ANALYTIC VALIDITY

Question 8: Is the test qualitative or quantitative?
Question 9: How often is a test positive when a mutation is present?

Question 10:
Question 11:
Question 12:
Question 13.
Question 14:
Question 15:
Question 16:
Question 17:
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How often is the test negative when a mutation is not present?

Is an internal quality control program defined and externally monitored?

Have repeated measurements been made on specimens?

What is the within- and between-laboratory precision?

If appropriate, how is confirmatory testing performed?

What range of patient specimens have been tested?

How often does the test fail to give a useable result?

How similar are results obtained in multiple laboratories using the same, or
different, technology?
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ANALYTIC VALIDITY
Question 8: Is the test qualitative or quantitative?

The DNA tests for both factor V Leiden (FVL) and prothrombin G20210A mutation (PRO) are
qualitative (e.g., a specific mutation is reported as present or absent).
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ANALYTIC VALIDITY

Question 9: How often is a test positive when a mutation is present?
Question 10: How often is the test negative when a mutation is not present?

Summary

Based on data from the American College of Medical Genetics and the College of American
Pathologists (ACMG/CAP) Molecular Genetics Survey Set MGL

The overall error rate for factor V Leiden (FVL) testing is 0.5 percent (95 percent CI 0.3-
0.6%) by allele and 0.8% by individual (95 percent CI 0.5-1.2%)

The analytic sensitivity is 99.1 percent (95 percent Cl 98.7-99.5%), for factor V Leiden
The analytic sensitivity was essentially constant between 1999 and 2001

The analytic specificity is 99.7 percent (95 percent Cl 99.6-99.9%) for factor V Leiden

The overall error rate for prothrombin G20210A mutation testing is 0.5 percent (95 percent
C1 0.3-0.6%) by allele and 0.8 percent by individual (95 percent Cl 0.5-1.1%)

The analytic sensitivity is 98.8 percent (95 percent Cl 98.2-99.3%) for prothrombin
G20210A mutation

The analytic sensitivity was essentially constant between 1999 and 2001

The analytic specificity is 99.8 percent (95 percent Cl 99.7-99.9%) for prothrombin
G20210A mutation

Definitions
Analytic performance is summarized by the sensitivity and specificity of the detection system.
Analytic sensitivity is the proportion of positive test results, when a detectable mutation is

present (i.e., the test is designed to detect that specific mutation). The analytic sensitivity may
also be called the analytic detection rate.
Analytic specificity is the proportion of negative test results when no detectable mutation is

present. Analytic specificity can also be expressed in terms of the analytic false positive rate.
This would be the proportion of positive test results when no detectable mutations are present (1-
analytic specificity).

Optimal source(s) of data
Basing analytic performance estimates on external proficiency testing has drawbacks, including:

mixing of clinical and research laboratories

few challenges

reporting summary results in ways that do not allow a straightforward computation of
analytic sensitivity and specificity

challenges that do not represent the ‘mix’ of genotypes expected in a screening program
(e.g., too few negative tests).

Future analyses should be aimed at providing reliable method- and, possibly, mutation-specific
analytic performance estimates. One approach for collecting such data might include the
following steps:
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e An independent body [such as the College of American Pathologists, American College of
Medical Genetics, Food and Drug Administration or the Coriell Institute of Medical
Research (Camden, NJ)] would develop a standard set of samples, most of which would be
randomly selected from the general population. Included in the standard set, however, would
also be additional, less common genotypes

e The sample set would then be available for method validation. Correct genotypes would be
arrived at by consensus, or, if disagreements emerged, by a reference method (e.g.,
sequencing). The current validation practice of having a laboratory (or manufacturer) run a
series of samples with unknown genotype is inadequate, since there is no ‘gold standard’
with which to compare. For example, how can a laboratory running an unknown sample
determine whether a positive finding is a true, or a false, positive?

e Ideally, this blinded sample set would be available to manufacturers as part of the pre-market
approval process, with the understanding that multiple laboratories using these commercial
reagents would be asked by the manufacturer to analyze portions the sample set
independently. This initial assay validation process is distinct from assay control samples
that are discussed later (Question 13).

Appropriate sample size for determining analytic sensitivity and specificity has been discussed in
detail in an earlier ACCE review (Prenatal Cystic Fibrosis Carrier Screening). In brief, a target
sensitivity (or specificity) can be chosen, along with an acceptable lower limit (assumed to be the
lower 95 percent confidence interval). Given these targets, the number of necessary samples can
be derived. For example, if a laboratory chose a target specificity of 98 percent and wanted to
rule out a specificity of 90 percent, it would need to correctly identify at least 49 of 50 known
negative samples (estimated using the binomial distribution). When the estimates approach 100
percent and include relatively tight confidence intervals, it may not be economically feasible for
individual laboratories to create the data. However, this could be attained by a consortium of
laboratories using the same methodology, or by a manufacturer that forms a consortium of
laboratories using its reagents. All of these analyses could be done using a 2x2 table, and all
rates could be accompanied by 95 percent confidence intervals (Cl).

