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Understanding Tumor-Immune Interactions Through NGS
Using genomic assays to improve the success of immunotherapy

Tumor-Immune interactions are complex

and warrants a multi-marker approach

NGS assays broaden our understanding of the

biology beyond traditional IHC biomarkers

PD-L1

IHC

Source: Thermo Fisher Scientific



Understanding Tumor-Immune Interactions Through NGS
Using genomic assays to help improve the understanding of the success of immunotherapy

Tumor-Immune interactions are complex

and warrants a multi-marker approach

NGS assays broaden our understanding of the

biology beyond traditional IHC biomarkers

PD-L1

IHC

Source: Thermo Fisher Scientific



Promises: what and why TMB

An assessment of the number of somatic mutations within a tumor genome

What:  Tumor  Mutational  Burden  (TMB)  measures  the

number of somatic mutations per Megabase (Mb) of tumor

genome. This number should correlate to the neoantigen

burden.

Why:  The  presence  of  tumor-specific  neoantigens  is

associated with increased immunogenicity [Heemskerk B.

2013], leading to the hypothesis that tumors presenting a

higher  number  of  neoantigens  may  respond better  to

immunotherapy [Gubin MM. 2015, Schumacher TN. 2015,

Grizzi G. 2017].

.

The number of mutations

represents an INDIRECT

measure of neoantigens load.



Promises: early evidence and clinical research studies
High TMB correlates with response to ICI treatment – Whole E xome Sequencing

1Snyder et al. N Eng J Med (2014); 2Van Allen at al. Science (2015); 3Rizvi et al. Science (2015); 4Carbone et al. NEJM (2017)

Melanoma:

Genomic correlation of response to CTLA-4

blockade in metastatic melanoma1,2

Snyder 2014

TMB > 100 mut/exome
Van Allen 2015

TMB > 197 mut/exome

Rizvi 2015

TMB > 205 mut/exome
Carbone 2017

TMB > 242 mut/exome

CheckMate 026

NSCLC:
Mutational landscape determines sensitivity to

PD-1 blockade in non-small cell lung cancer 3,4



High TMB correlates with response to ICI treatment – Targeted Sequencing

- CheckMate 568 (Ramalingam, Cancer Res, 2018):

1  line PD-1 + CTLA-4 blockade (nivo + ipi), phase II.st

TMB evaluated with Foundation Medicine (TMB >10 mut/Mb)

Median PFS (TMB high vs low): 7.1 vs 2.6 months.

- CheckMate 227 (Hellman, NEJM, 2018):

1  line PD-1 + CTLA-4 blockade (nivo + ipi), phase IIIst

TMB evaluated with Foundation Medicine (TMB >10 mut/Mb)

Median PFS (TMB high vs low): 7.2 vs 5.5 months (final).

- MSK (Rizvi, JCO, 2018):

Mixed lines, PD-1 mono / + CTLA-4 blockade, retrospective

TMB evaluated with MSK assay (TMB >7.3 mut/Mb)

Promises: early evidence and clinical research studies



Feasibility: issues for the application into clinical research

What is TMB high? The assay makes the difference

Büttner R, et al. ESMO Open (2019)

Assays for TMB evaluation differ in:

- Genes (number and content)

- Coverage (genomic/exonic area)

- Variants included: SNVs + Indel or only

SNVs

- Non-synonymous only or + synonymous

- Limit of detection for mutation count (5

or 10% variant allelic frequency)

- Input required (from 20 ng to >100 ng

DNA)

- Sample type

Direct influence on TMB value

and cut-off for TMB high



Retrospective analysis of NSCLC samples treated with ICIs
Retrospective study to evaluate TMB as a potential biomarker for ICI treatment

76 clinical research samples, advanced NSCLC, 
treated with immune checkpoint inhibitors.

Retrospective research sample collection.
Tissue blocks prior to treatment.

