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What is precision oncology?

Precision oncology is governed by 
the principle that select molecular 
alterations that increase cancer cell 
fitness, so-called drivers, may 
represent therapeutic vulnerabilities 
and opportunities for prognostic or 
predictive assays.

1. Repetto, Cancer Discv, 2024; 2. Tang, Trends in Can., 2024 
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What about precision immuno-oncology?
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Tumor infiltrating lymphoctyes

Sariak, Can Cell, 2024 
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Tumor infiltrating lymphoctyes
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Tumor infiltrating lymphoctyes
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mRNA-4157 (V940)

• Cells from the patient's tumor are 
analyzed, and genetic sequencing is 
used to identify neoantigen epitopes 
that may elicit the strongest immune 
response in the patient.

• The sequences encoding the 
patient-specific epitopes are 
transcribed and loaded onto a single 
mRNA molecule.

Merck
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mRNA-4157 (V940)

• Upon administration, mRNA-4157 is taken up 
and translated by antigen presenting cells 
(APCs).

• Then, the expressed epitopes are presented via 
MHC molecules on the surface of the APCs.

• Induces cytotoxic T-lymphocyte- and memory T-
cell-dependent immune responses that 
specifically target and destroy the patient's 
cancer cells that express these neoantigens.

1. NCI Drug Dictionary. mRNA-4157. Accessed June 2021. 2. Bauman JE et al. Presented at SITC 2020.
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This inform ation concerns investigational products and/or investigational uses of approved products, the safety and effectiveness of w hich have not been 
established. 

Objectives: Phase 2, randomized, open-label study to assess whether postoperative adjuvant therapy with mRNA-4157 
(V940) and pembrolizumab improves RFS compared to pembrolizumab alone in patients with complete resection of 
cutaneous melanoma and a high risk of recurrence1-4

NCT03897881 KEYNOTE-942: Study Design

§ Stage IIIB,a IIIC, IIID, or IV resectable 
cutaneous melanoma metastatic to a 
lymph node and at high risk of recurrence 

§ Complete surgical resection within 13 
weeks prior to first pembrolizumab dose

§ Disease free at study entry (after surgery) 
with no loco-regional relapse or distant 
metastasis and no clinical evidence of 
brain metastases

§ Tissue available for next-generation 
sequencing

§ ECOG PS 0 or 1

§ Normal organ and marrow function 
reported at screening

Glossary

Until disease 
recurrence, 

unacceptable toxicity, 
or up to approximately 

1 year of treatment

RFS follow-up: up to 3 
years following the first 
dose of pembrolizumab

R
2:1

§ Disease stage (per 
AJCC 8th edition) 

Stratification Factor

§ RFSc (ITT population)

Primary Endpoint

§ DMFSd

§ Safety and tolerability

Secondary Endpoints

mRNA-4157 (V940) 1 mg IM Q3W (up to 9 doses) + 
Pembrolizumab 200 mg IV Q3W (up to 18 cycles)b 

(n = 107)

Pembrolizumab 200 mg IV Q3W x 18  cycles
(n = 50)

• Median follow-up (Data cut off: November 14, 2022): 23 months for mRNA-4157 (V940) + pembrolizumab and 24 months for pembrolizumab only
• The study had 80% power to detect an HR of 0.5 with ≥40 RFS events (with a 1-sided alpha of 0.1)

aPatients with Stage IIIB disease were eligible only if relapse occurred within 3 months of prior surgery of curative intent bPatients assigned to the combination arm received pembrolizumab 200 mg IV (typically two 3-week cycles) while mRNA-4157 is being manufactured. The combination treatment period began upon availability of mRNA-4157 (V940). The first dose of mRNA-4157 (V940) was administered with the next dose of pembrolizumab to achieve synchronous combination dosing in 21-day cycles. 
Typically, the first dose of mRNA-4157 (V940) was administered with the third dose of pembrolizumab but the first dose of mRNA-4157 (V940) may also have been delayed until the fourth or fifth dose of pembrolizumab3 cInvestigator-assessed RFS was defined as the time from first dose of pembrolizumab until the date of first recurrence (local, regional, or distant metastasis), a new primary melanoma, or death from any cause in the ITT population. dInvestigator assessed DMFS was defined as the time from first 
dose of pembrolizumab until the date of first distant recurrence or death from any cause. DMFS analysis was prespecified for testing fo llowing positive RFS in the ITT population. 

