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Melanoma is common…

Siegal et al. CA Cancer J Clin. 2021

…and becoming more so

Siegal et al. CA Cancer J Clin. 2021



Diagnosis
Curative intent surgery

Gershenwald et al. NEJM

Adjuvant therapy

Systemic therapy for ‘advanced’ melanoma
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Neo-Adjuvant therapy There is a role for molecular diagnostics at every 

step in the journey of a melanoma patient

1. Prognostication

2. Early Detection

3. Predictive tools to help select patients for neo-

/adjuvant therapy 

4. Response/recurrence monitoring

3. Predictive tools to help select patients for 

systemic therapy in advanced setting

4. Response/progression monitoring

5. Identify resistance mechanisms

6. Predictive tools to identify those who 

will develop severe toxicity

7. Diagnose toxicity sooner

Most melanomas are cured with surgery

Gershenwald and Ross. New Engl J Med. 2011



Melanoma Prognosis: AJCC Stage I-II

Factors associated with prognosis

• Depth

• Ulceration

• Mitoses

• Gender (Female > Male)

• Age (Younger better)

• Location (Extremities 
better than trunk, H&N)

• Subtype (Nodular worse)

Balch et al. J Clin Oncol 2009Gershenwald et al. CA Cancer J Clin 2017

• Number of nodes involved

• 1 > 2-3 > 4

• Satellites / in transit disease

• Macroscopic involvement

• All the factors mentioned for 
Stage I-II 

Melanoma Prognosis: AJCC Stage III

Factors associated with prognosis

Balch et al. J Clin Oncol 2009Gershenwald et al. CA Cancer J Clin 2017



Diagnosis Curative intent surgery

Gershenwald and Ross. NEJM 2011

• Risk factors:

• UV exposure

• History of sun burns (esp. in youth)

• Coloring (hair/eyes/pigmentation)

• Typically made by PCP or dermatologist via 

biopsy

• Risk based on thickness, ulceration status, 

nodal status

Summary • Wide excision is standard 

approach

• Extent of margin is depth 

dependent

• All pathologic analysis used to 

drive surgical management is 

with H&E and IHC.

• Routine use of molecular 

markers are not necessary for 

diagnosis of melanoma or for 

directing surgical management.
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Neo-Adjuvant therapy



Traditionally there were few effective therapies

1980 2011 20152013

DTIC

High-dose 

IFN, IL-2

An Era of Futility: 

1975-2005

Korn et al. J Clin Oncol 2009

During the “Era of Futility:

Two fundamental and translatable discoveries occurred

Sullivan and Flaherty. Clin Cancer Res. 2015 Melanoma TCGA. Cell 2015
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Diagnosis Curative intent surgery

Gershenwald and Ross. NEJM 2011

Adjuvant therapy

• Current data with Stage III Melanoma

• Anti-PD1 therapy is SOC (BRAF status independent)

• No benefit of ipi/nivo vs nivo (CM 915) in Stage III, possible benefit of 

ipi/nivo vs nivo in resected Stage IV (IMMUNED)

• BRAF/MEK combo is an alternative SOC for BRAF MT

• Pending trials:

• Stage IIB/C pembro vs placebo

• Stage IIB/C nivo vs placebo
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Overall Survival: First Line Patients

Data cut-off: July 31, 2019.  aBased on Cox regression model with treatment as a covariate stratified by line of therapy (1st vs 2nd), PD-L1 status (positive vs negative) and ECOG (0 vs 1); in instances where there 
were no patients in one of the treatment groups involved in a comparison for a particular stratum, that stratum was excluded from the treatment comparison.

Events, n (%) Median OS (95% CI) HRa (95% CI)

Pembro (first line) 203 (55%) 38.7 mo (27.3-50.8) 0.72 (0.57-0.91)

Ipi (first line) 111 (61%) 17.1 mo (13.8-26.2)

60-mo rate
43%
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48-mo rate
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36-mo rate
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41%
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Long et al. ASCO 2020

Larkin et al. NEJM 2019

Robert et al. NEJM 2019

McArthur et al. SMR 2019

Dummer et al ASCO 2021

Agent(s) Dab/Tram Vem/cobi Enco/Bini Pembro

(front-line)

Nivo IPI/Nivo

ORR (%) 64 70 64 46 45 58

5-yr PFS 

(%)

19 14 23 n/a 28 36

5-yr OS 

(%)

34 30 35 43 44 52
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Gershenwald et al. NEJM

Adjuvant therapy

Systemic therapy for
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Agent(s) Dab/Tram Vem/cobi Enco/Bini Pembro

(front-

line)

Nivo IPI/Nivo

ORR (%) 64 70 64 46 45 58

5-yr PFS 

(%)

19 14 23 n/a 28 36

5-yr OS 

(%)

34 30 35 43 44 52

Neo-Adjuvant therapy

How do we use molecular analyses to aid 
in treatment selection?



