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Abstract: Effective systemic therapies, including targeted BRAF/
MEK inhibition and immune checkpoint blockade, have signifi-
cantly changed the treatment landscape for malignant melanoma. 
Specifically, there have been promising clinical trial findings asso-
ciated with the use of neoadjuvant therapy for clinically node-pos-
itive and oligometastatic disease, conditions that have historically 
been managed with up-front surgical resection when possible. This 
review focuses on the burgeoning field of neoadjuvant therapy for 
melanoma. We review the rationale for this treatment approach, 
summarize completed and ongoing neoadjuvant clinical trials, and 
contextualize these findings within the growing body of knowledge 
about targeted and immune checkpoint therapy. Finally, we discuss 
future directions for neoadjuvant trials in melanoma, with particu-
lar focus on biomarker development, treatment effect modifica-
tion, novel therapeutic regimens, and evolving surgical indications 
for regional and oligometastatic disease. 

Introduction

Effective targeted BRAF/MEK inhibitors and immune checkpoint 
blockers have led to improved survival outcomes in malignant 
melanoma that are unprecedented in the history of modern cancer 
therapy.1,2 These medications were initially studied in metastatic 
disease and as adjuvant therapy, in both cases with promising results, 
and their use in the neoadjuvant context is now an expanding field 
of investigation.3 This review focuses on neoadjuvant therapy for 
melanoma and includes the rationale for this treatment approach, a 
summary of translational and clinical trial findings, and a discussion 
of future directions for treatment strategies.

Rationale for Neoadjuvant Therapy

A neoadjuvant approach to systemic therapy has multiple theo-
retical advantages, particularly in the case of immune-modulating 
treatments.4 From a surgical perspective, neoadjuvant therapies have 

Neoadjuvant Therapy for Melanoma:  
New and Evolving Concepts
Derek J. Erstad, MD,1 Russell G. Witt, MD,1 and Jennifer A. Wargo, MD, MMSc1,2

1Department of Surgical Oncology, The University of Texas MD Anderson Cancer Center, 
Houston, Texas
2Department of Genomic Medicine, The University of Texas MD Anderson Cancer Center, 
Houston, Texas



48  Clinical Advances in Hematology & Oncology  Volume 20, Issue 1  January 2022

E R S T A D  E T  A L 

therapies. In melanoma, activating mutations in BRAF 
V600 are present in approximately 50% of patients.10 
The BRAF gene encodes human B-Raf, a serine/threonine 
kinase that functions downstream of the Ras proto-on-
cogene. Mutated B-Raf inappropriately phosphorylates, 
and thereby activates, downstream kinases—including 
MAPK/ERK—thereby leading to inappropriate signaling 
through proliferative and anti-apoptotic gene expression 
programs.11 Initial forays into single-agent, targeted 
inhibition of B-Raf with vemurafenib (Zelboraf, Genen-
tech/Daiichi Sankyo) and dabrafenib (Tafinlar, Novartis) 
in patients with BRAF-mutated metastatic melanoma 
demonstrated improved survival, but progression fre-
quently occurred after several months through MAPK 
reactivation.12,13 It was subsequently observed that combi-
nation inhibition of BRAF and MEK partially addressed 
issues of MAPK reactivation, resulting in more durable 
responses.14,15 

On the basis of promising findings in metastatic 
disease, Amaria and colleagues performed a single-cen-
ter, open-label, randomized phase 2 trial in which 
patients with surgically resectable clinical stage III or 
oligometastatic stage IV BRAF-mutated melanoma 
were randomly assigned to up-front surgery (the stan-
dard of care) with consideration of adjuvant therapy or 
to perioperative dabrafenib and trametinib (Mekinist, 
Novartis).16 In this trial, 7 patients were assigned to 
standard of care and 14 patients to neoadjuvant therapy. 
The trial was stopped early owing to significantly longer 
event-free survival (EFS) in the neoadjuvant therapy 
group (median EFS, 19.7 vs 2.9 months; hazard ratio 
[HR], 0.016; P<.0001). 

Shortly thereafter, the findings from the NeoCombi 
study were published.17 This was a single-arm, open-label, 
phase 2 study in which patients with stage IIIB or IIIC 
BRAF-mutated melanoma were treated with perioperative 
dabrafenib plus trametinib and surgical resection. Of the 
35 patients enrolled, a pathologic response was observed 
in 100%, and 17 (49%) had a pathologic complete 

the potential to downstage unresectable disease and allow 
operative resection to be undertaken with a curative intent. 
Furthermore, preoperative therapy may improve the rate 
of microscopically margin-negative (R0) resection, as has 
been shown in certain gastrointestinal epithelial malignan-
cies.5 Systemic immunotherapy and targeted BRAF/MEK 
inhibition may be more effective in the neoadjuvant than 
in the adjuvant setting. For both types of treatment, it is 
thought that the presence of tumor biomass may increase 
the probability of immunologic activation against tumor 
neoantigens.6 Finally, a neoadjuvant approach has the 
unique advantage of allowing for biologic response assess-
ment to treatment.7 The evaluation of tissue after treat-
ment provides a plethora of valuable information that can 
inform prognosis, decision making regarding additional 
therapy, and scientific discovery by providing information 
about the cellular and molecular effects of therapy on the 
tumor microenvironment (TME).8 Thus, the neoadjuvant 
treatment approach is useful for evaluating the efficacy of 
treatment, ascertaining mechanisms of disease resistance, 
and developing biomarkers.

Despite these numerous potential advantages, theoret-
ical downsides to neoadjuvant therapy remain. First, this 
approach inevitably delays the time to surgical resection, 
which is the current standard of care and the primary cura-
tive modality, and it carries the risk that the disease of some 
patients will progress and become unresectable.9 Both tar-
geted therapy and checkpoint blockade are associated with 
distinct and sometimes severe toxicities that theoretically 
could delay surgery, preclude surgery altogether, or compli-
cate the surgical course owing to complications from drug 
toxicities. The theoretical advantages and disadvantages of 
neoadjuvant therapy are summarized in Table 1.

