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Analysis of TMB and MSI Status with
TruSight™ Oncology 500
An optimized solid tumor assay with error-corrected sequencing and an informatic pipeline for
the robust analysis of tumor mutational burden (TMB) and microsatellite instability (MSI)
Introduction
Cancer immunotherapy is a powerful strategy that uses the immune
system to identify and destroy neoplasms. Successful clinical trials and
regulatory approvals have established a variety of treatments for
multiple tumor types.1 Ufortunately only a fraction of patients benefit
significantly from immunotherapy, driving a need to develop accurate
methods for differentiating responders from nonresponders.2-4
Tumor mutational burden (TMB), or the number of nonsynonymous
mutations within the coding region of a tumor genome, is an emerging
biomarker that correlates with response to immunotherapeutic agents
such as checkpoint inhibitors.2-4 While TMB has historically been
assessed by whole-exome sequencing (WES), recent studies have
demonstrated that TMB can be effectively estimated using targeted
sequencing panels covering 1.1 Mb or more of genomic content, 5,6
thereby providing methods that may be more efficient and compatible
with current cancer testing paradigms. While the clinical utility of TMB is
being defined, continuing efforts to standardize TMB calling between
laboratories and manufacturers are ongoing.
Microsatellite instability (MSI) status is an independent biomarker that is
FDA-approved for selection of solid tumors for treatment with
checkpoint inhibitors.7,8 MSI is traditionally analyzed with PCR (MSIPCR) and immunohistochemistry. However, NGS allows for the
analysis of a greater number of microsatellite loci than MSI-PCR,
presenting opportunities to identify new MSI profiles in previously
uncharacterized cancer types.9
TruSight Oncology 500 is a comprehensive next-generation
sequencing (NGS) assay targeting the full coding regions of 523 genes
implicated in the pathogenesis of solid tumors. Using enrichmentbased library preparation techniques for use with

formalin-fixed, paraffin-embedded (FFPE) samples, TruSight Oncology
500 can analyze DNA and RNA from the same sample, detecting
single nucleotide variants (SNVs), indels, amplifications, splice variants,
and fusions, in a single sequencing run.
Alongside variant detection, TruSight Oncology 500 provides the ability
to assess key immunotherapy biomarkers including TMB and MSI. The
TruSight Oncology 500 panel contains 1.94 Mb genomic content,
though the performance of TMB detection is set by analyzing SNVs
and indels in the coding regions, with sophisticated variant calling and
germline filtering algorithms for enhanced accuracy (Table 1, Figure 1).
This application note demonstrates the use of TruSight Oncology 500
for assessing TMB and MSI status, with high concordance to WES and
MSI-PCR.
Table 1: TMB features for TruSight Oncology 500
TMB detection feature

