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Background

In the last several years, a variety of genetic tests have become 

available directly to consumers for both specific condition 

determination and genome-wide assessment. Genome-wide testing 

services genotype 600,000 – 1 million variants or SNPs (single 

nucleotide polymorphisms), the specific locations of possible 

mutation. These data may then be applied to predict overall risk

susceptibility to health conditions and response to pharmaceuticals. 

Cancer conditions reviewed in Consumer Genomic Services

Figure 2

Composite values for overall condition risk and drug response are 

not shown here. For health condition risk, consumer genomic 

companies typically take the product of all of the individual Odds 

Ratios/Relative Risk Ratios and compare this to the average 

population risk for the condition to determine whether an individual 

is at higher or lower risk.1 An Odds Ratio above 1.0 generally 

means higher than average risk, but may not be clinically relevant 

unless it is over 1.5 or 2.0. For drug response and dosage, 

algorithms are applied as the next step in determining what may be 

appropriate for a given individual. Population-specific information 

may also be included in the clinical application of these data.

The five leading genome-wide services review health risk 

susceptibility for twenty-two cancer conditions (Figure 1).

Conclusions

Many years of decreasing prices in DNA sequencing have helped 

to create the era of personal genomic analysis. Increasing amounts 

of personal genomic information could likely become available for 

use by researchers, physicians, and individuals, particularly if

exome sequencing and whole human genome sequencing become 

standard. There is an immediate opportunity to apply personal 

genomic data in research and clinical settings. Genomic data could 

allow unprecedented refinement in the understanding and 

treatment of disease, and be especially useful when integrated with 

other health data streams in the realization of preventive medicine. 
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Unified Genomic Reports: Health Risk and Drug Response

Figure 1

It is now starting to be possible to have a patient's genomic profile 

available to review health condition risk and predict drug response. 

Figures 3-6 provide an example of the variants that are currently 

being assessed in ovarian, prostate, pancreatic, and lung cancer, 

including the real genotyping data of a sample patient, and how the 

information might be interpreted. Ovarian cancer and pancreatic 

cancer are more sparsely covered than prostate cancer.
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Overview of Multigenic Risk Assessment

Determining carrier status may be straightforward, but applying 

genomics to complex common disease conditions is more 

challenging. There are thousands of GWAS (genome-wide 

association studies) linking one or more variants with disease. 

Numerous variants may be associated with a particular disease, for 

example, 34 variants in 22 loci in Prostate Cancer (Figure 2). 

Different companies have different criteria for selecting underlying 

research studies which leads to different loci and variants being 

included in their analyses. Questions arise as to which are the most 

important variants, whether all variants should be included and 

have equal weighting, and how to derive a quantitative composite

risk score for the overall condition.1 There is yet to be scientific 

agreement on these topics. In the interim, the important variants 

may be identified by the number of companies reviewing the 

variant, the P-value of the variant’s association strength (P-values 

below 5x10-8 are desirable), and the quality of the cited studies.

1Swan, M.; Multigenic condition risk assessment in direct-to-

consumer genomic services.; Genet Med; 2010 May;12(5):279-88. 

DIYgenomics (http://www.diygenomics.org): personal genomic 

information for 20 health conditions and 250 pharmaceutical drugs
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Consumer genomic service coverage of cancer conditions

Cancer condition 2 D N PG GE

1 Cancer, Basal Cell Carcinoma X X

2 Cancer, Bladder X X

3 Cancer, Brain (Glioma) X

4 Cancer, Breast BRCA Mutations (selected) X

5 Cancer, Breast X X X X

6 Cancer, Breast Risk Modifiers X

7 Cancer, Colorectal X X X X X

8 Cancer, Esophageal X

9 Cancer, Gastric from H. pylori X

10 Cancer, Larynx X

11 Cancer, Leukemia X

12 Cancer, Lung X X X X X

13 Cancer, Cutaneous Melanoma/Melanoma X X X

14 Cancer, Neuroblastoma X

15 Cancer, Oral and Throat X

16 Cancer, Ovarian X

17 Cancer, Pancreatic X

18 Cancer, Pancreatic, survival in X

19 Cancer, Prostate X X X X X

20 Cancer, Stomach X X

21 Cancer, Testicular X

22 Cancer, Thyroid X X

Total cancer conditions reviewed 15 11 6 6 5

Total conditions reviewed 141 49 40 71 84

Service price to consumers (May 23, 2010)  $   429  $2,000  $   999  $   299  $1,195 