1. ClinicalTrials.gov. https://clinicaltrials.gov/ct2/show/NCT03897881. Accessed May 30, 2023. 2. Khattak A, et al. Presented at AACR 2023. 3. Merck. Data on file. 4. Khattak A, et al. Presented at ASCO 2023.
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This inform ation concerns investigational products and/or investigational uses of approved products, the safety and effectiveness of w hich have not been 
established. 

NCT03897881 KEYNOTE-942: RFS (ITT 
Population)1,2

Glossary
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Median follow up: 23 months (combination arm); 24 months (monotherapy arm). Data cutoff: November 14, 2022.

aThe hazard ratio and 95% CI for mRNA-4157 (V940) plus pembrolizumab versus pembrolizumab is estimated using a Cox proportional hazards model with treatment group as a covariate, stratified by disease stage (stages IIIB or IIIC or IIID vs stage IV) used for randomization. The P value is based on a 1-sided log-rank test stratified by disease stage (stages IIIB or IIIC or IIID vs stage IV) used for randomization. 

1. Khattak A, et al. Presented at AACR 2023. 2. Khattak A, et al. Presented at ASCO 2023.

Primary Endpoint
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Can we capture all aspects of precision-oncology?
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Is more data better for precision oncology?

Tang, Trends in Can., 2024 
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A platform to model NK cell-cancer cell interactions

Chan et. al., Journal of Cell Biology, 2020; Chan and Ewald, Methods in Molecular Biology, 2022; Cornelius et. al.,..Chan, JoVE, 2022; Lake et. al.,..Chan, Front. Dev. Biol., 2024

No NK cells +NK cells +/- drug
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Are 43 proteins enough?
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Incorporate multiple gene signatures into prediction

Wolf, Cancer Cell., 2022
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Interpreting multi-modal data

Chang, Nat Can., 2024 
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Philosophical questions

• How much complexity is required to model human tumor biology? 
What is truth?

• How accurately do these models capture temporal changes that 
occur within microenvironments?

• What are the key cellular and architectural components within a 
tumor that influences treatment response?
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Systems-biology approaches 
for precision immuno-oncology
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Intratumoral heterogeneity influences ICI response

• Different immune cell types, patient 
selection, and intratumoral 
heterogeneity (ITH) influence ICI 
response1.

• ITH is negatively correlated with 
response to ICI2,3. 

• How cancer epithelial cell 
heterogeneity influences immune 
interactions remains underexplored.

McGranahan et al., Science 2016.

1 Cortes et al., NEJM 2022; 2 Wolf et al., Clin Cancer Res 2022; 3 McGranahan et al., Science 2016.
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Large single-cell RNA-seq reference dataset of breast tumors

Xu, Saunders, and Huang et. al.,..Chan, Cell Reports Medicine, 2024
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Cancer epithelial cell heterogeniety is driven by 
factors beyond traditional molecular subtypes
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Cancer epithelial cell heterogeniety is driven by 
factors beyond traditional molecular subtypes

HER2+ HR+ TNBC

Each column is a sample
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Cancer epithelial cell heterogeniety is driven by 
factors beyond traditional molecular subtypes
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Varying degrees of molecular subtype heterogeneity exists across samples
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Cancer epithelial cell heterogeniety is driven by 
factors beyond traditional molecular subtypes
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Single-cell transcriptional heterogeneity varies across samples

Heterogeneous

Heterogeneity

Homogeneous

Molecular Subtype
Basal

Her2E 

LumA

LumB

mailto:Isaac.chan@utsouthwestern.edu


isaac.chan@utsouthwestern.eduThis presentation is the intellectual property of the author/presenter. Contact them at isaac.chan@utsouthwestern.edu for permission to reprint and/or distribute.

