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Overview Building a Comprehensive Cancer Reference Standard
A major challenge in gaging the accuracy of genome sequencing assays and analyses is the choice of a gold We saw a need to create a cancer reference standard set after finding public- and commercially-available
standard reference that can be used as “ground truth”. While great strides have been made in creating a reference standards to fall short of our requirements. This is how we created a comprehensive cancer
reference standard for germline genome sequencing, these “normal” reference standards are not adequate reference standard that accounted for the plethora of cancer mutation types and tested limits of detection.
for cancer sequencing and analysis. Cancer has unique features, including tumor heterogeneity, sample purit
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issues, fixation with formalin, and unusual variant types such as gene fusions and complex copy number
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alterations (CNAs). We procured a number of cell lines containing known TR, mall Variants
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In the creation of our own large NGS cancer panel, the ACE Cancer Panel, we sought to assess sensitivity, variants for validation: gidgavsgey 1> | ©OPy Number Alterations (CNAS)
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accuracy, and precision of variant calling in the context of the unique features of cancer samples. We Tumor Heterogeneity (LOD) G550
therefore created a cancer genomic standard set using well described cancer cell lines. Heterogeneity and To simulate t
sample purity are major factors in cancer testing, and these must be assessed in limit of detection (LOD) tests. O simuiate tumor - 21 cancer cell lines with Mix cell lines In equal ratlos to achieve
heterogeneity, cell lines known cancer variants particular allelic representations

We mixed cell lines at particular ratios to simulate these LOD for small variant analysis. For CNAs, we mixed
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cancer cell lines with known CNAs with their paired normal cell lines as well. ng si A2058 | Melanoma
. . . . . were mixed in the As3l E =pidermoid <5% allelic representation
This study defines the particular needs of a cancer genomic standard set and demonstrates the complexity following ratios: A498 | Renal —E A1 21 coll Ines mixed at acual rtios
involved in fully assessing the accuracy of a cancer NGS assay. A549  Lung § 5 — 95% allelic representation
BT-474 E Breast Ductal E 2 cell lines mixed at unequal ratios (five pools)
HCT-15 | Colorectal P
The ACE Platform BRAF HCT-116 E Colorect] EE - 5—19% gllellc reprgsentatlon
HT29 E Colon EE 10 cell lines mixed at equal ratios (two pools)
The impetus for creating a cancer genomic standard came when K562  Leukemia R
we were attempting to clinically validate our ACE sequencing NF1 M LNCaP CLONE FGC | Prostate il
platform, described here. MCF7 | Breast il
Kasumi-1 | AML R
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Many cancer genes contain gaps in sequencing coverage OVCAR-3 [ Ovarian By | FHU i . .
. TP53 = 10 — 20% allelic representation
Wlth Standard NGS We developed an augmented target PC-3 E Prostate EEEE T 5 cell lines mixed at equal ratios (four pools)
enrichment strategy optimized to fully sequence all targeted SKMEL-28 % Melanoma %%%% _|:i
. . . . MAP2K1 SK-MEL-3 Melanoma
ggnes. This gpproach mclqdes.multlple enrichments and custom _ 1470 § Breast Ducta — i i E 25 _ 50% allelic representation
O|IgOnUC|eOtIdeS tO deal W|th h|gh‘GC COntent and Cha”eng|ng USTMG E Glioblastoma E 2 cell lines mixed at equal ratios (three pools)
regions. In the augmented exome, over 8,000 medically relevant Figure 1. Sequencing coverage of select COLO-829 || Melanoma
genes are enhanced for improved coverage. This augmented cancer genes with a standard (blue) and v v
approach is also applied in our cancer gene panel, including over our augmented exome (green).
1300 cancer genes Sequence all cell lines to Sequence all pools to determine
) establish baseline sensitivity sensitivity and positive predictive value
and positive predictive value at particular allele frequencies
Augmented Exome and Targeted Gene \ DNA RNA Figure 3. Pooling scheme — limit of detection for small variants.
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Wh”e an augmented exome is suited for . E, Mv TLI mor PLI rity 5 cancer cell lines with 5 cell iines mixed in pairs at particular ratios to
discovery projects, a targeted panel provides SR paired normal cell lines simulate reduced purity for CNA validation
a cost-effective method to investigate relevant @ T PTTTTTTTTTTTTTTT T Tumor biopsies are frequently NCHH2126 | NCiH2126 BL T N
genes at high depth. We created a targeted g, contaminated with surrounding Heenay f | Heens7 L B4+ T= 10% twmor purity
. . . HCC1395 HCC1395 BL 10% 90%
cancer panel that covers over 1300 cancer ** A Standard normal tissue. To simulate different CL00 gg NCLH2000 BL
. . ancer . . T N
genes and 200 miRNA at high depth (>500X). Panel levels of normal contamination, cell NCHH2122 | | No-H2122 BL § |
. . Cancer Gene . L. . i + i o 20% tumor purity _
This panel interrogates all known cancer genes Compendium: lines containing CNAs were diluted 20% 80% SEIEEREERS
. L. . . >1300 ) Low (100-150X) High (=500X) . . . v perform paired somatic analysis
with therapeutic implications, frequently mutated ( genes Depth of Coverage according to the following: T N to datermine sensitivity and
genes, and genes in commonly perturbed cancer f Seguence all. cell inesand ij" ioz 30% tumor purity ’ positive predictive value for
’ . . perform paired somatic analysis 30% 70% each variant type in paired
pathways. We integrate RNA analysis to both Figure 2. Depth of coverage versus gene content (number of to establish baseline sensitivity T N analysis at particular purities
augmented exome and targeted panel approaches to genes) trade-off when considering cancer NGS. and positive predictive value for F+ = 50%tumor purity
enhance discovery each variant type in paired analysis 50% 50%
' T N
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Figure 4. Dilution scheme — limit of detection for copy number alterations.