Sources: Legend: 

https://www.23andme.com/health/all 2 23andme

http://demo.decodeme.com/health-watch D deCODEme

http://www.navigenics.com N Navigenics

http://www.pathway.com/dna-reports/full-list-of-conditions PG Pathway Genomics

http://www.geneessence.com GE Gene Essence

Company

Side-by-side comparison of loci, genes, and variants reviewed for Prostate Cancer

Rows highlighted to improve readability; grouped by locus/gene

Locus Gene Variant D N 2 PG P-value

1 2p15 EHBP1 rs2710646 8 n/a

2 2p15 EHBP1 rs721048 8 X 8 x 10
-9

3 2q31 rs10207654 4 n/a

4 3p12.1 SLC22A3 rs2660753 11 X 3 x 10
-8

5 3q21.3 rs10934853 9 3 x 10
-10

6 4q24 TET2 rs7679673 4 3 x 10
-14

7 5 TERT rs401681 12 X 7 x 10
-7

8 6q25.3 SLC22A3 rs9364554 11 X 6 x 10
-10

9 7 JAZF1 rs10486567 17 17 X 2 x 10
-6

10 7q21.3 LMTK2 rs6465657 11 X 2 x 10
-8

11 8p21 NKX3.1 rs1512268 4 3 x 10
-30

12 8q24 rs10086908 1 n/a

13 8q24 region 1 rs1447295 6 20 2,3,5,6,14,15,16,18,20,22 X 2 x 10
-14

14 8q24 region 2 rs6983561 X n/a

15 8q24 region 2 rs10505483 6 3,6,10,13,19,22 n/a

16 8q24 region 2 rs16901979 6 1 x 10
-12

17 8q24 region 2 rs7817677 3,6,10,13,19,22 n/a

18 8q24 region 3 POU5F1P1 rs6983267 20 20 3,10,20,21,22 X 9 x 10
-13

19 8q24.21 rs620861 9 n/a

20 8q24.21 rs16902104 9 n/a

21 9 DAB21P rs1571801 X n/a

22 10q11.23 MSMB rs10993994 17 X 7 x 10
-13

23 10q26.13 CTBP2 rs4962416 17 X 2 x 10
-7

24 11p15 IGF2/etc. rs7127900 4 3 x 10
-33

25 11q13 rs7931342 X 2 x 10
-12

26 11q13 rs10896449 17 17 2 x 10
-9

27 17q12 HNF1B rs7501939 X 9 x 10
-12

28 17q12 TCF2 rs4430796 7 7 7,22 1 x 10
-11

29 17q24.3 rs1859962 7 7 7,22 X 2 x 10
-16

30 19q13.2 rs8102476 9 2 x 10
-11

31 19q13.33 KLK2/KLK3 rs2735839 11 2 x 10
-18

32 22q13.1 TNRC6B rs9623117 X 5 x 10
-7

33 22q13.2 rs5759167 4 6 x 10
-29

34 Xp11.22 NUDT11 rs5945572 8 X 4 x 10
-13

22 34 25 9 6 17

Sources: Legend: 

http://demo.decodeme.com/health-watch/details/PCA D deCODEme

https://www.23andme.com/health/Prostate-Cancer N Navigenics
http://www.navigenics.com/demo/tutorial 2 23andme

http://www.pathway.com (reference studies not cited) PG Pathway Genomics

P-value: NIH GWAS catalog (http://www.genome.gov/page.cfm?pageID=26525384)
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3. Cheng et al.; Eur J Hum Genet; 2008 Jan 30. 14. Schumacher et al.; Cancer Res; 2007 67(7):2951-2956.
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Companies and Reference Studies Cited

Ovarian cancer risk susceptibility and neoplasm drug response

Mutation Data from Potential Res.