Benefits

Genomic region of > 1.1 Mb5

Larger genome footprint confers higher
TMB accuracy

Using nonsynonymous and
synonymous SNV and indels at
5% limit of detection

Increases TMB sensitivity by utilizing more
variants

Unique molecular identifiers

Sequencing error reduction guards
against incorrectly high TMB values

Post-processing

FFPE artifact reduction guards against
incorrectly high TMB values

Removal of variants in low
confidence regions

Protects against false positives resulting in
incorrectly high TMB values

Removal of driver mutations

Protects against panel design bias
resulting in incorrectly high TMB values

Germline filtering using population
databases, followed by
VAF filtering

Allows for tumor only workflow

Figure 1: TMB data analysis pipeline— After initial variant calls are processed for error reduction, TMB evaluation involves selection of variants with specific criteria.
Additional variants were filtered based on VAF and copy number. TMB = number of eligible somatic mutations per Mb (targeted region defined as high confidence regions
with ≥ 50× coverage).
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Methods
Asse ssme nt of immuno- onc ology ma rke rs with
se que nc ing of c a nc e r- re la te d ge ne s
To assess the performance of TruSight Oncology 500 for TMB
estimation and MSI status, three types of analyses were performed:
1) 1102 lung, melanoma, and colorectal cancer samples from the
Cancer Genome Atlas (TCGA) previously assessed for TMB using WES
data, were reevaluated by informatically extracting the targeted regions
in TruSight Oncology 500, and TruSight Tumor 170, from the WES data
in silico. From these simulated datasets, TMB was estimated and
compared to the original results from the full WES data.
2) Using 95 FFPE tumor samples from various tissues (Table 2), we
investigated whether TruSight Oncology 500 analysis of tumor samples
alone combined with a computational germline filtering and
background noise removal algorithm can measure TMB accurately
compared with whole-exome sequencing of tumor-normal pairs.
3) Microsatellite instability (MSI) status was assessed for 92 FFPE tumor
samples and compared to a PCR-based assay.

Libra ry pre pa ra tion a nd N GS
To compare original data from WES to TruSight Oncology 500, DNA
was isolated and aliquoted from 95 FFPE tumor-normal samples (Table
2). For each sample, libraries were prepared using the TruSight
Oncology Library Prep Kit10 followed by enrichment with either the
TruSight Oncology 500 enrichment reagents for tumor samples only, or
IDT exome enrichment reagents11 for tumor-normal pairs. All libraries
were sequenced on the NextSeq™ or NovaSeq™ Systems.
Table 2: Tumor samples analyzed with Trusight Oncology 500
and WES
Tissue type

No. of samples

Lung

26

Melanoma

11

Colon

30

Endometrium

18

Gastric

10

D a ta Ana lysis

specificity in variant calling, which is difficult to achieve in FFPE
samples. To overcome such challenges, the TruSight Oncology
500 informatic pipeline uses unique molecular identifiers (UMIs) to
reduce sequencing noise during the initial step. Reads from
complimentary strands are also collapsed through a duplex
collapsing step, which greatly reduces FFPE deamination artifacts.
Second, to further reduce FFPE false positives, a likelihood ratio
based variant filtering method is used to dynamically adjust calling
threshold based on the observed nucleotide change type, strand
and error rate in a given sample. The net effect of UMI and
likelihood ratio filtering reduces false positives in a typical FFPE
sample from ~1500/Mb to less than 5/Mb. Finally, residual
germline variants are minimized by employing a filtering strategy
using a population database to identify germline variants, and also
leveraging copy number and allele frequency information.
To calculate positive predictive values (PPV) and negative
predictive values (NPV), WES data was used as a standard, with
the assumption that WES values were 100%. Sequence data from
TruSight Oncology 500 was also used for MSI analysis. For
comparison, the same samples were analyzed with a
commercially available MSI-PCR assay (Promega). Additionally,
MSI was assessed using an internal tumor-only algorithm
examining 130 repeat loci covered by TruSight Oncology 500.

Results of in silico studies
A recent study reported that TMB can be accurately predicted
using NGS to analyze more than 1.1 Mb of genomic content.5,6 To
confirm this, WES data from 1102 TCGA samples were filtered and
analyzed in silico using content from two sequencing panels with
different amounts of targeted content: Trusight Oncology 500 and
TruSight Tumor 170 (~0.4 Mb). When using samples with all TMB
values, both TruSight Oncology 500 and TruSight Tumor 170
showed high concordance to TMB estimated from WES, with
correlation values (R2) of 0.97 and 0.89, respectively (Figure
2A,2B). When assessing samples with TMB values less than 30
mutations/Megabase (mut/Mb), TruSight Oncology 500 showed
significantly higher concordance with WES TMB estimation
(R2=0.84) than TruSight Tumor 170 (R2=0.51) (Figure 2C,2D).
These results further support the potential value of using a larger
sequencing panel for TMB analysis.