The Current State of Commercial Reference Standards

There are a number of commercially available reference standards for cancer, largely focused on small . N . . . _ , .
variants at various variant allele frequencies (VAFs). For a preliminary investigation of the accuracy of our ACE ~ We identified fifteen cell lines known to contain fusion events that had also been identified by at least two

Cancer Panel’ we used Horizon Diagnostics FFPE reference Standards because they had been exposed to indepehdent StUdieS. These events inCIUded ALK fUSiOnS, BCR'ABL1 and ROS1 fUSiOI’]S. The Ce” |ineS and
formalin and were more representative of samples we would process in our labs. tumor tissue are:

Gene Fusions

Horizon (FFPE) Cell Lines Used for Gene Fusion Events

. . . . Cell Li Cancer T Cell Li Cancer T Cell Li Cancer T Cell Li Cancer T
. 20 variants (16 SNVs, 4 indels) at frequencies ranging from 5% to 33.5% eltine ancer 1ype el tine ancer Type el tine ancer Type elitine ancer Type

REF A431 Epidermoid HCC78 Lung LNCaP CLONE FGC | Prostate SR Lymphoma
- Numerous major clinical variants, including BRAF V60O0E at 10.5%, KRAS G13D at 15%, KRAS

A498 Renal K562 Lukemia MCF7 Breast THP-1 AML
G12D at 6% . . -
A673 Ewing’s Sarcoma Kasumi-1 AML NCI-H2228 Lung U937 Histolytic Lymphoma
- 13 variants (12 SNVs, 1indel) at frequencies ranging from 5% to 50% HCC38 Breast Ductal LA-2/ad Lung SJCRH30 Rhabdomyosarcoma
KRASH - 4 major KRAS variants (G13D, G12D, Q61H, A146T) at 5%

. 2 major NRAS variants (G12V, Q61K) at 5% Results of Testing Against a Comprehensive Cancer Reference Standard

. . . Calculating Limits of Detection
- 8 variants (8 SNVs) at frequencies ranging from 5% to 66.7%

EGFRH . 4 major EGFR variants (L861Q, L858R, T790M, G719S) at 5% Analytical Sensitivity Analytical Sensitivity = TP*100/(TP+FN)
LOD Sensitivity Positive Predictive Agreement (PPA) = TP/(TP+FN)
RKOH « 8 variants (8 SNVS) at frequencies ranging from 1% to 66.7% LOD Sensitivity Positive Predictive Value (PPV) = TP/(TP+FP)
- 4 major EGFR variants (L861Q, L858R, T/90M, G719S) at 1% Overall Validation Results Summary
Sensitivity
ONC434H - 1EGFR exon 19 deletion (E746-A750) at 50% Base Substitutions MAE >5% 5999%
Indels MAF >5% >99%

Copy Number Alterations 96%

We detected all known variants in these reference standards, leading us of a sensitivity of 100%. While o
py number > 8 or 0O)

standards of this type have some utility, they are not adequate for truly evaluating the limits of detection
because they only include a relatively small number of variants, and they only include small variants to boot.
Thus, there is a need for samples containing the full spectrum of mutation types and frequencies to represent

the context of actual biopsies and samples received for processing. These high percentages for sensitvity and specificity enabled us to validate our ACE Cancer Panel platform
for detection of all major cancer variant types at a confidence level far beyond that with available reference
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