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Kidney
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Oral cavity
Ovary
Pancreas
Prostate
Skin
Small intestine
Spleen
Stomach
Tonsil
Uterus
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Background
Copy number analysis in tumors is rapidly gaining importance in cancer therapy 
as a tool for differential diagnosis with impact on potential treatment.1 Although 
formalin-fixed paraffin-embedded (FFPE) blocks are common sources of material 
for both research and clinical diagnostics, DNA degradation in FFPE presents a 
major challenge for accurate measurement of copy number. We address this 
challenge using molecular inversion probes (MIPs), which capture the alleles of 
over 220,000 SNPs at carefully selected genomic locations, evenly distributed 
across the genome and with increased density within ~900 cancer-related genes. 
Another challenge of FFPE samples is the presence of normal cells in most biopsy 
samples, which affects copy number estimates. To address this problem of 
variable tumor burden, we developed the TuScan™ algorithm to estimate the 
integer copy number in the tumor at each locus. 

Methods
The TuScan algorithm, inspired by ASCAT,2 was developed to estimate the 
integer copy number in the tumor at each locus for samples processed with 
OncoScan® FFPE Assay Kit. When a major clone is responsible for the majority 
of copy number changes, the algorithm estimates the tumor burden in the 
sample and reports the integer copy number in the cancer portion only, 
effectively subtracting the normal component, thereby enabling a comparison 
between samples with different tumor burden. For highly heterogeneous samples 
or very low tumor burden, the algorithm reports the fractional (average) copy 
number of all cells within the sample. 

Results
To validate the method, 28 FFPE tumors that included copy number events 
previously determined by FISH were titrated at various percentages (80%, 70%, 
60%, 40%) with their matched normal and were analyzed for copy number 
changes using the TuScan algorithm. Given that the algorithm computes copy 
number states in the tumor portion, the same copy number state should be 
reported at each locus for each of the titration levels. Over 90% of aberrant 
markers had concordant copy number states across titration points for 26/28 
samples. For two tumor samples, the algorithms were not able to determine a 
tumor burden for the lower titration levels. 

Conclusion 
Tumor heterogeneity and normal cell contamination make it extremely 
challenging to estimate accurate copy number in the tumor portion of the 
sample. OncoScan FFPE Assay Kit provides a method to accurately measure the 
integer copy number in the tumor portion of the sample when a major clone 
responsible for copy number changes can be identified. In highly heterogeneous 
tumors, the average copy number at each locus is returned.
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Whole-genome view of a titration of a tumor sample 
with its matched normal
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Figure 1: A reference that 
establishes the baseline response 
for a normal copy number state 
at each locus was developed. 
This reference was generated by 
assessing the probe-by-probe 
response in 400 normal FFPE 
samples from over 20 sources 
covering a broad range of 
geographic locations, block ages, 
gender, and tissue of origin. 

Panel A shows the diversity of 
country of origin for the FFPE 
samples.

Panel B shows the tissue 
diversity.

The diversity of the reference 
assures accurate copy number 
calls for FFPE samples from a 
variety of tissues and origins. 

Figure 2: The TuScan™ algorithm calls integer copy number (CN) states in the tumor 
portion of the sample. An ovarian FFPE cancer sample is shown in Affymetrix®

Chromosome Analysis Suite (ChAS) Software along with the integer copy number as 
determined by the TuScan algorithm (blue line, top) and log2 ratio (colored plot, top). 
The second panel shows the same sample titrated with its matched normal at a ratio 
of 40% tumor and 60% normal. Observe the B-allele frequency track and log2 ratios 
showing the reduced tumor burden, while the copy number calls remain the same in 
the tumor portion, as expected. 

Figure 3: Zoom in to chromosome 17 (using ChAS Software) shows the sample from 
Figure 2 at three titration points: 100%T, 60%T/40%N, and 40%T/60%N. The same 
LOH region due to a loss on chromosome 17 is detected at all titration points. The BAF 
tracks clearly show four bands for the titrated samples. Samples with 40�80% tumor 
are typical for FFPE sections, where normal contamination is almost always present. 
Also shown is the TP53:p.Y220C:c659 A>G (COSM10578) somatic mutation that was 
detected by the OncoScan® algorithm at all titration points. 
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Zoom in to chromosome 17, LOH region encompassing 
BRCA1 and TP53 genes 

5

5
3

41
1

22

58

7

220

10

4 China

Germany

Moldava

Netherlands

Romania

Russia

Spain

Ukraine

United States

Vietnam

Unknown


