1 July 2022).

	32.	 Cancer Genome Atlas N. Genomic classification of 
cutaneous melanoma. Cell 2015; 161: 1681–1696.

	33.	 Long GV, Grob JJ, Nathan P, et al. Factors 
predictive of response, disease progression, and 
overall survival after dabrafenib and trametinib 
combination treatment: a pooled analysis of 
individual patient data from randomised trials. 
Lancet Oncol 2016; 17: 1743–1754.

	34.	 Long GV, Stroyakovskiy D, Gogas H, et al. 
Combined BRAF and MEK inhibition versus 

https://journals.sagepub.com/home/tam
https://www.abstractsonline.com/pp8/#!/9325/presentation/5135
https://www.abstractsonline.com/pp8/#!/9325/presentation/5135
https://ascopost.com/issues/may-10-2021/comparing-nivolumab-plus-ipilimumab-vs-nivolumab-alone-in-resected-stage-iii-to-iv-melanoma/#:~:text=In%20CheckMate%20915%2C%20the%20median,the%20combination%20vs%20nivolumab%20alone
https://ascopost.com/issues/may-10-2021/comparing-nivolumab-plus-ipilimumab-vs-nivolumab-alone-in-resected-stage-iii-to-iv-melanoma/#:~:text=In%20CheckMate%20915%2C%20the%20median,the%20combination%20vs%20nivolumab%20alone
https://ascopost.com/issues/may-10-2021/comparing-nivolumab-plus-ipilimumab-vs-nivolumab-alone-in-resected-stage-iii-to-iv-melanoma/#:~:text=In%20CheckMate%20915%2C%20the%20median,the%20combination%20vs%20nivolumab%20alone
https://ascopost.com/issues/may-10-2021/comparing-nivolumab-plus-ipilimumab-vs-nivolumab-alone-in-resected-stage-iii-to-iv-melanoma/#:~:text=In%20CheckMate%20915%2C%20the%20median,the%20combination%20vs%20nivolumab%20alone
https://ascopost.com/issues/may-10-2021/comparing-nivolumab-plus-ipilimumab-vs-nivolumab-alone-in-resected-stage-iii-to-iv-melanoma/#:~:text=In%20CheckMate%20915%2C%20the%20median,the%20combination%20vs%20nivolumab%20alone
https://ascopost.com/issues/may-10-2021/comparing-nivolumab-plus-ipilimumab-vs-nivolumab-alone-in-resected-stage-iii-to-iv-melanoma/#:~:text=In%20CheckMate%20915%2C%20the%20median,the%20combination%20vs%20nivolumab%20alone
www.fda.gov/drugs/resources-information-approved-drugs/fdaapproves-pembrolizumab-adjuvant-treatment-stage-iib-or-iicmelanoma
www.fda.gov/drugs/resources-information-approved-drugs/fdaapproves-pembrolizumab-adjuvant-treatment-stage-iib-or-iicmelanoma
www.fda.gov/drugs/resources-information-approved-drugs/fdaapproves-pembrolizumab-adjuvant-treatment-stage-iib-or-iicmelanoma
www.fda.gov/drugs/resources-information-approved-drugs/fdaapproves-pembrolizumab-adjuvant-treatment-stage-iib-or-iicmelanoma


I Kobeissi and AA Tarhini 

journals.sagepub.com/home/tam	 13

BRAF inhibition alone in melanoma. N Engl J 
Med 2014; 371: 1877–1888.

	35.	 Robert C, Karaszewska B, Schachter J, et al. 
Improved overall survival in melanoma with 
combined dabrafenib and trametinib. N Engl J 
Med 2015; 372: 30–39.

	36.	 Long GV, Hauschild A, Santinami M, et al. 
Adjuvant dabrafenib plus trametinib in stage III 
BRAF-mutated melanoma. N Engl J Med 2017; 
377: 1813–1823.

	37.	 Dummer R, Hauschild A, Santinami M, et al. 
Five-year analysis of adjuvant dabrafenib plus 
trametinib in stage III melanoma. N Engl J Med 
2020; 383: 1139–1148.

	38.	 Maio M, Lewis K, Demidov L, et al. Adjuvant 
vemurafenib in resected, BRAF(V600) mutation-
positive melanoma (BRIM8): a randomised, 
double-blind, placebo-controlled, multicentre, 
phase 3 trial. Lancet Oncol 2018; 19: 510–520.

	39.	 Moschos SJ, Edington HD, Land SR, et al. 
Neoadjuvant treatment of regional stage IIIB 
melanoma with high-dose interferon alfa-2b 
induces objective tumor regression in association 
with modulation of tumor infiltrating host cellular 
immune responses. J Clin Oncol 2006; 24: 
3164–3171.

	40.	 Tarhini A, Lin Y, Lin H, et al. Neoadjuvant 
ipilimumab (3 mg/kg or 10 mg/kg) and high 
dose IFN-alpha2b in locally/regionally advanced 
melanoma: safety, efficacy and impact on T-cell 
repertoire. J Immunother Cancer 2018; 6: 112.

