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Talk Outline
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2. Transcriptional Signature of Immune Surveillance 

3. Cellular Composition of the tumor immune micro-

environment (TiME) in melanoma

4. Methods to study the TME in formalin fixed archival 

tissues



The long history of cancer immunotherapy



Chemotherapy- still “20th century medicine”

Chapman et al, “Phase III multicenter randomized trial of the Dartmouth regimen 

versus dacarbazine in metastatic melanoma,” Journal of Clinical Oncology, 1999.



Pembrolizumab: Survival from Multiple Trials in 

Treatment Naïve (Light Blue) and Pre-Treated (Dark 

Blue) Patients

Schadendorf D et al. J Clin Oncol. 2015;33:1889-1894.



The clinical problem of stage II-III resectable melanoma

What do we tell the patient?

Should she take interferon or 
an experimental treatment?

Should she get scans? How 
often?

Gershenwald et al, “Melanoma 

Staging: Evidence-Based Changes 

in the AJCC 8th Edition Cancer 

Staging Manuel,” 2017 



“Is your immune system working?”



CANCER

AUTO-

IMMUNITY



Hypothesis- One of the factors increasing risk of micrometastasis is 

Weakened Immunosurveillance

Can we identify patients who have weaker immune surveillance and require additional 

immunotherapy after surgery?



Immune surveillance controls dormant tumors

Koebel et al. Nature;450:903, 2007



Transcriptional Signature of Immune 
Surveillance- Melanoma Immune 

Panel (MIP)



mRNA copy number for 446 genes in a training set of primary tumors 

from patients with resectable stage II-III melanoma
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Characteristics 
  

Training Set (N=40) 

Gender        

  

Male --

 

no.(%)   28 (70)

 

 

 Female -- no.(%)   12 (30)

 

 

      
Age median (range) -- no.

 
  

67 (29-87)
 

  
Location of tumor

 

     
Trunk --

 
no.(%)

 

  24 (60)
 

 

 Extremity --
 

no.(%) 
  16 (40)

 

 

Pathological characteristics

 

    

Depth (mm) -- median (range)*

 

 

2.7 (1.2 -13)

 

  

Ulceration

 

     

Absent --

 

no.(%)

 
  

21 (52)

 

 

 

Present --

 

no.(%)

 
  

19 (48)

 

 

Tumor-infiltrating lymphocytes

 

   

Absent --

 

no.(%)

   

7 (17)

 

  

Non-brisk --

 

no. (%)

 

 

28 (70)

 

 

 

Brisk --

 

no.(%)

 

  

5 (13)

 

Mitoses --

 

median (range)

 

!

6.5 (0-26)

 

  

! ! !     

  

 

 

 

 

  

 

 

Patient outcome

 

    

Disease progression-- no. (%)

 

    

  
21 (52)

 

    

  

 

   

  

Died from melanoma --

 

no.(%)

 

 

17 (43)

 

  Time to death -- median (range) 19 (6-81) 

  Time to censoring – median (range) 61 (25-130) 

  
 

 

Characteristics of the Training Set

* Depth is available for 39 patients.

Patient Follow-up (months)

Clinical characteristics

Stage

II --no. (%) 18 (45)

III --no. (%) 22 (55)

Sivendran et al, JID 2014



Defining Melanoma Immune Profile- a 53 immune  gene panel 

predictive of non-progression 

Sivendran et al, JID 2014



Average 
Genes Interactions 

Density
Average Local Local CC

Global CC
Global CC

 (Nodes) (Edges) Local CC  CC SE  P-value  P-value

53-gene panel network 377 1187 8.37E-3 0.0756 8.34E-3 0 0.0811 0

446-gene panel network 2259 10014 0.0355 1.57E-3 0 0.0397 0

Fold Change 4.26 2.13 2.04

1.96E-3

A B

D

C

Screen of publicly available primary melanoma expression data 
(GEO) identifies subnetwork of 758 gene module with immune 

function containing 42 out of the 53-gene immune panel

Sivendran et al, JID 2014



Confirming MIP in a third independent patient population

Receiver Operating 

Characteristic (ROC) curve 

analysis \(AUC)=0.695, 

p=0.008).