Neoadjuvant Clinical Trials Investigating 
BRAF/MEK Combined Inhibition

The discovery of recurrent somatic driver mutations in can-
cer has led to the development of highly effective targeted 

Table 1. Neoadjuvant Therapy in Context 

Advantages Disadvantages

• Tumor downstaging: increase resectability, negative margins
•  Immunologic priming: presence of tumor biomass may 

increase the likelihood of neoantigen detection and a response 
to immuno-oncology

•  Biological assessment: pathologic response to therapy, 
surrogate endpoint

• Inform prognosis, guide adjuvant therapy
• Mitigate surgical intervention
•  Study novel drugs, mechanisms of resistance, development of 

biomarkers

• Potential delay in standard-of-care surgery
• Risk for disease progression to unresectable state
•  Possibility that treatment toxicity will affect surgical resection 

and outcomes
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response (pCR). No progression occurred during the 12 
weeks of neoadjuvant therapy. The 2-year relapse-free sur-
vival (RFS) rate was 43% for the entire cohort and 63% 
for the patients who had a pCR. Taken together, the trials 
conducted by Amaria and colleagues and the NeoCombi 
study provided evidence for high rates of durable response 
with neoadjuvant targeted therapy.

Neoadjuvant Clinical Trials Investigating 
Checkpoint Inhibitor Therapy

It has long been known that a dynamic interaction exists 
between the immune system and malignant melanoma. 
Standard-of-care systemic therapies historically included 
cytokine infusions with interferon alfa (IFN-α) and inter-
leukin 2 (IL-2), both of which were designed to stimulate 
antitumor immune activation, although often with pro-
hibitive inflammatory side effects. Immune checkpoint 
blockers had a revolutionary effect in the treatment of 
melanoma because these medications were highly effec-
tive and easy to administer, with side effect profiles that 
were generally less severe than those for cytokine infusions 
and adoptive cell therapies.

Checkpoint inhibition was initially studied in 
advanced melanoma, in which it was demonstrated that 
survival outcomes with programmed death 1 (PD-1) 
checkpoint blockade were superior to survival outcomes 
with cytotoxic T-lymphocyte–associated antigen 4 
(CTLA-4) inhibition.2,18 Subsequent adjuvant trials for 
resectable high-risk melanoma were a natural next step 
because of a historical precedent for adjuvant therapy with 
cytokine infusions, and this approach still allowed stan-
dard-of-care up-front surgery. Several notable checkpoint 
blockade trials have been conducted in the adjuvant space. 
The double-blind phase 3 European Organization for 
Research and Treatment of Cancer (EORTC) 1325-MG/
KEYNOTE-054 trial evaluated adjuvant treatment with 
the PD-1 inhibitor pembrolizumab (Keytruda, Merck) 
vs placebo in patients who had stage III melanoma.19 A 
total of 1019 patients were treated with complete lymph 
node dissection followed by randomization to receive 
pembrolizumab vs placebo for 1 year. The 3-year RFS 
rate was 63.7% for immunotherapy treatment vs 44.1% 
for placebo, and the 3.5-year distant metastasis-free 
survival (DMFS) rate was 65% vs 49%, respectively.20 
KEYNOTE-054 thus provided evidence for a survival 
benefit with checkpoint blockade vs close observation. 
CheckMate 238 was another double-blind adjuvant phase 
3 trial of resected stages IIIB through IV melanoma that 
directly compared nivolumab (Opdivo, Bristol Myers 
Squibb) vs ipilimumab (Yervoy, Bristol Myers Squibb).21 
Recent long-term follow-up has been reported; the 4-year 
RFS rate was 51.7% for nivolumab vs 41.2% for ipilim-

umab, with no difference in the overall survival (OS) rate 
(77.9% vs 76.6%, respectively).22 This trial corroborated 
the finding that PD-1 inhibition provides a more signifi-
cant treatment effect than CTLA-4 blockade in advanced 
melanoma.18,21,23 More recently, preliminary results from 
the CheckMate 915 trial were presented at the American 
Association for Cancer Research (AACR) Annual Meeting 
2021.24 This was an Australian trial with an intent-to-treat 
design that randomly assigned more than 1800 patients 
with stage III or IV melanoma to adjuvant ipilimumab 
plus nivolumab vs nivolumab alone. Unexpectedly, no 
difference in the 2-year RFS rate was found between 
the treatment arms (64.6% for combination therapy vs 
63.2% for monotherapy).

Given this background, multiple neoadjuvant trials 
have been implemented and reported during the last 5 
years. The phase 1b OpACIN study was a seminal clinical 
trial that investigated combination checkpoint blockade 
with ipilimumab and nivolumab in both adjuvant and 
perioperative contexts.6 Patients were randomly assigned 
to either 12 weeks of adjuvant therapy or 6 weeks of 
neoadjuvant therapy plus 6 weeks of adjuvant therapy. 
In each arm, 9 of 10 patients experienced grade 3 or 4 
toxicities when dosed with ipilimumab at 3 mg/kg  and 
nivolumab at 1 mg/kg.6 The 4-year EFS rate was 80% for 
perioperative therapy vs 60% for adjuvant therapy, and 
the 4-year OS rate was 90% vs 70%, respectively.25 