TMB in silico analysis was assessed by using WES tumor-normal
(T/N) data from a cohort of 1102 lung, melanoma, and colorectal
cancer samples from Cancer Genome Atlas (TCGA), and filtering
through content from TruSight Oncology 500 and TruSight Tumor
170 panels. The goal of in-silico analysis is to understand the effect
of panel size on TMB estimation, with the expectation that smaller
panels add more sampling noise for samples with mid-to-low TMB
scores.
TMB measurement of real FFPE samples sequenced with the
TruSight Oncology 500 assay was performed using an in-house
tumor-only pipeline designed to call small nucleotide variants and
indels while filtering germline variants and removing technical
noise. TMB estimation in FFPE samples requires extremely high
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Figure 3: Concordance between WES and TruSight Oncology 500 TMB
measurements with FFPE tumor samples.—Ninety-five FFPE tumor
samples were analyzed with both WES and Trusight Oncology 500 (TSO500).
Three outliers with TMB values > 100 mut/MB were removed in these figures
for better visualization. (A) WES TMB vs expected TSO500 TMB. Comparison
with Expected TSO500 TMB evaluation was done by filtering WES results
with TSO500 panel content, assuming identical variant calling and perfect
germline variant calling. (B) WES TMB vs observed TSO500 TMB. WES
results were compared to TSO500..

Figure 2: TMB evaluation of a TCGA cohort using targeted panel content.—
WES data from 1102 TCGA samples were filtered through the content of and
TruSight Oncology 500 (TSO500) and TruSight Tumor 170 (TST170) to
demonstrate the difference in performance with larger panels, and with
samples that have TMB values below a 30 mutations/Megabase (mut/Mb)
cutoff. (A) WES vs TSO500 with mut/Mb > 30. (B) WES vs TST170 with
mut/Mb > 30. (C) WES vs TSO500 with mut/Mb < 30. (D) WES vs TST170
with mut/Mb < 30. TCGA samples were from 4 tissues types (red =
colorectal, green = lung, blue = lung squamous cell, purple = melanoma).

Development of the TruS ight Oncology
immuno-oncology pipeline for use with
FFPE tumor samples
C ompa rison of WE S a nd TruS ight Onc ology
5 0 0 TM B me a sure me nt with FFPE sa mple s
DNA from 95 FFPE tumor samples was profiled using both WES
and TruSight Oncology 500 and the correlation of TMB estimation
was assessed. Using WES-based TMB estimation as the
reference, WES results were filtered through TruSight Oncology
500 content for a simulated comparison. The resulting correlation
(R2=0.93) between expected TMB values from TruSight Oncology
500 and WES is based on the assumption of identical variant
calling and perfect germline variant filtering (Figure 3A). When the
same WES results were compared to real data obtained from FFPE
samples run through the TruSight Oncology 500 workflow and
sequenced on the NextSeq System, high concordance (R2 = 0.92)
was also observed (Figure 3B). These results demonstrate high
concordance between TruSight Oncology 500 TMB estimation in
a tumor-only workflow and WES TMB estimation using tumornormal paired samples.

For Research Use Only. Not for use in diagnostic procedures.

FFPE Tumor samples were classified as TMB-high or TMB-low
using 10 mut/Mb as the cutoff value. Using the same method of
filtering WES results through TruSight Oncology 500 panel content,
expected TMB-high and TMB-low classifications were similar to
experimentally observed values (Table 3, Table 4).
Table 3: Classification of tumor samples as TMB-high or TMBlow (all samples)
TMB-High

TMB-Low

(expected TSO500 )

(expected TSO500 )

TMB-High (WES)

52

1

TMB-Low (WES)

5

37

TMB-High

TMB-Low

(observed TSO500 )

(observed TSO500 )

TMB-High (WES)

51

2

TMB-Low (WES)

4

38

Expected TruSight Tumor 500 (TSO500) TMB evaluation was done by filtering
WES results with TSO500 panel content, assuming identical variant calling and
perfect germline variant calling. TMB-High classification was assigned to
samples with > 10 mut/Mb.

