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Topics

1. Why do we need the GEP test?

2. Current state of limitation & potentials.



AJCC staging for prognostic prediction

Latest 8th edition released in 2018

• Clinico-pathologic and outcomes data for 44,000 
patients

• Key variables:
 -Breslow depth        (pathology)
 -ulceration           (pathology) 
 -SLN status          (SLNB) 
 -Distant metastatic disease    (imaging)

Gershenwald, CA Cancer J Clin 2017



Gershenwald, et al. CA Cancer J Clin. 2018

**Other factors not included
   i.e., age, sex, anatomic site, pathologic factors, patient preferences etc. 

AJCC staging for prognostic prediction
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**Other factors not included
   i.e., age, sex, anatomic site, pathologic factors, patient preferences etc. 

AJCC staging for prognostic prediction



1. Limitation in predicting survival outcome (IIIA >IIB/C)

AJCC Prognostic Limitations 

Can we do better in aligning the 
staging system with survival outcome? 



1. Limitation in predicting survival outcome (IIIA >IIB/C)

2. Metastatic disease & death from thin melanomas

– 3-5% thin melanomas (T<1mm) develop metastatic disease1; represents 20-30% of 
melanoma deaths2,3. 

AJCC Prognostic Limitations 

1. Gershenwald, CA Cancer J Clin 2017
2. Criscione, JID 2010; 
3. Whiteman, JID 2015

(T1a <0.8mm + no ulceration)

(T2b  1-2mm + ulceration)

(T1b <0.8-1mm+ w/ or w/out ulceration)

(T2a  1-2mm + no ulceration)

Can we identify the 
3-5% high risk, 
thin melanoma patients?



1. Limitation in predicting survival outcome (IIIA >IIB/C)

2. Metastatic disease & death from thin melanomas

– 3-5% thin melanomas develop metastatic disease1; represents 20-30% of 
melanoma deaths2,3. 

3. SLNB procedure: 

– >85% patients who undergo SLNB will have a negative results

– False Negative rate between 5-21%

– Surgical complication rate (6-11%) – infection & seroma

AJCC Prognostic Limitations 

1. Gershenwald, CA Cancer J Clin 2017
2. Criscione, JID 2010; 
3. Whiteman, JID 2015

Can we identify which patients 
REALLY need the SLNB?



1. Limitation in predicting survival outcome (IIIA >IIB/C)

2. Metastatic disease & death from thin melanomas

– 3-5% thin melanomas develop metastatic disease1; represents 20-30% of 
melanoma deaths2,3. 

3. SLNB procedure: 

– >85% patients who undergo SLNB will have a negative results

– False Negative rate between 5-21%

– Surgical complication rate (11%) 

4. Adjuvant Treatment

– Stage III; IIB/C

AJCC Prognostic Limitations 

Can we identify which patients 
REALLY need the adjuvant?



1. Why do we need the GEP testing?

Can we identify the 
3-5% high risk, thin 
melanoma patients?

Can we do better in aligning 
the staging system with 
survival outcome? 

Can we identify which 
patients REALLY 
need the SLNB?

Can we identify which 
patients REALLY need the 
adjuvant?



2. Current State of Technology

SkylineDx (Netherlands and United States)

8-gene panel (+ age, thickness) (CP-GEP)

NeraCare GmbH (Germany)

11-gene panel (11-GEP) 

Castle Biosciences (United States)

31-gene panel (31-GEP)

   



Consideration In Evaluating Data
• Quality of the studies: Internal vs. external generated study. 

Retrospective vs. Prospective data.
• Look beyond the overall cohort data (e.g., sensitivity, 

specificity, NPV, PPV etc). Look at the data for individual 
cohorts by stage (e.g., Stage I vs. II) or tumor thickness

• Understand for every patient we help, we may also be 
harming other patients. Sensitivity & NPV values matter. 