Sample characteristics

All patients

(n = 76)

No. (%)

TMB

Low & Int

(n = 51)

No. (%)

TMB

High

(n = 25)

No. (%)

p - value

Age (yr)

Median (Range)

Sex (N)

Male

Female
Tumor histology at diagnosis (N)

Adenocarcinoma

Squamous cell carcinoma

Tumor type (N)

Primary tumor

Metastasis/ Lymph node

Tumor cell content (%)

Median (Range)

Immunotherapy (N)

Nivolumab

Pembrolizumab

Atezolizumab

Other
Number of lines before I-O (N)

First (0)

Second (1)

Third (2)

Fourth (3)

not available

Smoking status (N)

Never

Current/former

not available

PD-L1 (N)

< 1%

≥ 1%

not available

Durable clinical benefit (N)

DCB

No DCB

0.907

66 (31-90) 65 (49-79) 67 (31-90)

0.615

47 (62)

29 (38)

30 (59)

21 (41)

16 (68)

8 (32)

>0.999

70 (92)

6 (8)

47 (92)

4 (8)

23 (92)

2 (8)

0.043

47 (62)

29 (38)

36 (71)

15 (29)

11 (44)

14 (56)

0.213

60 (20 - 95) 60 (20-95) 60 (20-90)

>0.999

60 (79)

10 (13)

3 (4)

3 (4)

40 (78)

9 (18)

2 (4)

0 (0)

20 (80)

1 (4)

1 (4)

3 (12)

0.724

11 (14)

39 (51)
10 (13)

2 (3)

13 (17)

7 (14)

30 (59)

6 (12)

0 (0)

8 (16)

4 (16)

9 (36)
4 (16)

2 (8)

5 (20)

0.155

10 (13)

60 (79)

6 (8)

9 (18)

39 (76)

3 (6)

1 (4)

21 (84)

3 (12)

>0.999

28 (37)

39 (51)

9 (12)

19 (37)

27 (53)

5 (10)

9 (36)

12 (48)

4 (16)

32 (42)

44 (58)

16 (31)

35 (69)

16 (64)

9 (36)
0.013

Alborelli et al., The Journal of Pathology, 2019



Retrospective analysis of NSCLC samples treated with ICIs
Retrospective study to evaluate TMB as a potential biomarker for ICI treatment

76 clinical samples, advanced NSCLC, treated
with immune checkpoint inhibitors.

Retrospective sample collection. Tissue
blocks prior to treatment.

Target enrichment using Oncomine™ TML

Assay*

Sequencing 1000X depth of coverage.

TMB calculation based on non-synonymous
SNVs and InDels using Ion Reporter™

Software*.

• 1.22 Mb coding regions

• 409 cancer-related genes

• Low DNA input requirement (20 ng)

• Automated analysis workflow in Ion

Reporter Software*

• Detection of clinically relevant mutation

*For Research Use Only Not For Use in Diagnostic Procedures

.



The OncomineTM Tumor Mutation Load Assay
How does the TML assay compare to WES?

Consistent and robust correlation values with WES across different tumor types



Retrospective analysis of NSCLC treated with ICIs

Pre-analytical factors influence TMB estimation

Tumor Cell Content (TCC)

influences the choice of Limit

Of Detection (LOD)

*Potential deamination artefacts defined as G:C>A:T mutations with < 15% allelic frequency

High correlation between analyses

with and without inclusion of

synonymous mutations.

UDG treatment reduces

rejection rate

due to deamination artefacts*

Alborelli I., Leonards K., Rothschild S.I., Savic Prince S., et al. The Journal of Pathology, 2019



Retrospective analysis of NSCLC treated with ICIs

TMB correlates with response to ICI therapy

76 NSCLC treated with

ICIs, 32 = DCB*, 44 no

DCB, 20 ng input DNA

Oncomine™ TML

Assay, 409 genes,

1.22 Mb coding region

TMB: Non-synonymous

SNVs and indels / Mb,

using Ion Reporter™.

Correlation with ICI

response data,

predictive power

*DCB: PFS > 6 months

TMB status correlates

with response
Increased PFS and OS in

TMB-high samples
TMB distribution

In our cohort

Alborelli I., Leonards K., Rothschild S.I., Savic Prince S., et al. The Journal of Pathology, 2019



Retrospective analysis of NSCLC treated with ICIs

Molecular and clinical features associated with response

Alborelli I., Leonards K., Rothschild S.I., Savic Prince S., et al. The Journal of Pathology, 2019

Oncogenic driver mutations (EGFR, BRAF, KRAS, ERBB2)

are more likely to associate with no response.