Table 4: Classification of tumor samples as TMB-high or TMBlow (samples < 30 mut/Mb)
TMB-High

TMB-Low

(expected TSO500 )

(expected TSO500 )

TMB-High (WES)

26

1

TMB-Low (WES)

5

37

TMB-High

TMB-Low

(observed TSO500 )

(observed TSO500 )

TMB-High (WES)

25

2

TMB-Low (WES)

4

38

Expected TruSight Tumor 500 (TSO500) TMB evaluation was done by filtering
WES results with TSO500 panel content, assuming identical variant calling and
perfect germline variant calling. TMB-High classification was assigned to
samples with > 10 mut/Mb.
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Using WES TMB measurements as the standard, we set the values
from WES analysis be 100% accurate, and then calculated
percent agreement and positive predictive values using WES data
as a reference point. Concordance was similarly high between
expected and observed TruSight Oncology 500 values even when
analysis was limited to samples with < 30 mut/Mb (Table 5).
Table 5: Predictive value and percent agreement between
TruSight Oncology 500 and WES TMB measurements
All samples
TSO500
TSO500
TMB
TMB
(Expected) (Observed)

Samples with TMB
< 30 mut/Mb
TSO500
TSO500
TMB
TMB
(Expected) (Observed)

PPA

98.10%

96.20%

96.30%

92.60%

NPA

88.10%

90.50%

88.10%

90.50%

PPV

91.20%

92.70%

83.90%

86.20%

NPV

97.30%

95.00%

97.30%

95.00%

Expected TruSight Tumor 500 (TSO500) TMB evaluation was done by filtering
WES results with TSO500 panel content, assuming identical variant calling and
perfect germline variant calling. TMB-High classification was assigned to
samples with > 10 mut/Mb.
PPA = positive percent agreement (with WES TMB measurement)

Ana lysis of M S I sta tus
To demonstrate TruSight Oncology 500 performance with MSI status
analysis, the Promega MSI Analysis System was used as a comparator
assay. The PCR-based assay assessed five specific MSI marker alleles
resulting in a qualitative result of either a MSI-high or MSI-stable
phenotype, while TruSight Oncology 500 analyzed 130 MSI marker
sites to calculate a quantitative score. Results from the assays were
highly concordant. One sample classified as MSI-stable by the PCR
assay yielded a higher quantitative score by analysis with TruSight
Oncology 500 (Figure 5A).
MSI results were also compared to TMB calculations from TruSight
Oncology 500, demonstrating that MSI-high samples generally have
higher TMB for specific tissue types (Figure 5B). The level of
concordance between TMB and MSI analysis is consistent with
previous reports of high proportions of MSI-high tumors also exhibiting
high TMB in some tumor types (colon, endometrium), while other
tissues have been reported to have high TMB status simultaneously
with low MSI status (lung, melanoma).12 These results demonstrate
that TruSight Oncology 500 can be used to assess both biomarkers
from the same sample, as may be desired for specific tumor types.

NPA = negative percent agreement (with WES TMB measurement)
PPV = positive predictive value (percentage of positive results that are in
agreement with WES)
NPV = negative predictive value(percentage of negative results that are in
agreement with WES)

Re produc ibility
To demonstrate reproducibility of TruSight Oncology 500 performance
for TMB measurements, samples from FFPE tissues and cell lines were
analyzed by independent operators. Because accuracy is more of a
concern with low TMB values, samples with estimates between 0-50
mut/Mb are shown. Four operators independently processed three
replicates of each sample. Although lower accuracy is expected when
analyzing samples with low TMB values, low variations between
replicates and between operators demonstrate that the TruSight
Oncology 500 assay is highly reproducible for TMB analysis (Figure 4).

Figure 5: MSI status analysis with TruSight Oncology 500 (TSO500)—(A)
Ninety-five FFPE tumor samples were analyzed with both TSO500 and the
Promega MSI Analysis System (MSI-PCR). (B) TSO500 analysis of TMB
plotted against TSO500 analysis of MSI status. Blue dotted line indicates
samples that had high TMB scores concurrently with low MSI scores.