	41.	 Tarhini AA, Edington H, Butterfield LH, 
et al. Immune monitoring of the circulation 
and the tumor microenvironment in patients 
with regionally advanced melanoma receiving 
neoadjuvant ipilimumab. PLoS One 2014; 9: 
e87705.

	42.	 Huang AC, Orlowski RJ, Xu X, et al. A single 
dose of neoadjuvant PD-1 blockade predicts 
clinical outcomes in resectable melanoma. Nat 
Med 2019; 25: 454–461.

	43.	 Najjar YG, McCurry D, Lin H, et al. 
Neoadjuvant pembrolizumab and high-dose 
IFnalpha-2b in resectable regionally advanced 
melanoma. Clin Cancer Res 2021; 27:  
4195–4204.

	44.	 Blank CU, Rozeman EA, Fanchi LF, et al. 
Neoadjuvant versus adjuvant ipilimumab plus 
nivolumab in macroscopic stage III melanoma. 
Nat Med 2018; 24: 1655–1661.

	45.	 Amaria RN, Reddy SM, Tawbi HA, et al. 
Neoadjuvant immune checkpoint blockade in 
high-risk resectable melanoma. Nat Med 2018; 
24: 1649–1654.

	46.	 Blank CU, Reijers ILM, Pennington T, et al. 
First safety and efficacy results of PRADO: a 
phase II study of personalized response-driven 
surgery and adjuvant therapy after neoadjuvant 
ipilimumab (IPI) and nivolumab (NIVO) in 
resectable stage III melanoma. J Clin Oncol 2020; 
38: 10002.

	47.	 Amaria RN, Postow MA, Tetzlaff MT, et al. 
Neoadjuvant and adjuvant nivolumab (nivo) with 
anti-LAG3 antibody relatlimab (rela) for patients 
(pts) with resectable clinical stage III melanoma. 
J Clin Oncol 2021; 39: 9502.

	48.	 Dummer R, Gyorki DE, Hyngstrom J, et al. 
Neoadjuvant talimogene laherparepvec plus 
surgery versus surgery alone for resectable stage 
IIIB-IVM1a melanoma: a randomized, open-
label, phase 2 trial. Nat Med 2021; 27: 1789–
1796.

	49.	 Amaria RN, Prieto PA, Tetzlaff MT, et al. 
Neoadjuvant plus adjuvant dabrafenib and 
trametinib versus standard of care in patients 
with high-risk, surgically resectable melanoma: 
a single-centre, open-label, randomised, phase 2 
trial. Lancet Oncol 2018; 19: 181–193.

	50.	 Long GV, Saw RPM, Lo S, et al. Neoadjuvant 
dabrafenib combined with trametinib for 
resectable, stage IIIB-C, BRAF(V600) mutation-
positive melanoma (NeoCombi): a single-arm, 
open-label, single-centre, phase 2 trial. Lancet 
Oncol 2019; 20: 961–971.

	51.	 Grossmann KF, Othus M, Patel SP, et al. Final 
analysis of overall survival (OS) and relapse-
free-survival (RFS) in the intergroup S1404 
phase III randomized trial comparing either 
high-dose interferon (HDI) or ipilimumab to 
pembrolizumab in patients with high-risk resected 
melanoma. J Clin Oncol 2021; 39: 9501.

	52.	 Wevers KP, Kruijff S, Speijers MJ, et al. S-100B: 
a stronger prognostic biomarker than LDH in 
stage IIIB–C melanoma. Ann Surg Oncol 2013; 
20: 2772–2779.

	53.	 Dummer R, Brase JC, Garrett J, et al. Adjuvant 
dabrafenib plus trametinib versus placebo in 
patients with resected, BRAF(V600)-mutant, 
stage III melanoma (COMBI-AD): exploratory 
biomarker analyses from a randomised, phase 3 
trial. Lancet Oncol 2020; 21: 358–372.

	54.	 Lee JH, Saw RP, Thompson JF, et al. Pre-
operative ctDNA predicts survival in high-risk 
stage III cutaneous melanoma patients. Ann 
Oncol 2019; 30: 815–822.

	55.	 Lee RJ, Gremel G, Marshall A, et al. Circulating 
tumor DNA predicts survival in patients with 
resected high-risk stage II/III melanoma. Ann 
Oncol 2018; 29: 490–496.

https://journals.sagepub.com/home/tam


Therapeutic Advances in 
Medical Oncology Volume 14

14	 journals.sagepub.com/home/tam

	56.	 Sharma R, Koruth R, Kanters S, et al. 
Comparative efficacy and safety of dabrafenib in 
combination with trametinib versus competing 
adjuvant therapies for high-risk melanoma. J 
Comp Eff Res 2019; 8: 1349–1363.