STK11 alterations are often found in non-responders, in

combination with KRAS/KEAP1 mutations.

B2M Antigen Presentation

TAP1 Antigen Presentation

TAP2 Antigen Presentation

HLA-A Antigen Presentation

TAPBP Antigen Processing

JAK1 Resistance/Response to ICIs

JAK2 Resistance/Response to ICIs

JAK3 Resistance/Response to ICIs

STAT1 Resistance/Response to ICIs

SOCS1 Resistance/Response to ICIs

CD274 PDL1

PDCD1 PD1

PTEN Resistance/Response to ICIs

STK11 Resistance/Response to ICIs

KEAP1 Resistance/Response to ICIs



Combination of TMB and PD-L1

No correlation between PD-L1

and TMB
Improved stratification upon

combination of PD-L1 and TMB

ROC analysis confirms feasibility

of combinatorial approach

Alborelli I., Leonards K., Rothschild S.I., Savic Prince S., et al. The Journal of Pathology, 2019

*TMB alone= 64%DCB

Retrospective analysis of NSCLC treated with ICIs



Combination of TMB and PD-L1

No correlation between PD-L1

and TMB
Improved stratification upon

combination of PD-L1 and TMB

ROC analysis confirms feasibility

of combinatorial approach

Alborelli I., Leonards K., Rothschild S.I., Savic Prince S., et al. The Journal of Pathology, 2019

*TMB alone= 64%DCB

Retrospective analysis of NSCLC treated with ICIs



The future: will TMB still be relevant?

Broken Promises: OS and Keynote 189

Hellman MD, Ciuleanu T, Pluzanski A, et al. NEJM 2018; Paz-Ares L, Langer CJ, Novello S, ESMO 2019

CheckMate 227:

No significant difference in OS for

patients with TMB ≥10 mut/Mb

versus TMB <10 mut/Mb.

Keynote 189:

Pembrolizumab plus chemotherapy

showed survival benefit in TMB-

high and -low subgroups for both

squamous and non-squamous

NSCLC.

Where to go from here?



Looking at the T-Cell repertoire

A potential I/O biomarker?



Understanding Tumor-Immune Interactions Through NGS
Focusing on T-Cells

Tumor-Immune interactions are complex

and warrants a multi-marker approach

NGS assays broaden our understanding of the

biology beyond traditional IHC biomarkers

PD-L1

IHC

Source: Thermo Fisher Scientific



K. Leonards , T. Looney , I. Alborelli , S. Rothschild , S. Savic Prince , K. Mertz , A. Zippelius , L. Bubendorf , P. Jermann1 2 1 3 1 4 5 1 1

(1) Pathology, University Hospital Basel (2) Thermo Fisher Scientific, (3) Oncology, University Hospital Basel, (4) Pathology , Cantonal Hospital Basel-Landschaft, (5) DBM Cancer Immunology, University Hospital Basel

TCR-beta repertoire convergence and evenness are associated with response to immune checkpoint inhibitors

V-Gene CDR3 AA CDR3 NT Frequency

TRBV7-8  ASSLGQAYEQY  GCCAGCAGCTTAGGTCAGGCATACGAGCAGTAC 1.8E-03

TRBV7-8  ASSLGQAYEQY  GCCAGCAGCTTGGGACAGGCCTACGAGCAGTAC 4.8E-04

TRBV7-8  ASSLGQAYEQY  GCCAGCAGCTTAGGGCAGGCCTACGAGCAGTAC 9.9E-05

V-Gene CDR3 AA CDR3 NT Frequency

TRBV7-8  ASSLGQAYEQY  GCCAGCAGCTTAGGTCAGGCATACGAGCAGTAC 1.8E-03

TRBV7-8  ASSLGQAYEQY  GCCAGCAGCTTGGGACAGGCCTACGAGCAGTAC 4.8E-04

TRBV7-8  ASSLGQAYEQY  GCCAGCAGCTTAGGGCAGGCCTACGAGCAGTAC 9.9E-05

TCR Convergence

Measures TCRs with identical AA sequence but different NT sequence

TCR Evenness

Measures clonal uniformity

*For Research Use Only Not For Use in Diagnostic Procedures

.