S ummary

Figure 4: Low TMB estimates are reproducible from TruSight Oncology
500— Samples were analyzed from three FFPE sampes and threes cell lines
(CL) with TMB values ranging from 0-50 mut/Mb. Each sample was analyzed
by 4 independent operators. Standard deviation from three replicates are
shown with each operator.
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The comprehensive nature and novel algorithms of TruSight Oncology
500 provide assessment of important cancer-related genes while also
enabling evaluation of important immunotherapy biomarkers such as
TMB and MSI status. Recent studies have demonstrated that high TMB
and positive MSI status identify patient populations that benefit from
immunotherapy.2-4,7,8 Because the financial cost of WES may be
prohibitive when developing a personalized medicine approach, there
is interest in obtaining accurate assessment of TMB with less
sequencing. In this application note we described how TMB is
detected using TruSight Oncology and evaluated its TMB detection
performance. Results demonstrate that TruSight Oncology 500
demonstrates high concordance with WES for accurate assessment of
TMB. Furthermore, evaluation of MSI status showed high concordance
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with a PCR-based assay. TruSight Oncology 500 is a highperformance assay that allows the user to evaluate TMB, MSI, and
somatic variants from the same sample and workflow.

Learn more
For more information about TruSight Oncology 500, visit
www.illumina.com/tso500

References
1.

Emens LA, Ascierto PA, Darcy PK, Demaria S4, et al. Cancer
immunotherapy: Opportunities and challenges in the rapidly evolving clinical

2.

landscape. Eur J Cancer. 2017;81:116-129.
Rizvi NA, Hellmann MD, Snyder A, et al. Mutational landscape determines
sensitivity to PD-1 blockade in non-small cell lung cancer. Science. 2015;348

3.

(6230):124-128.
Snyder A, Makarov V, Merghoub T, et al. Genetic Basis for Clinical Response

4.

to CTLA-4 Blockade in Melanoma. N Engl J Med. 2014;371(23):2189-2199.
van Allen EM, Miao D, Schilling B, Shukla SA, Blank C, Zimmer L. Genomic
correlates of response to CTLA-4 blockade in metastatic melanoma.

Science. 2015;350(6257):207-211.
Chalmers ZR, Connelly CF, Fabrizio D, et al. Analysis of 100,000 human
cancer genomes reveals the landscape of tumor mutational burden. Genome
Med. 2017;9(1):34. doi: 10.1186/s13073-017-0424-2.
6. Buchhalter I, Rempel E, Endris V, et al. Size Matters: Dissecting Key
Parameters for Panel-Based Tumor Mutational Burden (TMB) Analysis. Int J
Cancer. 2018. doi: 10.1002/ijc.31878.
7. Colle R, Cohen R, Cochereau D, et al. Immunotherapy and patients treated
for cancer with microsatellite instability. Bull Cancer. 2017;104(1):42-51.
8. FDA grants accelerated approval to pembrolizumab for first tissue/site
agnostic indication. www.fda.gov/drugs/informationondrugs/
approveddrugs/ucm560040.htm. Accessed October 12, 2018.
9. Kautto EA, Bonneville R, Miya J, et al. Performance evaluation for rapid
detection of pan-cancer microsatellite instability with MANTIS. Oncotarget.
2017;8(5):7452-7463.
10. TruSight Oncology. www.illumina.com/products/by-type/clinical-researchproducts/trusight-oncology.html. Accessed March 12, 2018.
11. Integrated DNA Technologies: xGen Exome Research Panel. www.idtdna.
com/pages/products/next-generation-sequencing/hybridization-capture/
lockdown-panels/xgen-exome-research-panel. Accessed March 12, 2018.
12. Vanderwalde A, Spetzler D, Xiao N, Gatalica Z, Marshall J. Microsatellite
instability status determined by next-generation sequencing and compared
with PD-L1 and tumor mutational burden in 11,348 patients. Cancer Med.
2018;7(3):746-756.
5.

Illumina, Inc. • 1.800.809.4566 toll-free (US) • +1.858.202.4566 tel • techsupport@illumina.com • www.illumina.com
© 2018 Illumina, Inc. All rights reserved. All trademarks are the property of Illumina, Inc. or their respective owners. For specific trademark information,
see www.illumina.com/company/legal.html. Pub. No. 1170-2018-009-A QB 6688

For Research Use Only. Not for use in diagnostic procedures.

1170-2018-009-A | 5