• Will the test results change clinical management
• Cost



KRT9, DCD, PIP, 

SCGB1D2, 

SCGB2A2, 

COL6A6, GBP4, 

KLHL41

MLANA, GDF15, 

CXCL8, LOXL4, 

TGFBR1, ITGB3, 

PLAT, SERPINE2

BAP1, MGP, SPP1, CXCL14, 

CLCA2, S100A8, BTG1, 

SAP130, ARG1, KRT6B, 

GJA1, ID2, EIF1B, S100A9, 

CRABP2, KRT14, ROB01, 

RBM23, TACSTD2, DSC1, 

SPRR1B, TRIM29, AQP3, 

TYRP1, PPL, LTA4H, CST6

31-GEP CP-GEP

(Merlin Assay)

Discriminant genes…no overlap!

11 GEP



Development and 

Internal Validation

Retrospective Cohorts

(2015-2017)

External Validation

Retrospective Cohorts

(2018)

External Validation

Prospective Cohorts

(2017-2019)

External Validation

Retrospective/Prospective Cohorts

(2019)

31-GEP validation studies (10+)

Internal + External Validation

Retrospective Cohorts

(2018)

More Studies 
Since 2019



31-GEP Risk Stratification

Class 1
Low Risk

Class 2
High Risk

(Old Classification System)



N.B. Mixed internal/external validation cohort Gastman et al JAAD 2018 



Our primary goals:

- stage-specific performance

- external validation studies only

Our primary limitation:

- could not report hazard ratios

Marchetti MA et al. JAMA Dermatology 2020



Stage I Results – 31-GEP

4 studies, 623 patients

• 21 = recurrence, 6 (29%) 
had high-risk GEP

• 602 = no recurrence, 541 
(90%) had low-risk GEP 

Marchetti MA et al. JAMA Dermatology 2020

6/(6+15)= 29%                541/(541+61)= 90%

Sensitivity: 29%   Specificity: 90%



Definition
1. Sensitivity refers to a test's ability to designate an individual with disease as 
positive. 

2. Specificity of a test is its ability to designate an individual who does not 
have a disease as negative.

Example:

If 100 patients known to have a disease were tested, and 43 test positive, 
then the test has 43% sensitivity. If 100 patients with no disease are tested 
and 96 return a completely negative result, then the test has 96% specificity



Stage I Results – 31-GEP

Marchetti MA et al. JAMA Derm 2020

1

10

Stage 1:
T1a-< 0.8 no ulcer
T1b-0.8 to 1 
T2a: 1-2; no ulcer

2

87

Sensitivity
29%

Specificity
90%

Benefited

Harmed



Clinical scenario:

38 y.o. woman
Stage I Melanoma
Breslow 0.5mm
Right arm 

AJCC Staging

Excision 1cm margin
No SLNB procedure
No imaging



Clinical scenario:

38 y.o. woman
Stage I Melanoma
Breslow 0.5mm
Right arm 

AJCC Staging

Excision 1cm margin
No SLNB procedure
No imaging

31-GEP

Excision 1cm margin
SLNB procedure??
Imaging  ??

Sensitivity 29% - correctly id 1/3 patients with true dz, missed 2/3 patients
 How good is a test that miss 2/3 of the true dz?

Specificity 90% -correctly id 90% patients w/o true dz, falsely id 10% as having dz
 For every 1 patient we save out of 100, we have to send 10 patients for    

SLNB & possible long term imaging who really don’t need it. 