Another groundbreaking neoadjuvant trial in mela-
noma, which was conducted by Amaria and colleagues, 
was published concomitantly with the OpACIN study 
findings. In this trial, the authors investigated neoadju-
vant PD-1 monotherapy with nivolumab (3 mg/kg) for 
4 doses vs combination nivolumab (1 mg/kg) plus ipilim-
umab (3 mg/kg) for 3 doses in patients who had resectable 
high-risk melanoma.9 The trial enrolled 23 patients, with 
12 receiving monotherapy and 11 receiving combination 
therapy. It was stopped early owing to disease progression 
that precluded subsequent surgery in 2 of the patients 
receiving nivolumab monotherapy. Combination therapy 
was associated with a high objective response rate (ORR; 
73%) and pCR rate (45%), although the rate of associated 
toxicity was also high (grade 3 adverse events in 73%). 
In contrast, nivolumab monotherapy was associated with 
only a modest ORR (25%) and pCR rate (25%); how-
ever, only 8% of patients experienced a grade 3 toxicity. 
No significant differences were found in survival outcome 
measures (RFS, DMFS, and OS), although this analysis 
was limited by small sample sizes. The authors performed 
extensive translational analyses of tumor samples to iden-
tify signatures of response, and they identified a greater 
quantity of CD8+ tumor infiltrate, increased tumor 
cell programmed death ligand 1 (PD-L1) expression, 
and higher levels of lymphoid markers in responders vs 
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nonresponders. They also identified a higher rate of T-cell 
clonality in responders, as previously described.26

Shortly thereafter, Huang and colleagues investigated 
the effect of a single dose of pembrolizumab given 3 weeks 
before surgical resection.8 In this study, 27 patients with 
stages IIIB through IV melanoma treated with surgical 
resection were enrolled, and 8 of the 27 (29.6%) exhib-
ited a major or complete pathologic response after a single 
dose. The 1-year disease-free survival (DFS) rate was 63%, 
although no patients with complete/major responses had 
a recurrence by the study endpoint. Much as in the study 
by Amaria and colleagues, a greater quantity of CD8+ 
tumor infiltrate was associated with a better response to 
checkpoint blockade. 

Finally, findings from the OpACIN trial inspired 
the subsequent OpACIN-neo trial, which was a phase 2b 
study investigating the optimal dosing of combination 
ipilimumab plus nivolumab as neoadjuvant therapy for 
stage III melanoma.27 In this trial, 86 patients were ran-
domly assigned to 1 of 3 treatment arms with different 
dosing regimens. The investigators observed that the 
optimal combination, as evidenced by minimal toxicity 
and maximal effect, was 2 cycles of ipilimumab at 1 mg/
kg plus nivolumab at 3 mg/kg given intravenously once 
every 3 weeks. Rozeman and colleagues recently pub-
lished long-term survival data. The overall 2-year RFS 
rate was 84% for all 3 treatment arms, but it was 97% for 
patients with an observed pathologic response vs 36% for 
nonresponders.25

Neoadjuvant vs Adjuvant Immunotherapy for 
Melanoma

It remains unknown whether neoadjuvant therapy is 
superior to adjuvant therapy, or vice versa. To date, no 
phase 3 clinical trials comparing these approaches have 
been completed to provide more clarity on the topic. The 
ongoing phase 2 S1801 clinical trial from the Southwest 
Oncology Group (SWOG) is investigating survival out-
come measures in patients with resectable stage III or IV 
melanoma treated with neoadjuvant vs adjuvant pem-
brolizumab.28 Results of this head-to-head comparison 
have not yet been published. Cross-trial comparisons are 
inherently limited, although cautious interpretation of 
completed studies does suggest a trend in favor of neoad-
juvant therapy. When the clinical trials mentioned earlier 
are considered together, adjuvant therapy was associated 
with an RFS rate of approximately 50% to 65% at 2 to 
4 years of follow-up. In contrast, neoadjuvant studies 
provided evidence of more durable responses, with recur-
rence-free rates ranging from 80% to 84% at 1 to 4 years 
of follow-up.

It is also interesting to note that inhibition with the 

combination of CTLA-4 plus PD-1 was shown to provide 
an additive effect in advanced disease (CheckMate 067) 
and as neoadjuvant therapy (Amaria and colleagues), but 
not in the adjuvant context (CheckMate 915). The bio-
logic underpinnings of these differences in treatment effi-
cacy require further investigation, though one noticeable 
difference is that tumor biomass is present at the time of 
checkpoint inhibitor treatment for advanced disease and 
neoadjuvant therapy, unlike for adjuvant treatment. It is 
conceivable that dual checkpoint blockade may have a 
greater effect when immunologic exposure to neoantigens 
is theoretically more plentiful. In support of this argu-
ment, it was observed in the OpACIN and OpACIN-neo 
trials that a greater expansion of tumor-resident T-cell 
clones occurred with neoadjuvant therapy than with 
adjuvant therapy.27 

Biomarkers of Treatment Response Drive the 
Next Generation of Neoadjuvant Trials

Despite the excitement and promise of checkpoint block-
ade for the treatment of metastatic melanoma, an objec-
tive response to combination therapy is noted in only 
about half of patients, and even lower response rates are 
observed with single agents.2 Multiple efforts are ongoing 
to better understand the biological determinants of treat-
ment response, and this work may have two pragmatic 
implications for clinical care. First, improved pretreat-
ment prediction of response would allow more accurate 
prognostication and could inform management decisions, 
such as the frequency of surveillance. Second, this work 
could lead to the development of personalized therapeutic 
regimens designed to optimize treatment effects.

One important avenue of investigation involves the 
assessment of pathologic tumor response, which has been 
shown to correlate with RFS and OS for both targeted 
inhibition and immunotherapy. Interestingly, the degree 
of pathologic response, and its association with outcome 
measures, appears to differ according to treatment type.29 
Among patients treated with neoadjuvant BRAF/MEK 
inhibition, evidence of a pCR was associated with supe-
rior survival outcomes, whereas the outcomes of patients 
who had a near-complete response or partial response 
were more like those of nonresponders over time. Con-
versely, among patients treated with immunotherapy, the 
outcomes of partial and near-complete responders were 
similar to those of complete responders, with very few 
recurrences during the observation period. Although no 
patients with a pCR to immunotherapy have experienced 
a recurrence to date, recurrences have been observed 
among patients who received targeted therapy and simi-
larly had a complete response. These findings indicate that 
a pathologic response, of any degree, is a more sensitive 
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marker of durable response for immunotherapy than it is 
for targeted BRAF/MEK inhibition.

Several studies have investigated the relationship 
between pathologic response and preoperative clinico-
pathologic traits in the hope of identifying pretreatment 
prognostic markers. Menzies and colleagues recently 
evaluated pathologic response and survival in 192 patients 
who had stage III melanoma treated with neoadjuvant 
therapy.29 No significant associations were observed in 
the patients treated with BRAF/MEK inhibitors in this 
study. For immunotherapy, only the treatment regimen—
combination vs monotherapy checkpoint blockade—was 
significant on multivariable analysis. Post hoc analysis 
of participants in the OpACIN-neo trial support these 
findings; no association was found between tumor ulcer-
ation, size, or PD-1 expression and pathologic response 
to therapy.27 These studies capture the current state of 
knowledge, which is that it remains difficult to predict 
who will have a good response to neoadjuvant therapy on 
the basis of pretreatment clinical factors. 

Technologic advances, particularly next-generation 
sequencing, have allowed deeper investigations into the 
biological determinants of response to neoadjuvant ther-
apy in melanoma. By transcriptomic analysis, interferon 
gamma (IFN-γ) expression has been shown to correlate 
with pathologic response to checkpoint blockade. IFN-γ 
is a cytokine produced by activated T cells, natural killer 
(NK) cells, and NK T cells that has multiple effects on 
immune signaling, resulting in an inflammatory state 
that is critical to the innate immune response.30 With 
respect to the TME, INF-γ has been shown to stimulate 
the expression of human leukocyte antigen proteins, theo-
retically supporting neoantigen presentation and immune 
cell recruitment. However, IFN-γ also co-stimulates 
inhibitory signals, including PD-L1 and PD-L2. This 
combination of immunologic stimulation and dampen-
ing represents a complex interplay that is not fully under-
stood. Nonetheless, the presence of INF-γ signaling has 
been associated with a reduced risk for relapse, and thus it 
may have empiric value as a predictor of immunotherapy 
response.6 A recent post-treatment analysis of 65 patients 
from the OpACIN-neo trial confirmed that a high level 
of IFN-γ gene expression was significantly correlated with 
a high degree of pathologic response and a low risk for 
relapse.25 In this study, the authors observed an associa-
tion between EFS and tumor mutational burden (TMB). 
However, no correlation between TMB and IFN-γ 
expression was observed, although patients who exhibited 
both high TMB and high IFN-γ signaling had a 100% 
partial pathologic response rate and zero recurrences at 
2 years. Conversely, the presence of both low TMB and 
low IFN-γ signaling was associated with a 2-year EFS rate 
of 49%, in comparison with 83% or greater for all other 

combinations in which at least one biomarker (TMB or 
IFN-γ expression) was elevated.25

Translational discovery of IFN-γ expression in the 
TME inspired the DONIMI trial, a biomarker-driven, 
multicenter phase 1b trial evaluating domatinostat, 
nivolumab, and ipilimumab in IFN-γ signature–low and 
IFN-γ signature–high stage III melanoma.31 Domati-
nostat is a selective class I histone deacetylase inhibitor 
(HDACi) that is thought to potentially stimulate IFN-γ 
gene expression. The intention of this trial is to convert 
pretreatment IFN-γ–low tumors to an IFN-γ–high phe-
notype to enhance tumor response. 

Immune infiltrates are another potential marker of 
susceptibility to checkpoint blockade. Post-treatment 
analysis of tumor samples from the OpACIN-neo trial 
revealed that the quantity of immune cell infiltrate was 
associated with the degree of pathologic response.25 
In this study, the authors also reported that increased 
circulating levels of vascular endothelial growth factor 
receptor 2 (VEGFR2), CX3CL1, and PD-L2 after 
neoadjuvant therapy were associated with nonresponse. 
VEGF signaling is thought to have multiple pro-tumor 
functions, including inhibition of effector T-cell function, 
abrogation of immune cell trafficking to the TME, sup-
pression of antigen presentation by dendritic cells, and 
stimulation of myeloid-derived suppressor cells and regu-
latory T cells.32-35 Based on these findings, the Neo PeLe 
trial is a phase 2 study of neoadjuvant pembrolizumab 
and lenvatinib (Lenvima, Eisai) for stage III melanoma. 
Lenvatinib is a multiple receptor tyrosine kinase (RTK) 
inhibitor that selectively inhibits VEGF receptors, includ-
ing VEGFR2.36 Similar to the DONIMI trial, the goal 
of this study is to increase immunotherapy susceptibility 
among nonresponders.

Effect of the Gut Microbiome

Our understanding of the complex interplay between gut 
microbiota and the immune system is still in its infancy, 
but several seminal studies have implicated the micro-
biome in the response to immune-based therapies. The 
intestines contain the largest reservoir of lymphocytes 
in the human body, and continuous communication 
between bacteria and immune cells, primarily contained 
in Peyer’s patches in the lamina propria of the intestinal 
wall, influences both local and systemic immune activa-
tion states. Alterations in the diversity and abundance of 
gut bacterial species have been associated with multiple 
diseases that have immunologic underpinnings, including 
inflammatory bowel disease, hepatic steatohepatitis, and 
various types of cancer. In 2015, it was shown in preclin-
ical melanoma models that variation in the quality and 
quantity of gut bacterial species influences susceptibility 
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to checkpoint blockade.37,38 These studies inspired a series 
of clinical investigations that corroborated such findings 
in patients who had melanoma treated with immunother-
apy.39-42 In each case, it was found that patterns in the 
microbiome could be linked to “responder” and “non-
responder” states, although the patterns were variable 
between studies. It is not fully understood why overlap in 
microbiome signatures between studies has been limited, 
although this finding may be partly related to technical 
considerations such as sequencing pipelines and differ-
ences in patient populations.43

Nonetheless, the gut microbiome has been identified 
as a novel target for cancer therapy,  as a means both to 
prevent disease and to modify the effect of immuno-
therapy. Thus, work is ongoing to identify consortia of 
bacteria that enhance immune response in the setting of 
checkpoint blockade. In addition, active clinical trials are 
investigating interventions and behaviors that influence 
microbial diversity, including diet, exercise, and the use 
of antibiotics.44,45 The delivery of therapeutic microbiota 
is an area of active investigation, by means such as fecal 
microbiota transplant and the administration of biother-
apeutics comprising one or multiple strains of bacteria. 
Although obstacles remain, it may become possible in the 
future to sample the stool of patients with melanoma and 
contextualize their baseline microbial signature as one 
indicating immunotherapy responder or nonresponder 
status. Then, by such means as dietary changes, an “off-
the-shelf ” biotherapeutic, or fecal transplant, it may be 
possible to convert patients to responder states before the 
initiation of checkpoint blockade.

Combination Targeted BRAF/MEK Inhibition 
Plus Immunotherapy

Although targeted therapy is not mechanistically thought 
of as an immune-modulating therapy, it has been pre-
viously shown in both preclinical animal models and 
patient samples that targeted BRAF/MEK inhibition is 
associated with multiple immunologic changes in the 
TME, the majority of which are immune-activating. 
These changes include increased expression of antigen-pre-
senting machinery (major histocompatibility complex 
proteins), increased presentation of immune-stimulating 
melanocyte differentiation antigens, and infiltration of 
cytotoxic (CD8+) T cells without a concomitant rise in 
immune-suppressive cells.46-48 Given these immunologic 
changes incurred with targeted therapy, an additive effect 
might be possible with combined checkpoint blockade.

A precedent for combination BRAF/MEK plus 
checkpoint blockade can be found in studies of advanced 
melanoma. In the multicenter, double-blind, phase 2 
KEYNOTE-022 clinical trial, patients with metastatic or 

unresectable BRAF-mutated melanoma were randomly 
assigned to treatment with dabrafenib and trametinib 
plus pembrolizumab or placebo.49,50 The progression-free 
survival (PFS) rate at 24 months was 41% for combina-
tion therapy vs 16% for BRAF/MEK therapy. Median 
OS was not reached for combination therapy and was 
26.3 months for BRAF/MEK therapy.49 Triplet therapy 
consisting of pembrolizumab plus targeted BRAF/MEK 
inhibition was associated with a higher incidence of treat-
ment-related adverse events. The study did not achieve 
statistical significance for the prespecified primary end-
point of PFS.

A more recent trial was COMBI-I, a placebo-con-
trolled phase 3 clinical trial investigating the anti–PD-1 
antibody spartalizumab vs placebo in combination with 
dabrafenib and trametinib for patients with BRAF-mu-
tated advanced melanoma.51 The primary endpoint of 
PFS did not differ between the treatment arms, although 
some beneficial trends were observed with the addition of 
anti–PD-1 therapy. The ORR was 68.5% for the spartali-
zumab arm vs 64.2% for the placebo arm. 

Finally, a third study, IMspire150, was a multicenter, 
double-blind, randomized controlled phase 3 trial inves-
tigating the anti–PD-L1 antibody atezolizumab (Tecen-
triq, Genentech) vs placebo plus cobimetinib (Cotellic, 
Genentech) and vemurafenib (Zelboraf, Genentech) for 
advanced and locally unresectable melanoma.52 The pri-
mary endpoint of this study was PFS, which was found 
to be significantly increased by investigator assessment 
with combination checkpoint and BRAF/MEK therapy 
(15.1 vs 10.6 months; P=.025). No difference in OS was 
observed with limited-duration follow-up.

In summary, it remains to be determined whether 
the combination of immune checkpoint blockade plus 
BRAF/MEK inhibition provides a survival advantage. 
As more checkpoint inhibitors and targeted therapies 
are developed, identifying the optimal combinations and 
dosing regimens remains an area of active investigation, 
particularly given the high toxicity profile of combination 
therapy. Further investigation of this therapeutic strategy 
in the neoadjuvant space is required to determine its 
potential benefit. 

Evolving Indications for Surgical Intervention 
With Neoadjuvant Therapy

The advent of highly effective neoadjuvant therapies 
comes with new questions about the role of surgery for 
locally advanced and metastatic disease. With regard 
to regional nodal disease, the DeCOG-SLT trial from 
Germany and the MSLT-II trial provided supporting 
evidence for observation rather than therapeutic lymph 
node dissection in clinically node-negative, sentinel 
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node–positive melanoma.53,54 For patients with clinically 
node-positive disease, the standard of care remains thera-
peutic lymph node dissection. However, for patients with 
clinically positive nodes who have an objective response 
to neoadjuvant checkpoint blockade, often no evidence 
of residual malignancy is found on pathologic analysis 
of the surgical specimen.27 This observation provided the 
inspiration for the personalized response-driven surgery 
and adjuvant therapy after neoadjuvant ipilimumab and 
nivolumab (PRADO) trial in resectable stage III mela-
noma.55 In this study, which is an extension cohort of the 
OpACIN-neo trial, patients with clinically node-positive 
melanoma were treated with 2 cycles of ipilimumab and 
nivolumab after fiducial marker placement in the index 
lymph node (ILN), which was defined as the largest node 
with pathologically confirmed metastatic disease. The 
ILN was resected at 6 weeks after the initiation of neoad-
juvant therapy; patients with a major pathologic response 
in the ILN underwent no further intervention, those with 
a partial response were treated with completion lymph 
node dissection, and those with no response were treated 
with node dissection followed by adjuvant nivolumab. 
This trial is ongoing, with long-term survival outcomes 
pending. Findings from this study may set a new prece-
dent for further limiting the indications for therapeutic 
lymphadenectomy.

Although neoadjuvant therapy may narrow the indi-
cations for surgery in resectable regional disease, it may 
also expand the indications for surgery in unresectable 
locally advanced and metastatic melanoma. Blankenstein 
and colleagues recently published their findings from the 
REDUCTOR trial, which was a prospective, single-arm, 
phase 2 trial investigating the downstaging potential of 
neoadjuvant BRAF/MEK inhibition for unresectable 
regionally advanced and oligometastatic melanoma.56 
This trial enrolled 21 patients with stage IIIC melanoma, 
of whom 18 (86%) were treated with surgical resection. 
An R0 resection was achieved in 17 of 18 patients, with 
a median RFS of 9.9 months. The findings from this trial 

reveal the potential of neoadjuvant BRAF/MEK inhibi-
tion to downstage unresectable disease. By inference, it 
is conceivable that the extent of downstaging and rate of 
durable response might be even better with checkpoint 
blockade or with combination targeted inhibition and 
checkpoint blockade. 

Conclusion

The advent of effective systemic therapies with targeted 
BRAF/MEK inhibition and immune checkpoint blockade 
has drastically changed the treatment landscape for mel-
anoma, particularly the prospect of neoadjuvant therapy 
for locally advanced and metastatic disease. Although 
preliminary trial data are very supportive of the use of neo-
adjuvant therapy for stages III and IV melanoma, multiple 
active lines of investigation have been designed to optimize 
its application further; we have described them in this 
review, and they are summarized in Table 2. Going for-
ward, it is likely that neoadjuvant therapy will be utilized 
increasingly with expanded indications, and hopefully this 
trend will be associated with more durable responses.
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Table 2. Future Directions of Neoadjuvant Trials

Redefining  
Surgical  
Indications

•  Mitigating unnecessary lymphadenectomy in neoadjuvant responders (PRADO trial)55

• Downstaging unresectable disease (REDUCTOR trial)56

Optimizing  
Treatment 
Response

•  Stimulating responder transcriptomic signature (IFN-γ–high) with HDACi and IFN therapy31,57

•  Stimulating responder gut microbiome signature with diet, FMT, biotherapeutics44,45

•  Abrogating nonresponder signature (circulating VEGF2) with anti-VEGF therapy36

Assessing Novel 
Treatment 
Combinations

• Combination BRAF/MEK inhibition plus immune checkpoint blockade58

• Combination immune checkpoint blockade plus viral oncolysis59

• Trialing novel checkpoint and targeted inhibitors

FMT, fecal microbiota transplant; HDACi, histone deacetylase inhibitor; IFN-γ, interferon gamma; VEGF2, vascular endothelial growth factor 2.



54  Clinical Advances in Hematology & Oncology  Volume 20, Issue 1  January 2022

E R S T A D  E T  A L 

References

1. Curti BD, Faries MB. Recent advances in the treatment of melanoma. N Engl J 
Med. 2021;384(23):2229-2240. 
2. Larkin J, Chiarion-Sileni V, Gonzalez R, et al. Five-year survival with com-
bined nivolumab and ipilimumab in advanced melanoma. N Engl J Med. 
2019;381(16):1535-1546. 
3. Amaria RN, Menzies AM, Burton EM, et al; International Neoadjuvant Mel-
anoma Consortium members. Neoadjuvant systemic therapy in melanoma: rec-
ommendations of the International Neoadjuvant Melanoma Consortium. Lancet 
Oncol. 2019;20(7):e378-e389. 
4. Liu J, Blake SJ, Yong MC, et al. Improved efficacy of neoadjuvant compared 
to adjuvant immunotherapy to eradicate metastatic disease. Cancer Discov. 
2016;6(12):1382-1399. 
5. Murphy JE, Wo JY, Ryan DP, et al. Total neoadjuvant therapy with FOLFIRI-
NOX followed by individualized chemoradiotherapy for borderline resectable pan-
creatic adenocarcinoma: a phase 2 clinical trial. JAMA Oncol. 2018;4(7):963-969. 
6. Blank CU, Rozeman EA, Fanchi LF, et al. Neoadjuvant versus adjuvant 
ipilimumab plus nivolumab in macroscopic stage III melanoma. Nat Med. 
2018;24(11):1655-1661. 
7. Krishnamoorthy M, Lenehan JG, Maleki Vareki S. Neoadjuvant immuno-
therapy for high-risk, resectable malignancies: scientific rationale and clinical 
challenges. J Natl Cancer Inst. 2021;113(7):823-832. 
8. Huang AC, Orlowski RJ, Xu X, et al. A single dose of neoadjuvant PD-1 block-
ade predicts clinical outcomes in resectable melanoma. Nat Med. 2019;25(3):454-
461. 
9. Amaria RN, Reddy SM, Tawbi HA, et al. Neoadjuvant immune checkpoint 
blockade in high-risk resectable melanoma. Nat Med. 2018;24(11):1649-1654. 
10. Cancer Genome Atlas N; Cancer Genome Atlas Network. Genomic classifica-
tion of cutaneous melanoma. Cell. 2015;161(7):1681-1696. 
11. Davies H, Bignell GR, Cox C, et al. Mutations of the BRAF gene in human 
cancer. Nature. 2002;417(6892):949-954. 
12. Chapman PB, Hauschild A, Robert C, et al; BRIM-3 Study Group. Improved 
survival with vemurafenib in melanoma with BRAF V600E mutation. N Engl J 
Med. 2011;364(26):2507-2516. 
13. Hauschild A, Grob JJ, Demidov LV, et al. Dabrafenib in BRAF-mutated met-
astatic melanoma: a multicentre, open-label, phase 3 randomised controlled trial. 
Lancet. 2012;380(9839):358-365. 
14. Flaherty KT, Infante JR, Daud A, et al. Combined BRAF and MEK inhibition 
in melanoma with BRAF V600 mutations. N Engl J Med. 2012;367(18):1694-
1703. 
15. Robert C, Karaszewska B, Schachter J, et al. Improved overall survival in mel-
anoma with combined dabrafenib and trametinib. N Engl J Med. 2015;372(1):30-
39. 
16. Amaria RN, Prieto PA, Tetzlaff MT, et al. Neoadjuvant plus adjuvant dab-
rafenib 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(2):181-193. 
17. Long GV, Saw RPM, Lo S, et al. Neoadjuvant dabrafenib combined with 
trametinib for resectable, stage IIIB-C, BRAFV600 mutation-positive melanoma 
(NeoCombi): a single-arm, open-label, single-centre, phase 2 trial. Lancet Oncol. 
2019;20(7):961-971. 
18. 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):1345-1356. 
19. Eggermont AMM, Blank CU, Mandala M, et al. Longer follow-up confirms 
recurrence-free survival benefit of adjuvant pembrolizumab in high-risk stage III 
melanoma: updated results from the EORTC 1325-MG/KEYNOTE-054 trial. J 
Clin Oncol. 2020;38(33):3925-3936. 
20. Eggermont AMM, Blank CU, Mandalà M, et al; EORTC Melanoma Group. 
Adjuvant pembrolizumab versus placebo in resected stage III melanoma (EORTC 
1325-MG/KEYNOTE-054): distant metastasis-free survival results from a dou-
ble-blind, randomised, controlled, phase 3 trial. Lancet Oncol. 2021;22(5):643-
654. 
21. Weber J, Mandala M, Del Vecchio M, et al; CheckMate 238 Collaborators. 
Adjuvant nivolumab versus ipilimumab in resected stage III or IV melanoma. N 
Engl J Med. 2017;377(19):1824-1835. 
22. Ascierto PA, Del Vecchio M, Mandalá 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(11):1465-1477. 
23. Robert C, Ribas A, Hamid O, et al. Durable complete response after discon-
tinuation of pembrolizumab in patients with metastatic melanoma. J Clin Oncol. 
2018;36(17):1668-1674. 
24. Long GV, Schadendorf D, Del Vecchio M, et al. Adjuvant therapy with 
nivolumab combined with ipilimumab vs nivolumab alone in patients with 
resected stage IIIB-D/IV melanoma (CheckMate 915) [AACR abstract CT004]. 
Cancer Res. 2021;81(13)(suppl). 
25. Rozeman EA, Hoefsmit EP, Reijers ILM, et al. Survival and biomarker analyses 
from the OpACIN-neo and OpACIN neoadjuvant immunotherapy trials in stage 
III melanoma. Nat Med. 2021;27(2):256-263. 
26. Roh W, Chen PL, Reuben A, et al. Integrated molecular analysis of tumor 
biopsies on sequential CTLA-4 and PD-1 blockade reveals markers of response 
and resistance. Sci Transl Med. 2017;9(379):eaah3560. 
27. Rozeman EA, Menzies AM, van Akkooi ACJ, et al. Identification of the 
optimal combination dosing schedule of neoadjuvant ipilimumab plus nivolumab 
in macroscopic stage III melanoma (OpACIN-neo): a multicentre, phase 2, ran-
domised, controlled trial. Lancet Oncol. 2019;20(7):948-960. 
28. ClinicalTrials.gov. A study to compare the administration of pembrolizumab 
after surgery versus administration both before and after surgery for high-risk 
melanoma. https://clinicaltrials.gov/ct2/show/NCT03698019. Identifier: 
NCT03698019. Accessed November 30, 2021. 
29. Menzies AM, Amaria RN, Rozeman EA, et al. Pathological response and sur-
vival with neoadjuvant therapy in melanoma: a pooled analysis from the Interna-
tional Neoadjuvant Melanoma Consortium (INMC). Nat Med. 2021;27(2):301-
309. 
30. Ikeda H, Old LJ, Schreiber RD. The roles of IFN gamma in protection against 
tumor development and cancer immunoediting. Cytokine Growth Factor Rev. 
2002;13(2):95-109. 
31. ClinicalTrials.gov. Multicenter phase 1b trial testing the neoadjuvant combi-
nation of domatinostat, nivolumab and ipilimumab in IFN-gamma signature-low 
and IFN-gamma signature-high RECIST 1.1-measurable stage III cutaneous or 
unknown primary melanoma. https://clinicaltrials.gov/ct2/show/NCT04133948. 
Identifier: NCT04133948. Accessed November 30, 2021. 
32. Motz GT, Santoro SP, Wang LP, et al. Tumor endothelium FasL estab-
lishes a selective immune barrier promoting tolerance in tumors. Nat Med. 
2014;20(6):607-615. 
33. Chen PL, Roh W, Reuben A, et al. Analysis of immune signatures in longitu-
dinal tumor samples yields insight into biomarkers of response and mechanisms 
of resistance to immune checkpoint blockade. Cancer Discov. 2016;6(8):827-837. 
34. Gabrilovich D, Ishida T, Oyama T, et al. Vascular endothelial growth factor 
inhibits the development of dendritic cells and dramatically affects the differenti-
ation of multiple hematopoietic lineages in vivo. Blood. 1998;92(11):4150-4166. 
35. Terme M, Pernot S, Marcheteau E, et al. VEGFA-VEGFR pathway blockade 
inhibits tumor-induced regulatory T-cell proliferation in colorectal cancer. Cancer 
Res. 2013;73(2):539-549. 
36. ClinicalTrials.gov. A phase II study of neoadjuvant pembrolizumab & lenva-
tinib for resectable stage III melanoma (Neo PeLe). https://clinicaltrials.gov/ct2/
show/NCT04207086. Identifier: NCT04207086. Accessed November 30, 2021. 
37. Sivan A, Corrales L, Hubert N, et al. Commensal Bifidobacterium pro-
motes antitumor immunity and facilitates anti-PD-L1 efficacy. Science. 
2015;350(6264):1084-1089. 
38. Vétizou M, Pitt JM, Daillère R, et al. Anticancer immunotherapy by CTLA-4 
blockade relies on the gut microbiota. Science. 2015;350(6264):1079-1084. 
39. Gopalakrishnan V, Spencer CN, Nezi L, et al. Gut microbiome modu-
lates response to anti-PD-1 immunotherapy in melanoma patients. Science. 
2018;359(6371):97-103. 
40. Matson V, Fessler J, Bao R, et al. The commensal microbiome is associated with 
anti-PD-1 efficacy in metastatic melanoma patients. Science. 2018;359(6371):104-
108. 
41. Frankel AE, Coughlin LA, Kim J, et al. Metagenomic shotgun sequencing 
and unbiased metabolomic profiling identify specific human gut microbiota and 
metabolites associated with immune checkpoint therapy efficacy in melanoma 
patients. Neoplasia. 2017;19(10):848-855. 
42. Routy B, Le Chatelier E, Derosa L, et al. Gut microbiome influences 
efficacy of PD-1-based immunotherapy against epithelial tumors. Science. 
2018;359(6371):91-97. 
43. Helmink BA, Khan MAW, Hermann A, Gopalakrishnan V, Wargo JA. The 
microbiome, cancer, and cancer therapy. Nat Med. 2019;25(3):377-388. 
44. ClinicalTrials.gov. Effect of diet on the immune system in patients with stage 
III-IV melanoma receiving immunotherapy, DIET Study (DIET). https://www.



Clinical Advances in Hematology & Oncology  Volume 20, Issue 1  January 2022  55

N E O A D J U V A N T  T H E R A P Y  F O R  M E L A N O M A

clinicaltrials.gov/ct2/show/NCT04645680. Identifier: NCT04645680. Accessed 
November 30, 2021. 
45. ClinicalTrials.gov. The impact of an antibiotic (cefazolin) before surgery on 
the microbiome in patients with stage I-II melanoma. https://clinicaltrials.gov/ct2/
show/NCT04875728. Identifier: NCT04875728. Accessed November 30, 2021.
46. Boni A, Cogdill AP, Dang P, et al. Selective BRAFV600E inhibition enhances 
T-cell recognition of melanoma without affecting lymphocyte function. Cancer 
Res. 2010;70(13):5213-5219. 
47. Frederick DT, Piris A, Cogdill AP, et al. BRAF inhibition is associated with 
enhanced melanoma antigen expression and a more favorable tumor microenvi-
ronment in patients with metastatic melanoma. Clin Cancer Res. 2013;19(5):1225-
1231. 
48. Knight DA, Ngiow SF, Li M, et al. Host immunity contributes to the anti-mel-
anoma activity of BRAF inhibitors. J Clin Invest. 2013;123(3):1371-1381. 
49. Ferrucci PF, Di Giacomo AM, Del Vecchio M, et al; KEYNOTE-022 interna-
tional team. KEYNOTE-022 part 3: a randomized, double-blind, phase 2 study 
of pembrolizumab, dabrafenib, and trametinib in BRAF-mutant melanoma. J 
Immunother Cancer. 2020;8(2):e001806. 
50. Ascierto PA, Ferrucci PF, Fisher R, et al. Dabrafenib, trametinib and pembroli-
zumab or placebo in BRAF-mutant melanoma. Nat Med. 2019;25(6):941-946. 
51. Dummer R, Lebbé C, Atkinson V, et al. Combined PD-1, BRAF and MEK 
inhibition in advanced BRAF-mutant melanoma: safety run-in and biomarker 
cohorts of COMBI-i. Nat Med. 2020;26(10):1557-1563. 
52. Gutzmer R, Stroyakovskiy D, Gogas H, et al. Atezolizumab, vemurafenib, 
and cobimetinib as first-line treatment for unresectable advanced BRAFV600 muta-
tion-positive melanoma (IMspire150): primary analysis of the randomised, dou-
ble-blind, placebo-controlled, phase 3 trial. Lancet. 2020;395(10240):1835-1844. 

53. Faries MB, Thompson JF, Cochran AJ, et al. Completion dissection or observa-
tion for sentinel-node metastasis in melanoma. N Engl J Med. 2017;376(23):2211-
2222. 
54. Leiter U, Stadler R, Mauch C, et al; German Dermatologic Cooperative 
Oncology Group. Final Analysis of DeCOG-SLT Trial: No survival benefit for 
complete lymph node dissection in patients with melanoma with positive sentinel 
node. J Clin Oncol. 2019;37(32):3000-3008. 
55. 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 [ASCO abstract 10002]. J Clin Oncol. 2020;38(15)(suppl). 
56. Blankenstein SA, Rohaan MW, Klop WMC, et al. Neoadjuvant cytoreductive 
treatment with BRAF/MEK inhibition of prior unresectable regionally advanced 
melanoma to allow complete surgical resection, REDUCTOR: a prospective, sin-
gle-arm, open-label phase II trial. Ann Surg. 2021;274(2):383-389. 
57. Tarhini A, Lin Y, Lin H, et al. Neoadjuvant ipilimumab (3 mg/kg or 10 mg/kg) 
and high dose IFN-α2b in locally/regionally advanced melanoma: safety, efficacy 
and impact on T-cell repertoire. J Immunother Cancer. 2018;6(1):112. 
58. ClinicalTrials.gov. A study of atezolizumab plus cobimetinib and vemu-
rafenib versus placebo plus cobimetinib and vemurafenib in previously untreated 
BRAFv600 mutation-positive patients with metastatic or unresectable locally 
advanced melanoma. https://clinicaltrials.gov/ct2/show/NCT02908672. Identi-
fier: NCT02908672. Accessed November 30, 2021. 
59. ClinicalTrials.gov. Neo-adjuvant T-VEC + nivolumab combination therapy for 
resectable early metastatic (Stage IIIB/C/D-IV M1a) melanoma with injectable 
disease (NIVEC). https://clinicaltrials.gov/ct2/show/NCT04330430. Identifier: 
NCT04330430. Accessed November 30, 2021.