Drug(s)
1

Chromosome
1

Gene(s)
1

Variant
1

Allele
2

Patient #1
3

Interpret.
4

Ref.
1

Ovarian cancer risk susceptibility

9p22 BNC2, 

LOC648570, 

CNTLN

rs3814113 T TT higher risk 4

Ovarian neoplasm drug response

carboplatin; cisplatin;

docetaxel; paclitaxel

chr7:86998554 ABCB1 rs2032582 n/a n/a n/a 1,3

cisplatin; 

cyclophosphamide

chr6:52776646 GSTAP1, 

GSTA1

rs3957357 G AG less efficacious 2

cisplatin; 

cyclophosphamide

chr11:67109265 GSTP1 rs1695 G GG less efficacious 2

1
Sources: Health Risk: deCODEme (www.decodeme.com/health-watch/details/OVCA); Drug Response: PharmGKB (www.pharmgkb.org)

2
Sources: dbSNP, NIH GWAS catalog (http://www.genome.gov/page.cfm?pageID=26525384), deCODEme

3
Source: A volunteer-contributed 23andme genotyping data file

4
'Higher risk' and 'less efficacious' assigned for 1-2 mutations; drug may not work as normally administered

Research References

1. Green H et al.; Basic Clin Pharmacol Toxicol; 2009 Feb;104(2):130-7. 3. Kim HS et al.; Gynecol Oncol; 2009 May;113(2):264-9. 

2. Khrunin AV et al.; Pharmacogenomics J; 2010 Feb;10(1):54-61. 4. Song H, et al.; Nat Genet; 2009 Sep;41(9):996-1000.

Prostatic neoplasm drug response

Mutation Data from Potential Res.

Chromosome
1

Gene
1

Variant
1

Allele
2

Patient #1
3

Interpret.
4

Ref.
1

Drug response for: docetaxel; thalidomide

chr2:108361240 SULT1C2 rs1402467 G CG less efficacious 1

chr6:35461501 PPAR-d rs6922548 G AA efficacious 1

chr6:35470503 PPAR-d rs7769719 G GG less efficacious 1

chr6:35477784 PPAR-d rs1883322 C TT efficacious 1

chr6:35486756 PPAR-d rs2016520 C TT efficacious 1

chr6:35502988 PPAR-d rs3734254 T TT less efficacious 1

chr10:73439513 CHST3 rs4148943 T TT less efficacious 1

chr10:73440123 CHST3 rs4148947 T CC efficacious 1

chr10:73442768 CHST3 rs730720 C TT efficacious 1

chr10:73443020 CHST3 rs12418 G AA efficacious 1

Drug toxicity for: docetaxel; thalidomide

chr1:47051762 CYP4B1 rs4646487 T CC efficacious 1

chr2:38151707 CYP1B1 rs1056836 G CG less efficacious 2

chr8:18302650 NAT2 rs1799931 G GG less efficacious 1

chr10:73439596 CHST3 rs4148945 T TT less efficacious 1

chr10:73441712 CHST3 rs4148950 G AA efficacious 1

chr10:73442020 CHST3 rs1871450 G AA efficacious 1

chr13:102495729 SLC10A2 rs2301159 A GG efficacious 1

chr16:16159100 ABCC6 rs2238472 C TT efficacious 1

chr16:88140624 SPG7 rs2292954 A AG less efficacious 1

chr16:88147829 SPG7 rs12960 G GG less efficacious 1

chrX:77155158 ATP7A rs2227291 G CG less efficacious 1
1
Source: PharmGKB (http://www.pharmgkb.org)

2
Sources: dbSNP, NIH GWAS catalog (http://www.genome.gov/page.cfm?pageID=26525384), deCODEme

3
Source: A volunteer-contributed 23andme genotyping data file

4
'Less efficacious' assigned for 1-2 mutations; drug may not work as normally administered

Research References

1. Deeken JF; Pharmacogenomics J. 2009 Dec 29. 2. Sissung TM; Mol Cancer Ther. 2008 Jan;7(1):19-26.

Lung cancer risk susceptibility Rows highlighted to improve readability; grouped by locus

Cos. Mutation Data from Potential Odds Res.

Locus1 Gene(s)1 Variant1 P-value2 Cov'g3 Allele1 Patient #14 Interpret.5 Ratio6
Ref.

5p15.33 TERT rs401681 7 x 10
-7 D C CC higher risk 1.13 6

5p15.33 TERT rs2736100 2 x 10
-17 PG C CC lower risk 1.29 n/a

6p21.33 BAT3 rs3117582 5 x 10
-10 PG C AC higher risk 1.2 n/a

15q25.1 CHRNA3/A5/B4 rs1051730 6 x 10
-20 D,PG T TT higher risk 1.74 7

15q25.1 CHRNA3 rs8034191 3 x 10
-18 N,2 C TT lower risk 1 1,2,3,4,5

,7,8,9
1-6Same Sources as Figure 4

Research references cited by companies: 5. Minna et al.; J Clin Invest; 2003 111(1):31-3.

1. Amos, CI et al. Nat Genet; 2008 May;40(5):616-22. 6. Rafnar, T et al.; Nat Genet; 2009 Feb;41(2):221-7. 

2. Ho et al.; Toxicol Appl Pharmacol; 2005 205(2):133-48. 7. Thorgeirsson, TE et al.; Nature; 2008 Apr 3;452(7187):638-42.

3. Hung et al.; Nature; 2008 452(7187):633-7. 8. Trombino et al.; Cancer Res; 2004 64(1):135-45.

4. Lam et al.; Cancer Res; 2007 67(10):4638-47. 9. Zhang et al.; Clin Cancer Res; 2007 13(16):4686-94.

Lung neoplasm drug response Rows highlighted to improve readability; sorted by drug and locus, grouped by drug

Mutation Data from Potential Ref.

Drug(s)
1

Chromosome
1

Gene(s)
1

Variant
1

Allele
2

Patient #1
3

Interpret.
4

Ref.
1

Lung Neoplasms; Pancreatic Neoplasms; Mesothelioma; Drug Toxicity

carboplatin; cisplatin;

fluorouracil; gemcitabine

chr1:20788288 CDA rs2072671 C AC less efficacious 5

carboplatin; cisplatin;

fluorouracil; gemcitabine

chr1:20804061 CDA rs60369023 G n/a n/a 5

Carcinoma, Non-Small-Cell Lung

bevacizumab; pemetrexed chr8:64112466 GGH rs3780126 A GG efficacious 1

bevacizumab; pemetrexed chr8:64113791 GGH rs11545077 G n/a n/a 1

bevacizumab; pemetrexed chr21:45759254 SLC19A1, 

COL18A1

rs1051298 A GG efficacious 1

gefitinib chr4:89271347 ABCG2 rs2231142 G GG less efficacious 2

gefitinib chr7:55054249 EGFR rs712829 T GG efficacious 4

platinum-based chemotherapy chr19:50615493 ERCC1 rs11615 A AC less efficacious 3

platinum-based chemotherapy chr19:50604576 ERCC1, 

PPP1R13L, 

CD3EAP

rs3212986 A AC less efficacious 3

1-4
Same Sources as Figure 4

Research References 3. Kalikaki A et al.; Clin Lung Cancer; 2009 Mar;10(2):118-23.

1. Adjei AA et al.; J Clin Oncol; 2010 Feb 1;28(4):614-9. 4. Liu G et al.; Pharmacogenomics J; 2008 Apr;8(2):129-38.

2. Cusatis G et al.; J Natl Cancer Inst; 2006 Dec 6;98(23):1739-42. 5. Sugiyama E et al.; J Clin Oncol; 2007 Jan 1;25(1):32-42. 

Pancreatic cancer risk susceptibility (Pancreatic Neoplasm Drug Response: Figure 6)
 

Mutation Data from Odds Potential Res.

Locus
1

Gene(s)
1

Variant
1

P-value
2

Allele
1

Patient #1
3

Ratio
4

Interpret.
5

Ref.