Cancer epithelial cell heterogeniety is driven by 
factors beyond traditional molecular subtypes
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Discordance between molecular subtypes and single-cell transcriptional 

heterogeneity occurs in approximately 33% of samples
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Cancer epithelial cell heterogeniety is driven by 
factors beyond traditional molecular subtypes
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How does cancer epithelial cell heterogeneity 
influence immune interactions?

Breast Tumor

Cancer cells

Immune cells

Hypothesis: Each 

interaction is 

different
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Cancer epithelial cell heterogeneity can be defined 
by 10 gene signatures

Leveraging this dataset, we generated an exhaustive collection of 10 gene 
signatures that reflect molecular features of different cancer epithelial cell clusters.

Unsupervised + 

supervised 
clustering analysis

Consensus clustering shows 

10 gene signatures define 

cancer epithelial cell 

heterogeniety
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Created a ‘decoder’ to predict cancer cell-immune 
interactions based on cancer epithelial cell heterogeneity 

• Heterogenous breast cancer cells 
can be defined into 10 GEs.

• We predict immune interactions for 
each GE.

• GEs 1, 5, and 6 are predicted to 
be most interactive with T cells and 
NK cells

• Validated experimentally and using 
spatial transcriptomics.
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Spatial mapping of cancer epithelial cells validates 
predicted interactions

• Areas with elevated GE5 expression were enriched for CD8+ T cells. 

Areas with GE-5 labeled cells Areas with CD8+ T cells

Primary breast tumor Primary breast tumorPrimary breast tumor

H&E
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Spatial mapping of cancer epithelial cells validates 
predicted interactions
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Applying InteractPrint to CD8+ T cells to predict 
response to anti-PD-1 therapy
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Applying InteractPrint to CD8+ T cells to predict 
response to anti-PD-1 therapy
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Applying InteractPrint to CD8+ T cells to predict 
response to anti-PD-1 therapy
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T Cell InteractPrint predicts response in 
pembrolizumab-treated primary breast tumors

• In this trial, T Cell 
InteractPrint predicted 
response to anti-PD-1 
therapy with an AUC of 
81.9 (p < 0.01).
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4 Bassez et al., Nat Med 2021.
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T Cell InteractPrint predicts response to anti-PD-1 
therapy in I-SPY2

• In I-SPY2, T Cell 
InteractPrint predicted 
response to anti-PD-1 + 
neoadjuvant chemo 
with an AUC of 84.0 
(p < 1 x 10-6).

p-value = 3.3 x 10 -7
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5 Nanda et al., JAMA Oncol 2020.

mailto:Isaac.chan@utsouthwestern.edu


isaac.chan@utsouthwestern.eduThis presentation is the intellectual property of the author/presenter. Contact them at isaac.chan@utsouthwestern.edu for permission to reprint and/or distribute.

GE5 is enriched in IO responders
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Single-cell spatial transcriptomics to improve InteractPrint
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GE5 and GE6 on patient samples (Xenium)

GE5 GE6 GE5 GE6 GE5-GE6

RCBIII, pre-treatment
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GE5 and GE6 on patient samples (Visium)

RCBIII, pre-treatment
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Brown = GE5 cancer cells

Purple = T cells

Green = NK cells

Goal: Identify precise interactions
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Future Directions – achieving precision IO 

Use our InteractPrint to 

deconstruct ITH

Validate predicted 

interactions for other 

cell types

Cancer cell 1

Cancer cell 2

Immune cell 1

Immune cell 2

?

?

Predict and assess 

response to new 

immunotherapies

Will respond to new 

immunotherapies

Will not respond to new 

immunotherapies
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Thank you!
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