Stage II Results – 31-GEP

4 studies, 212 patients

• 72 = recurrence, 59 
(82%) had high-risk GEP 

• 140 = no recurrence, 62 
(44%) had low-risk GEP 

Marchetti MA et al. JAMA Derm 2020

59/(59+13)=82%             62/(62+78)=44%

Sensitivity: 82%   Specificity: 44%



Stage II Results – 31-GEP

28

37

6

Marchetti MA et al. JAMA Derm 2020

Stage 2:
T2b (>1mm/ no ulceration) to
T4b (>4mm) 

29

Sensitivity
82%

Specificity
44%

Benefited

Harmed



38 y.o. woman
Stage II Melanoma
Breslow 1.3mm
Right arm 

AJCC Staging

Excision 1cm margin
Yes SLNB procedure
No imaging

Clinical scenario:



38 y.o. woman
Stage II Melanoma
Breslow 1.3mm
Right arm 

AJCC Staging

Excision 1cm margin
Yes SLNB procedure
No imaging

31-GEP

Excision 1cm margin
Yes SLNB procedure
Imaging or adjuvant ?

Clinical scenario:
Sensitivity 82% - correctly id 82% patients with true dz, missed 18% patients
 How good is this test? If the test is negative, will you forgo SLNB?

Specificity 44% -correctly id 44% patients w/o true dz, falsely id 56% as having dz
 For every 28 patient we save out of 100, we have to send 37 patients for    

adjuvant or long term imaging who really don’t need it. 



Revised 31-GEP + Clinicopathologic data

Clinicopathologic info: age, Breslow, ulceration, and LN status

(Current Classification System)



Bailey et al. JCO Precis Oncol 2023



29% lower MSS mortality:
1-0.71=29%

17% lower OS mortality 
1-0.83= 17%

Absolute Difference:
2.5-1.7 = 0.8%

Absolute Difference:
6.2-5.2 = 1%



CP-GEP
• Model: age + thickness + RNA expressions of 8 genes (i.e., MLANA, GDF15, 

CXCL8, LOXL4, TGFBR1, ITGB3, PLAT & SERPINE2)

• Goal: identify MM patients who have a low risk for nodal metastasis and may 

forgo the SLNB

• Reason: SLNB procedure: 
>85% patients who undergo SLNB will have a negative results
False Negative rate between 5-21%
Surgical complication rate (6-11%). Infection & seroma. 

Bellomo et al 2020



CP-GEP

Bellomo et al 
(2020)

Mulder et al 
(2020) EU

Yousaf et al 
(2021) USA

Johansson et al 
(2021) EU

T1-T3
N= 754

T1-T3
N=175

T1-T3
N= 193

T1-T3
N= 358

Prevalence 17.0% 26.9% 20.7% 10.6%

Sensitivity 
95% CI

90.0%
91.5%

(80.1-96.6)
90.0%

(76.3-97.2)
92.1%

(78.6-98.3)

Specificity
95% CI

49%
29.7% 

(22.5-38.1)
39.9%

(32.1-48.1)
25.9%

(21.2-31.1)

PPV
95% CI

27%
32.3%

(25.0-40.7)

28.1%
(20.5-36.8)

12.9%
(9.1-17.4)

NPV
95% CI

96%
90.5%

(77.9-96.2)
93.3%

(81.7-98.6)
96.5%

(90.1-99.3)

SLNB-RR 42% 24% 33.7% 24%

RetrospectiveDiscovery



Definition
1. Sensitivity refers to a test's ability to designate an individual with disease as positive. 
2. Specificity of a test is its ability to designate an individual who does not have a disease as 
negative.
3. Negative predictive value (NPV): proportion of negative results in a test that are true  
negative results. (If a test subject has a negative screening test, what is the probability that 
the subject really does not have the disease).
 -It is highly dependent on the prevalence of the disease. % of people in a population 

(group) has the disease.
 -does not take into account the sensitivity of the test

Example:
If there were 100 subjects whose screening test was negative, and 90 of these subjects 
were in fact free of disease. The NPV of the test was 90/100 = 90%.



Utility: identify MM patients who have a low risk for nodal metastasis 

and may forgo the SLNB

NPV
95% CI

96%
90.5%

(77.9-96.2)

93.3%
(81.7-98.6)

96.5%
(90.1-99.3)

NPV 96%: out of 100 pts tested negative, and 96 pts REALLY do not have nodal mets. 
4 will have nodal mets.

  Q: will you use this test on your patient and forgo SLNB if the test is negative? 

Bellomo et al 
(2020)

Mulder et al 
(2020) EU

Yousaf et al 
(2021) USA

Johansson et al 
(2021) EU



Utility: identify MM patients who have a low risk for nodal metastasis 

and may forgo the SLNB

NPV
95% CI

96%
90.5%

(77.9-96.2)

93.3%
(81.7-98.6)

96.5%
(90.1-99.3)

NPV 96%: out of 100 pts tested negative, and 96 pts REALLY do not have nodal mets. 
4 will have nodal mets and the test would missed it.

  Q: will you use this test on your patient and forgo SLNB? 

Sensitivity 
95% CI

90.0%
91.5%

(80.1-96.6)
90.0%

(76.3-97.2)
92.1%

(78.6-98.3)

Sensitivity 90%: Out of 100 pts with nodal mets, the screening test identified 90 pts, 
And, the test missed 10 patients.

  Q: will you use this test on your patient and forgo SLNB? 

Ideal Test Need Both:
High Sensitivity
High NPV

Bellomo et al 
(2020)

Mulder et al 
(2020) EU

Yousaf et al 
(2021) USA

Johansson et al 
(2021) EU



CP-GEP
Discovery Study:
•  N=754  (2004-2018; all received SLNB)

Bellomo et al 2020

T1b sen 41%: test identified 41 out of 100 patients, but missed 59 patients w/ nodal dz. 
T2a sen 80%: test identified 80 out of 100 patients, but missed 20 patients w/ nodal dz. 



Stassen et al. Europ J. Surg Onc 20234 melanoma centers, prospective clinical trial in Netherlands



Stassen et al. Europ J. Surg Onc 2023



Eggermont AMM et al. Eur J Cancer. 2020

CP-GEP

831 patients treated with SLNB

stage I/II

Stage III

Stage III

stage I/II



Eggermont AMM et al. Eur J Cancer. 2020

CP-GEP
Monitor

Adjuvant ?

831 patients treated with SLNB

stage I/II

Stage III

Stage III

stage I/II

Monitor ?





Key Findings

• Optimistic about the future use of GEP to improve risk stratification 
• Current utility is limited by test performance in patients with stage I 

disease (70% patients)
• Significant challenges to perform clinical trials incorporating GEP 

testing w/ SLNB and adjuvant therapy
• Avoid routine use of GEP test to direct patient management
• More data is needed to support using GEP testing to inform 

recommendation regarding SLNB, Intensity of follow up, imaging 
surveillance and adjuvant therapy

Routine use of prognostic GEP testing not 
advocated by NCCN or AAD guidelines



Consideration In Evaluating Data
• Quality of the studies: Internal vs. external generated study. 

Retrospective vs. Prospective data.
• Look beyond the overall cohort data (e.g., sensitivity, 

specificity, NPV, PPV etc). Look at the data for individual 
cohorts by stage (e.g., Stage I vs. II) or tumor thickness

• Understand for every patient we help, we may also be 
harming other patients. Sensitivity & NPV values matter. 

• Will the test results change clinical management
• Cost



Summary

1. Why do we need GEP testing?

2. Current state of the technology

– Limitation & Potentials



Q&A

Sqwang01@me.com


	Slide 1: The Role of Genetic Expression Profile (GEP) In the  Management of Melanoma
	Slide 2: Disclosure.
	Slide 3: Topics
	Slide 4: AJCC staging for prognostic prediction
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13: 2. Current State of Technology
	Slide 14: Consideration In Evaluating Data
	Slide 15
	Slide 16
	Slide 17: 31-GEP Risk Stratification
	Slide 18
	Slide 19
	Slide 20
	Slide 21: Definition
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34: Definition
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43: Key Findings
	Slide 44: Consideration In Evaluating Data
	Slide 45: Summary
	Slide 46