Heat map Yellow indicates 

higher expression and 

blue indicates lower 

expression of each gene 

in the color scale.

Kaplan-Meier (KM) curve 

for Distant Metastasis-Free 

Interval (DMFI) (p=0.0009)

Gartrell et al, CCR 2019



AUC curve for DSS, (n=78, AUC=0.719, p=0.004). KM curve for DSS (p=0.003). 

Confirming MIP in a third independent patient population

Gartrell et al, CCR 2019



Cellular Composition of the TiME in 
melanoma
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Tissue Segmentation



Cell Segmentation



Phenotyping







Distance of CD3+CD8+ to SOX10+ Tumor

Distance of CD3+CD8+ to CD68+ Macrophages

Representing Biology with Distance

Gartrell RD, Marks DK, Hart T, et al: Characterizing the tumor microenvironment (TME) in primary melanomas using multiplex 
immunohistochemistry (mIHC). Journal of Clinical Oncology 35:9580-9580, 2017



CD3+CD8+ Stroma CD3+CD8+ Tumor

CD3+CD8+HLA-DR+ Stroma CD3+CD8+ Distance To SOX10+Ki67-

CD3+CD8+ CTLs Correlate with DSS

Gartrell RD, Marks DK, Hart T, et al: Characterizing the tumor microenvironment (TME) in primary melanomas using multiplex 
immunohistochemistry (mIHC). Journal of Clinical Oncology 35:9580-9580, 2017



CD68+HLA-DR- Stroma

CD68+ Stroma

Density of CD68+ Macrophages Correlate with DSS

Gartrell RD, Marks DK, Hart T, et al: Characterizing the tumor microenvironment (TME) in primary melanomas using multiplex 
immunohistochemistry (mIHC). Journal of Clinical Oncology 35:9580-9580, 2017



Ratio of CD8+/CD68+ as Biomarker

Gartrell RD, Marks DK, Hart T, et al: Characterizing the tumor microenvironment (TME) in primary melanomas using multiplex 
immunohistochemistry (mIHC). Journal of Clinical Oncology 35:9580-9580, 2017



Ratio of CD8+/CD68+ as Biomarker

Gartrell RD, Marks DK, Hart T, et al: Characterizing the tumor microenvironment (TME) in primary melanomas using multiplex 
immunohistochemistry (mIHC). Journal of Clinical Oncology 35:9580-9580, 2017



CD3+CD8+ Distance to CD68+HLA-DR- Macrophages Correlates 

with DSS

Gartrell RD, Marks DK, Hart T, et al: Characterizing the tumor microenvironment (TME) in primary melanomas using multiplex 
immunohistochemistry (mIHC). Journal of Clinical Oncology 35:9580-9580, 2017



Characterization of HLA-DR- Macrophages



Comparison of Primary to Metastatic Tumors



Novel Methods to Study the TiME-
Image Analysis



And onto image analysis applying AI to tiles selected using QuPath



Univariable Cox Training, Yale, and GHS





Conclusions 

• GOAL is to provide better guidance to patients with early stage 

melanoma  and clinicians taking care of them

• The tumor immune micro-environment has a large impact on patient 

outcomes

• Using FFPE specimens, quantification of RNA transcripts of immune 

genes (Nanostring) and precise measurement of densities and spatial 

localization of cells (qmIF) provide biomarkers of clinical utility

• More accurate immune biomarkers allow for streamlined clinical trial 

design and a more personalized approach to each patient based on 

their immune parameters.

• Multiple methods are under development (RNA, protein, digital image 

analysis based) and testing is ongoing on E1697
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