	57.	 Atkins MB, Lee SJ, Chmielowski B, et al. 
DREAMseq (Doublet, randomized evaluation 
in advanced melanoma sequencing): a phase 
III trial—ECOG-ACRIN EA6134. J Clin Oncol 
2021; 39: 356154.

	58.	 Tarhini A, Ghate S, Ionescu-Ittu R, et al. 
Stage III melanoma incidence and impact of 
transitioning to the 8th AJCC staging system: a 
US population-based study. Future Oncol 2019; 
15: 359–370.

	59.	 Tarhini A, Atzinger C, Gupte-Singh K, et al. 
Treatment patterns and outcomes for patients with 
unresectable stage III and metastatic melanoma in 
the USA. J Comp Eff Res 2019; 8: 461–473.

	60.	 Princeton NJ & San Francisco. Bristol 
myers squibb and nektar announce update 
on phase 3 PIVOT IO-001 trial evaluating 
bempegaldesleukin (BEMPEG) in combination 
with opdivo (nivolumab) in previously untreated 
unresectable or metastatic melanoma. Bristol 
Myers Squibb 2022. https://news.bms.com/
news/corporate-financial/2022/Bristol-Myers-
Squibb-and-Nektar-Announce-Update-on-
Phase-3-PIVOT-IO-001-Trial-Evaluating-
Bempegaldesleukin-BEMPEG-in-Combination-
with-Opdivo-nivolumab-in-Previously-Untreated-
Unresectable-or-Metastatic-Melanoma/default.
aspx. (2022, accessed 1 July 2022).

	61.	 Menzies AM, Amaria RN, Rozeman EA, 
et al. Pathological response and survival with 
neoadjuvant therapy in melanoma: a pooled 
analysis from the International neoadjuvant 
melanoma consortium (INMC). Nat Med 2021; 
27: 301–309.

Visit SAGE journals online 
journals.sagepub.com/
home/tam

SAGE journals

https://journals.sagepub.com/home/tam
https://news.bms.com/news/corporate-financial/2022/Bristol-Myers-Squibb-and-Nektar-Announce-Update-on-Phase-3-PIVOT-IO-001-Trial-Evaluating-Bempegaldesleukin-BEMPEG-in-Combination-with-Opdivo-nivolumab-in-Previously-Untreated-Unresectable-or-Metastatic-Melanoma/default.aspx
https://news.bms.com/news/corporate-financial/2022/Bristol-Myers-Squibb-and-Nektar-Announce-Update-on-Phase-3-PIVOT-IO-001-Trial-Evaluating-Bempegaldesleukin-BEMPEG-in-Combination-with-Opdivo-nivolumab-in-Previously-Untreated-Unresectable-or-Metastatic-Melanoma/default.aspx
https://news.bms.com/news/corporate-financial/2022/Bristol-Myers-Squibb-and-Nektar-Announce-Update-on-Phase-3-PIVOT-IO-001-Trial-Evaluating-Bempegaldesleukin-BEMPEG-in-Combination-with-Opdivo-nivolumab-in-Previously-Untreated-Unresectable-or-Metastatic-Melanoma/default.aspx
https://news.bms.com/news/corporate-financial/2022/Bristol-Myers-Squibb-and-Nektar-Announce-Update-on-Phase-3-PIVOT-IO-001-Trial-Evaluating-Bempegaldesleukin-BEMPEG-in-Combination-with-Opdivo-nivolumab-in-Previously-Untreated-Unresectable-or-Metastatic-Melanoma/default.aspx
https://news.bms.com/news/corporate-financial/2022/Bristol-Myers-Squibb-and-Nektar-Announce-Update-on-Phase-3-PIVOT-IO-001-Trial-Evaluating-Bempegaldesleukin-BEMPEG-in-Combination-with-Opdivo-nivolumab-in-Previously-Untreated-Unresectable-or-Metastatic-Melanoma/default.aspx
https://news.bms.com/news/corporate-financial/2022/Bristol-Myers-Squibb-and-Nektar-Announce-Update-on-Phase-3-PIVOT-IO-001-Trial-Evaluating-Bempegaldesleukin-BEMPEG-in-Combination-with-Opdivo-nivolumab-in-Previously-Untreated-Unresectable-or-Metastatic-Melanoma/default.aspx
https://news.bms.com/news/corporate-financial/2022/Bristol-Myers-Squibb-and-Nektar-Announce-Update-on-Phase-3-PIVOT-IO-001-Trial-Evaluating-Bempegaldesleukin-BEMPEG-in-Combination-with-Opdivo-nivolumab-in-Previously-Untreated-Unresectable-or-Metastatic-Melanoma/default.aspx
https://news.bms.com/news/corporate-financial/2022/Bristol-Myers-Squibb-and-Nektar-Announce-Update-on-Phase-3-PIVOT-IO-001-Trial-Evaluating-Bempegaldesleukin-BEMPEG-in-Combination-with-Opdivo-nivolumab-in-Previously-Untreated-Unresectable-or-Metastatic-Melanoma/default.aspx
https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam

