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INTRODUCTION

• Despite growth in genomics, gold standard for 
melanoma diagnosis still relies on 
histopathology.

• Initially melanoma were categorized based on 
histology – RGP and VGP growth phases.

• However categories now better distinguished 
by epidemiologic and genomic observations.



3rd Edition
• Superficial spreading melanoma
• Nodular melanoma
• Lentigo maligna melanoma
• Desmoplastic melanoma
• Nevoid melanoma
• Acral-lentiginous melanoma
• Mucosal melanoma
• UveaL melanoma
• Melanoma of childhood
• Melanoma arising from giant 

congenital nevus
• Melanoma arising from a blue 

nevus
• Persistent Melanoma

WHO Classification of Melanoma
4th Edition

• Low CSD melanoma (SSM)
• High CSD melanoma (LMM)
• Desmoplastic melanoma
• Acral melanoma
• Mucosal melanoma
• Uveal melanoma
• Spitz melanoma
• Melanoma arising from giant 

congenital nevus
• Melanoma arising from a blue 

nevus



• WHO Classification of Skin Tumors 4th.



• WHO Classification of Skin Tumors 4th.



• Cases included melanoma with 
precursor lesion

• Study defined the succession of 
genetic alterations during 
melanoma progression.

• It also identified an 
intermediate category with 
more than one genetic 
alteration – resolving the 
dysplastic/atypical nevi 
controversy.

• Shain et. al. The genetic evolution of Melanoma from Precursor Lesions. NEJM 2015.



• Shain et. al. From melanocytes to melanomas. Nat Rev Cancer 2016.
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NCCN GUIDELINES





• There are many other clinical scenarios such as 
satellite/in transit/nodal recurrence and various tx
options. 
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Immune Checkpoint targeted therapy

• Pathogen or Tumor antigen specific T-cell 
activation requires two signals:
1. T-cell receptor (TCR) recognizes/binds to tumor 

associated antigen presented in association with 
MHC by antigen presenting cells.

2. Costimulatory signal is provided by binding CD28 
with B7-1(CD80) or B7-2(CD86) receptors.



Immune Checkpoint targeted therapy

• Both signals are required for  activation, 
differentiation, and proliferation of antigen –
specific T cells which then migrate to the source 
of antigens in the periphery to elicit effector 
function (PROGRAM=KILL TUMOR CELLS!). 

• T cell immunity is tightly regulated by check and 
balance systems involving many stimulatory and 
inhibitory molecules.



Immune Checkpoint targeted therapy

• T-Cell activation introduction
• CTLA-4 Blocking Ab

– Ipilimumab

• PD-1 Blocking Ab
– Nivolumab
– Pembrolizumab

• Eggermont AM et al. NEJM 2016:375:1845-1855.
• Hodi FS et al. NEJM 2010:711-723.
• Robert C et al. NEJM 2011:2517-2526.
• Maio M et al. J Clin Oncol 2015:1191-1196
• Ascierto PA et al. Lancet Oncol 2017.



Immune Checkpoint targeted therapy

• Current list of FDA approved ImmunoCheckpoint
inhibitors.

• There are other anti-CTLA-4 and anti-PD-1/anti-PD-
L1 drugs not approved or in development. 



• Immediately following T-cell activation, CTLA-4 is 
upregulated.

• CTLA-4 competes with CD28 for B7 thus interrupting 
the costimulatory signal and blunting T-cell response.

• Antibody blocking CTLA-4 therefore enhance antitumor 
immunity by sustaining T-cell response.

CTLA-4 Blocking Ab



CTLA-4 Blocking AB

• For stage 3 disease, ipilimumab improved 
Relapse Free Survival (RFS), Distant Mets Free 
Survival (DMFS), and Overall Survival (OS).

- OS = the “gold standard” for measuring clinical benefits of a cancer drug. 
Measuring how long patients live compared to control. OS is a strong and 
precise endpoint, requiring having more patients and longer followups 
compared to other clinical trial endpoints.

- RFS/DFS = survival without any signs or symptoms of the cancer.
- DMFS = defined start point of the period to appearance of a distant mets.



CTLA-4 Blocking AB

• For unresectable and metastatic disease, 
ipilimumab improved Overall Survival (OS).

- PFS, progression free survival = how long person lives without the disease worsening.



Immune Checkpoint targeted therapy

• T-Cell activation introduction
• CTLA-4 Blocking Ab

– Ipilimumab

• PD-1 Blocking Ab
– Nivolumab
– Pembrolizumab

• Weber J et al. NEJM 2017:1824-1835.
• Eggermont AM et al. NEJM 2018:1789-1801
• Harnid O et al. Eur J Cancer 2017:37-45
• Weber JS et al. Lancet Oncol 2015:375-384



• PD-1 to PD-L1 binding leads to T cell exhaustion 
and deletion. 

• Tumor cells upregulate PD-L1 evading 
immunosurveillance.

• Thus, anti-PD-1 or Anti-PD-L1 interrupts this 
mechanism, restoring anti-tumor immunity and 
sustained T-cell activation to kill tumor cells.

PD-1 and PD-L1 Blocking Ab



• Current targeted therapies are associated with 
lower rates of toxicity than historical adjuvant 
tx options (IFNa, cytotoxic chemo).

• Although data is limited, so far, targeted 
therapies with Anti-PD-1 Ab (nivolumab and 
pembrolizumab) was associated with clinically 
meaningful and statistically significant 
improvement in relapse free survival, distant 
metastasis free survival, and overall survival in 
Stage III and IV.

PD-1 and PD-L1 Blocking Ab



PD-1 and PD-L1 Blocking Ab



PD-1 and PD-L1 Blocking Ab



Adverse effects of Checkpoint 
Immunotherapies



Immune Checkpoint targeted therapy

• CTLA-4 Blocking Ab
– Ipilimumab

• PD-1 Blocking Ab
– Nivolumab
– Pembrolizumab

• Checkpoint targeted therapy summary:
• FDA approved for advanced stage melanomas.
• Trials show promising results improving survival.
• PD-1 Blocking Ab > CTLA-4 Blocking Ab (survival and AE)



BRAF and MEK Inhibitors

• Daud A et al. J Clin Oncol 2016:34:Abstr 9510
• Schreuer M et al. Lancet Oncol 2017:464-472
• Johnson DB et al. J Clin Oncol 2014:3697-3704
• Flaherty KT et al. NEJM 2012:1694-1703
• Chen G et al. JAMA Oncol 2016:1056-1064
• Long GV et al. Ann Oncol 2017:1631-1639
• Robert C et al. NEJM 2015:30-39
• Dreno B et al. Ann Oncol 2017:1137-1155
• Dummer et al. Lancet Oncol 2018:1315-1327



BRAF Inhibitors and MEK Inhibitors

• Dabrafenib
• Vemurafenib
• Encorafenib

• Trametinib
• Cobimetinib
• Binimetinib



MEK Inhibitors for NRAS mutations

• Dummer et. al. Binimetinib versus dacarbazine in patients with advanced 
NRAS-mutant melanoma (NEMO): a multicentre, open-label, randomized, 
phase 3 trial Lancet Oncol 2017.



MEK Inhibitors for NRAS mutations
• Highest incidence of mutated RAS genes is found in 

tumors of exocrine pancreas, colon, and follicular and 
undifferentiated thyroid CA.

• About 15-20% of melanomas are believed to harbor a 
mutation in NRAS.

• NRAS mutation is low in acquired nevi but common in 
congenital nevi (~80%). This is in contrast to BRAF
which are rare or absent in congenital nevi.

• NRAS mutations are reported in more commonly sun-
exposed areas.

• Occurrence of BRAF and NRAS mutations in melanoma 
appear to be mutually exclusive events.



MEK Inhibitors for NRAS mutations
• Member of the small 

GTPase family of 
proteins.

• RAS protein is active 
upon binding to GTP.

• Mutant RAS interfere 
with ability to switch to 
the GDP bound inactive 
conformation.



MEK Inhibitors for NRAS mutations



BRAF and MEK Inhibitors
• Davies et al. in 2002 (Nature 417:949-954) 

identified frequent BRAF mutations in human 
cancers including melanoma (66%).

• BRAF mutations frequently associated with 
melanomas from intermittently sun-exposed skin 
(trunk and extremities).

• Most common BRAF mutation is the V600E 
(substitution of Glu for Val). 75-90% of all BRAF-
mutant melanomas.

• BRAF is one of the three RAF kinase isoforms.
• Part of the MAPK signal transduction pathway.



BRAF and MEK Inhibitors
• Activation of membrane 

bound receptor changes 
inactive GDP-bound RAS 
to active GTP-bound state.

• RAS activates RAF. 
• RAF activates MEK and 

ERK
• This causes upregulated 

cell proliferation and 
growth 



BRAF and MEK Inhibitors
• Mutated BRAF causes constitutive activation of kinase 

activity.
• The V600E BRAF mutation has tenfold higher kinase activity 

than wild type.
• Inhibition of mutant BRAF in cell lines leads to decreased 

ERK activity, resulting in cell arrest, decreased transcription, 
and ultimately apoptosis. Logic for targeted therapy.

• Interestingly, BRAF mutations are also found in benign nevi. 
• BRAF mutation only thought to be possible initial step in the 

development of malignancy. Thus additional genetic 
mutations are necessary for melanoma oncogenesis.



BRAF and MEK Inhibitors
• BRAF targeted 

monotherapy has issues 
with resistance.
1. MEK-dependent 

resistance, acquisition 
of new mutations.

2. MEK-independent 
resistance, upregulation 
of membrane receptor 
tyrosine kinase and 
bypass through mTOR 
pathway.



BRAF and MEK Inhibitors
• BRAF monotherapy relapse within 6 months.
• Based on BRAF-inhibitor resistance, combined 

approach with MEK inhibitor suggests superior to 
BRAF inhibitory monotherapy.



BRAF and MEK Inhibitors

• Dabrafenib/Trametinib

• Vemurafenib/Cobimetinib

• Encorafenib/Binimetinib



BRAF and MEK Inhibitors



BRAF and MEK Inhibitors



BRAF and MEK Inhibitors
• BRAF monotherapy and MEK monotherapy is not 

beneficial.
• BRAF inhibitor and MEK inhibitor combined 

therapy is showing promising results for targeted 
therapy of advanced melanoma.

• There is great interest in investigating combined 
BRAF inhibitors with inhibitors of the mTOR 
pathway.



Interleukin-2

• Boyd KU et al. J Surg Oncol 2011:711-717
• Weide B et al. Cancer Immuno Immunother 2011:487-493



Interleukin-2
• Antitumor activity of IL-2 is believed to be 

immune based; however, exact 
mechanism is unclear.
– Binding of IL-2 receptor expressed on 

immune cells,  IL-2 induces a cytokine 
cascade:
• interferons
• Interleukins
• Tumor necrosis factors

– These cytokines further stimulate 
proliferation and differentiation of B and T 
cells, monocytes/macrophages, and NK cells.

• Through stimulation of the immune 
system, IL-2 induces antitumor 
cytotoxicity (nonspecific and ?specific).



Interleukin-2
• High dose IL2 has been used to treat 

metastatic melanoma.
• Overall response rare (ORR) are modest at 

<20%.
• But those with complete response (<10%) 

tend to have high rates of long term survival.
• Median OS is usually 11-12 mo with 10% 

achieving long term survival >5years.



Interleukin-2
• IL-2 however is associated with significant 

toxicities.
• Therefore, due to low response rate and high 

toxicity, IL-2 is less preferred compared to 
checkpoint inhibitors and BRAF-targeted 
options.

• However, Intralesional IL-2 injection is far less 
toxic and has high complete response rate for 
cutaneous lesions.



Interleukin-2



Intralesional T-VEC

• Andtbacka RH et al. J clin Oncol 2015:2780-2788
• Andtbacka RHI et al. ASCO meeting Aabstracts 2015;33:TPS9094



Intralesional T-VEC
• Talimogene laherparepvec (T-VEC), is an agent 

that uses modified herpes simplex virus to 
induce tumor cell lysis and to deliver localized 
expression of GM-CSF to injected lesions.



Intralesional T-VEC



KIT Inhibitor

• Lee et al. Multicenter Trial of Korean Cancer Study Group (UN10-06) Oncologist 2015.
• Guo et al. Phase II TEAM Trial. Ann Oncol 2017
• MORE REFERENCES NEEDED



KIT Inhibitor
• KIT mutations are rarely seen in melanoma and 

mostly associated with mucosal and acral 
subtypes.

• KIT is a transmembrane receptor tyrosine kinase 
activating MAPK, PI3K, phospholipase C-gamma, 
and JAK/STAT pathways.

• Two most common KIT mutations are L576P(34%) 
and K642E(15%) in exon 11 and 13, respectively.

• Most KIT mutations occur in exon 11 (70%) which 
encodes a domain that inhibits the receptor.



KIT Inhibitor
• This results in constitutive 

activation of the associated 
signaling pathway.

• Imatinib designed to inhibit 
kinase activity

• KIT mutations or increased copy number of KIT is 
seen in 39% mucosal melanoma, 36% acral 
melanomas, and 28% of melanomas on high 
cumulative sun-damaged skin, unlike BRAF and 
NRAS mutation associated melanomas.



KIT Inhibitor
• In metastatic melanomas Phase II studies with 

imatinib or nilotinib inhibitors of KIT 
demonstrated 17%-30% ORR and 35%-57% 
Disease control rate.

• In phase II study in 43 Asian patients with 
metastatic melanoma with KIT mutation or 
amplification were treated with imatinib:
– 23% partial response.

• In phase II study in 9 Asian patients with 
metastatic melanoma with KIT aberration were 
treated with nilotinib:
– 2 patients had partial response.



TRK Inhibitors

• Drilon A et. al. Efficacy of Larotrectinib in TRK fusion-positive cancers in adults and Children. N Engl J Med 2018.
• Drilon A. et al. Safety and antitumor activity of the multitargeted Pan-TRK, ROS1, and ALK inhibitor entrectinib. 

Combined results from two phase 1 trials (ALKA-3720991 and STARTRK-1) Cancer Discov 2017.



TRK Inhibitors
• Neurotrophic Receptor 

Tyrosine Kinase Genes:
– NTRK1, NTRK2, NTRK3.

• Melanoma and other diverse 
cancers have shown 
recurrent chromosomal 
fusion events involving the 
carboxy-terminal kinase 
domain of TRK and various 
upstream amino-terminal 
partners.



TRK Inhibitors



TRK Inhibitors
• Fusion leads to 

overexpression 
of the chimeric 
protein and 
constitutive 
ligand-
independent 
activation.



TRK Inhibitors
• Larotrectinib

Kaplan-Meier 
Plots of Duration 
of Response 
among 44 
patients with a 
Response and 
Progression-free 
Survival among 
all 55 patients.



TRK Inhibitors
• Entrectrinib notably also used for NSCLC with 

ROS1 rearrangement .



• WHO Classification of Skin Tumors 4th.