TCR Convergence and Evenness are associated with clinical outcome of immune checkpoint inhibitor therapy.

*DCB: Durable Clinical Benefit (PFS > 6 months)

TCR-beta repertoire convergence and evenness are associated with response to immune checkpoint inhibitors
K. Leonards , T. Looney , I. Alborelli , S. Rothschild , S. Savic Prince , K. Mertz , A. Zippelius , L. Bubendorf , P. Jermann1 2 1 3 1 4 5 1 1

(1) Pathology, University Hospital Basel (2) Thermo Fisher Scientific, (3) Oncology, University Hospital Basel, (4) Pathology , Cantonal Hospital Basel-Landschaft, (5) DBM Cancer Immunology, University Hospital Basel



TCR Score
P = 0.06, wilcoxon

TCR Score vs. TMB ROC Analysis

(single biomarker vs multivariate)

TCR repertoire features and response to immune checkpoint inhibitors

Logistic Regression Model combining Evenness and Convergence performs best

*DCB: PFS > 6 monthsResearch Use Only. Not for use in diagnostic procedures.



TCR Score
P = 0.06, wilcoxon

TCR Score vs. TMB ROC Analysis

(single biomarker vs multivariate)

TCR repertoire features and response to immune checkpoint inhibitors

Logistic Regression Model combining Evenness and Convergence performs best

*DCB: PFS > 6 monthsResearch Use Only. Not for use in diagnostic procedures.

Multi-Biomarker approach may yield highest predictive

power.



What’s in store for the future?

First-hand experience with the new Genexus Integrated Sequencer



The OncomineTM Assay Workflow

A step-by-step overview

Property of the University Hospital of Basel

Currently 5-7 days from sample to report

FFPE Block
DNA / RNA
Extraction

Library
Preparation

Sequencing
Data

Analysis

*For Research Use Only Not For Use in Diagnostic Procedures

.



The Future of Diagnostic NGS in Basel
The new Genexus Integrated Sequencer

✓Fully automated library-prep, sequencing, and analysis

✓From sample to report in 1 day

✓Cost-efficient scaling from 1 to 32 samples per run

✓only 10ng input material

Oncomine™ Precision Assay for tissue and liquid biopsies

50 Genes Fusion Detection Molecular Tagging Tissue and Plasma

•

•
Mutations, CNVs, and fusions
Driver and resistance variants

•

•
Targeted isoform design
Novel fusion detection

•

•
Enhanced sensitivity
Key for liquid biopsy

• One assay, multiple sample types

*For Research Use Only Not For Use in Diagnostic Procedures

.



The Future of Diagnostic NGS in Basel
The new Genexus Integrated Sequencer



Highly reduced turnaround time

The Genexus System

FFPE Block
DNA / RNA
Extraction

Library
Preparation

Sequencing Data Analysis

FFPE Block DNA / RNA
Extraction

Library Prep. /
Seuqencing /
Data Analysis

The Present

5-7 days TaT

The Future
1-2 days TaT

*For Research Use Only Not For Use in Diagnostic Procedures

.



First experience in Basel

The Genexus System

• Up to 60 million reads per chip, divided in 4 lanes

• Each lane can be run separately

• Chip and reagents stable on-instrument for 1 month



The Oncomine Precision Assay on Tissue samples

The Genexus System

Fully automated IR-like data analysis pipeline included in Torrent Suite Software



Improved 5’ 3’ Imbalance Assay

The Genexus System

Imbalance detected

No imbalance



Liquid Biopsy using the Oncomine™ Precision Assay

The Genexus System

Same assay can be used for Liquid Biopsy due to AmpliSeq HD technology



What will it change in practice?

The Genexus System

• Shorter Turnaround time →Overnight NGS results together with ICH →Quicker

treatment decisions

• Fully automated library prep to result workflow →Reduced workload on lab staff,

easy to set-up in new lab

• Chip reusable →Cost efficient sample volume scaling