1 NR5A2 rs3790844 2 x 10
-10

T TT 1.12 higher risk 2

5 CLPTM1L/TERT rs401681 7 x 10
-7

T CT 1.01 higher risk 2

9 ABO rs657152 2 x 10
-30

T GG 0.88 lower risk 1

13q22 rs9543325 3 x 10
-11

C TT 0.83 lower risk 2
1-5Same Sources as Figure 4

Research references cited by consumer genomic companies:

1. Amundadottir, L et al. Nat Genet. 2009 Sep;41(9):986-90. 2. Petersen GM, et al. Nat Genet. 2010 Jan 24.

Prostate cancer risk susceptibility Rows highlighted to improve readability; grouped by locus/gene

Locus or Cos. Mutation Data from Potential

Gene1 Variant1 P-value2 Cov'g3 Allele1 Patient #14 Interpret.5 OR6 RR6

EHBP1 rs2710646 n/a D C CC higher risk 0.95

EHBP1 rs721048 8 x 10
-9 N,PG A GG lower risk 1

2q31 rs10207654 n/a D G AA lower risk 1.03

SLC22A3 rs2660753 3 x 10
-8 D,PG T CT higher risk 1.06

3q21.3 rs10934853 3 x 10
-10 D C AA lower risk 1.17

TET2 rs7679673 3 x 10
-14 D C AC higher risk 0.99

TERT rs401681 7 x 10
-7 D,PG T CC lower risk 1.06

SLC22A3 rs9364554 6 x 10
-10 D,PG T CT higher risk 1.06

JAZF1 rs10486567 2 x 10
-6 D,N,PG G AA lower risk 1

LMTK2 rs6465657 2 x 10
-8 D,PG T TT higher risk 0.9

NKX3.1 rs1512268 3 x 10
-30 D G GG higher risk 0.86

8q24 rs10086908 n/a D T TT higher risk 1.09

8q24.21 rs1447295 2 x 10
-14 D,N,2,PG A CC lower risk 1

8q24 rs6983561 n/a PG C AA lower risk 1

8q24 rs10505483 n/a D,2 G CC lower risk 0.96

8q24.21 rs16901979 1 x 10
-12 N A CC lower risk 1

8q24 rs7817677 n/a 2 G AA lower risk 0.98

POU5F1P1 rs6983267 9 x 10
-13 D,N,2,PG G GT higher risk 1.26

8q24.21 rs620861 n/a D T CC lower risk 1.09

8q24.21 rs16902104 n/a D T CC lower risk 0.94

DAB21P rs1571801 n/a PG T GT higher risk 1.15

MSMB rs10993994 7 x 10
-13 D,PG T CT higher risk 1.03

CTBP2 rs4962416 2 x 10
-7 N,PG C TT lower risk 1

IGF2/etc. rs7127900 3 x 10
-33 D G AG higher risk 1.12

11q13 rs7931342 2 x 10
-12 PG T TT higher risk 0.73

11q13.2 rs10896449 2 x 10
-9 D,N G AA lower risk 1

HNF1B rs7501939 9 x 10
-12 PG C CC higher risk 1.42

TCF2 rs4430796 1 x 10
-11 D,N,2 A GG lower risk 1

17q24.3 rs1859962 2 x 10
-16 D,N,2 G TT lower risk 1

19q13.2 rs8102476 2 x 10
-11 D T CT higher risk 0.99

KLK2/3 rs2735839 2 x 10
-18 D G AG higher risk 0.92

TNRC6B rs9623117 5 x 10
-7 PG C TT lower risk 1

22q13.2 rs5759167 6 x 10
-29 D T GG lower risk 1.14

NUDT11 rs5945572 4 x 10
-13 D,PG A GG lower risk 1

1www.decodeme.com, www.23andme.com, www.navigenics.com, www.pathway.com
2Source: NIH GWAS catalog (http://www.genome.gov/page.cfm?pageID=26525384)
3 Legend: D = deCODEme, N = Navigenics, 2 = 23andme, PG = Pathway Genomics
4Source: A volunteer-contributed 23andme genotyping data file and demo account data from company websites
5 'Higher risk' assigned for the condition for 1-2 mutations and 'lower risk' for the homozygous normal genotype 
6OR = Odds Ratio, the odds for developing the disease given the genotype value; not comparable across companies;

in particular, deCODeme uses a different measure, RR (Relative Risk), applying population risk to the Odds Ratio