Optimizing Selection Strategy: Melanoma Model #1

BRAF

NRAS

NF1
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genotyping
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• Entirely dependent on: 

• Genotyping (blood or tissue)

• Availability of targeted therapies for specific genotypes

• Selection of immunotherapy by default or gestalt

BRAF

NRAS

NF1

Triple WT

CKIT

Blood or tissue

genotyping

Optimizing Selection Strategy: Melanoma Model #1

Less useful is patients with metastatic 

disease since we typically offer up-

front immunotherapy independent of 

molecular subtype
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• In the adjuvant setting, there is significant reason to consider 
BRAF/MEK therapy in BRAF mutant patients.

• Selection of immunotherapy by default (BRAF wild-type) or gestalt 
(bulkier disease…maybe)
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NRAS

NF1

Triple WT

CKIT

Blood or tissue

genotyping

Optimizing Selection Strategy: Melanoma Model #1

Optimizing Selection Strategy: Melanoma Model #2

Tissue analysis

Immunotherapy responsive

Immunotherapy non-responsive



Mutational Load

T-cell infiltrationNeoantigen load

Antigen expression machinery PD-L1 expression

The tumor response 

is PD-L1 expression

Predictive Model of PD1 responsiveness

Van Allen et al. Science 2015

Snyder et al. NEJM 2015

Johnson et al. Cancer Immunol Res 2016

Forschner et al. JITC 2019

Rozeman et al. Nat Med 2021

Van Allen et al. Science 2015

Snyder et al. NEJM 2015

Zaretsky et al. NEJM 2016

Johnson et al. Nat Commun 2016

Sade-Feldman et al. Nat Commun 2017

Rodig et al. Sci Trans Med 2018

Tumeh et al. Nature 2014

Garcia-Diaz et al. Cell Reports 2017

Ayers et al. J Clin Invest 2017

PD-L1 expression is associated with better responses

Carlino et al. AACR 2016



PD-L1 status seems to identify patients likely to 
benefit from IPI/NIVO

PFS by PD-L1 Expression Level (5%)
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*Per validated PD-L1 immunohistochemical assay based on PD-L1 staining of tumor cells in a section of at least 100 evaluable tumor cells. 
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Wolchok et al. ASCO 2015; Larkin et al. NEJM 2015

OS by Tumor PD-L1 Expression, 5% Cutoff
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• ORR of 73.5% for NIVO+IPI and 58.8% for NIVO • ORR of 56.2% for NIVO+IPI and 42.3% for NIVO 

Wolchok et al. NEJM 2017

PD-L1 status does not seem to identify patients as 
likely to respond to NIVO vs IPI/NIVO

PDL-1 (%) > 1 < 1 > 5 < 5 10 < 10

Ipilimumab 19% 18% 21% 17% 20% 18%

Nivolumab 54% 35% 58% 42% 58% 44%

Ipi/Nivo 65% 54% 72% 56% 85% 55%

*Reasons to offer Ipi/Nivo over single-agent anti-PD-1

1. Brain metastases

2. Patient in not likely to be a candidate for subsequent therapy in 12 weeks

Based on the available data, I do not 

recommend tissue PD-L1 analysis to select 

patients for combination therapy



Optimizing Selection Strategy: Melanoma Model #2.1

Tissue analysis?

Single-agent anti-PD-1

Immunotherapy non-responsive

Anti-CLTA4/anti-PD-1
Clinical factors

And then…



Optimizing Selection Strategy: Melanoma Model #2.2

Tissue analysis?

Single-agent anti-PD-1

Immunotherapy non-responsive

Anti-LAG3/anti-PD-1

Anti-CLTA4/anti-PD-1

Clinical factors

? LAG3/?PD-L1

expression

Summary of melanoma molecular diagnostics
• Standard H&E and IHC drive decision making in managing primary 

melanoma

• BRAF targeted therapy is FDA approved for Stage III (adjuvant) and Stage IV 
disease

• PCR-based BRAF or NGS is recommended to detect BRAFV600 mutations in these 
patients

• Perhaps more critical to have result back in adjuvant setting before choosing 
treatment (BRAF MT, favor BRAF/MEK therapy)

• A number of similar, overlapping (and non-overlapping) biomarkers have 
been implicated in response (TMB, neo-antigens, MHC class I/II, T-cell 
infiltration) to immunotherapy

• PD-L1 expression is a useful predictive tool in some diseases, but does not 
appear to have a clear role in decision-making, yet…

• Emergence of anti-LAG3/anti-PD-1 combo may lead to more interest in 
revisiting tumor PD-L1 expression and LAG3 expression in IHC