The ACMG/CAP external proficiency testing scheme

Background and Definitions As part of ACMG/CAP external proficiency testing in the United
States, purified DNA from established cell lines (derived from human cells with known
mutations http://locus.umdnj.edu/ccr/qc/DNAQC.html) is distributed to enrolled laboratories.
Many of these laboratories are likely to be providing clinical services, but reagent manufacturers
and research laboratories also participate. In 2003, there were 189 participants reporting factor
V Leiden results and 181 participants reporting prothrombin G20210A mutation results. A false
positive result occurs when the laboratory reports finding a mutation in the sample, when none is
present. A false negative result occurs when a laboratory reports no mutation, but a mutation for
which it tests is, in fact, present in the sample.

The present analysis, which uses the ACMG/CAP data, initially examines the rates of these two

types of errors independently, by chromosome (e.g., the results on one chromosome are counted
separately from the results reported for the other).
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Error rates for the ACMG/CAP external proficiency testing scheme Table 2-1 shows the number
of alleles tested and the results from the ACMG/CAP Molecular Genetics Survey from 1999 to
2003 for factor V Leiden. Overall, 0.5 percent (95 percent Cl 0.3% to 0.6%) of the FVL alleles
were incorrectly identified. For all data between 1999 and 2003, 7039 of 7072 chromosomes
were correctly identified (99.5%, 95 percent Cl 99.4% to 99.7%). Table 2-2 shows the number
of alleles tested and the results from the ACMG/CAP Molecular Genetics Survey from 1999 to
2003 for prothrombin G20210A mutation (PRO). Overall, 0.5 percent (95 percent ClI 0.3% to
0.6%) of the PRO alleles were incorrectly identified. For all data between 1999 and 2003, 6063
of 6092 chromosomes were correctly identified (99.5%, 95 percent Cl 99.4% to 99.7%).
Appendix 1 contains a complete listing of the sample challenges, the responses, and the types of
errors (e.g., false positive).

Table 2-1. Factor V Leiden Mutation Testing: Results of the ACMG/CAP Molecular
Genetics Survey

Type of Incorrect Result

Number False False
of Alleles Correct Incorrect Positive Negative
Year Labs Tested N (%) N (%) N (%) N (%)
1999-A 115 460 459 (99.8) 1(0.2) 0 (0.0) 1(0.2)
1999-B 0 0 0 0 0 0
2000-A 124 742 735 (99.2) 7 (0.8) 4 (0.5) 3(0.4)
2000-B 140 838 837 (99.9) 1(0.1) 0(0.0) 1(0.1)
2001-A 156 940 930(98.9) 10(1.1) 3(0.4) 7(0.7)
2001-B 152 912 908 (99.6) 4 (0.4) 2(0.2) 2(0.2)
2002-A 165 990 988 (99.8) 2(0.2) 1(0.2) 1(0.2)
2002-B 177 1040  1038(99.8) 2(0.2) 1(0.2) 1(0.2)
2003-A 189 1132 1131(99.9) 1(0.1) 1(0.2) 0
All 7054 7026 (99.6) 28(0.4) 12 (0.2) 16 (0.2)
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Table 2-2. Prothrombin G20210A Mutation Testing: Results of the ACMG/CAP
Molecular Genetics Survey

Type of Incorrect Result

Number False False
of Alleles Correct Incorrect Positive Negative
Year Labs Tested N (%) N (%) N (%) N (%)
1999-A 0 0 0 0 0 0
1999-B 24 96 90 (93.7) 6 (6.3) 2(2.2) 4 (4.3)
2000-A 100 600 596 (99.3) 4 (0.7) 2 (0.35) 2 (0.35)
2000-B 123 738 731 (99.0) 7(0.9) 0 (0.0) 7(0.9)
2001-A 138 834 829 (99.4) 5 (0.6) 2(0.3) 3(0.3)
2001-B 134 804 802 (99.8) 2(0.2) 1(0.2) 1(0.2)
2002-A 154 922 922 (100) 0 0 0
2002-B 171 1024 1022 (99.8) 2(0.2) 1(0.1) 1(0.1)
2003-A 181 1084 1082 (99.8) 2(0.2) 1(0.1) 1(0.1)
All 6100 6072 (99.5) 28(0.5) 9(0.2) 19 (0.3)

Tables 2-3 and 2-4 make use of the ACMG/CAP external proficiency testing data (Appendix 1)
to compute the analytic sensitivity and specificity for factor V Leiden and prothrombin G20210A
mutations.

Table 2-3. Analytic Performance for Identifying Factor V Leiden Mutations According to
Data from the ACMG/CAP Molecular Genetics Survey

Analytic Analytic

Year Sensitivity (%) (95% CI) Specificity (95% CI)
1999 99.6 (98.7-100) 100

2000 99.0 (97.9-99.9) 99.7 (99.3-100)
2001 99.0 (98.4-99.7) 99.4 (99.0-99.9)
2002 99.6 (99.0-100) 100

2003 98.9 (97.9-100) 100

All 99.1 (98.7-99.5) 99.7 (99.6-99.9)
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Table 2-4. Analytic Performance for Identifying Prothrombin G20210A Mutations
According to Data from the ACMG/CAP Molecular Genetics Survey

Analytic Analytic
Year Sensitivity (%) (95% CI) Specificity (95% CI)
1999 91.7 (83.7-99.6) 95.8 (90.1-100)
2000 97.4 (95.7-99.1) 99.8 (99.5-100)
2001 99.2 (98.5-100) 99.7 (99.4-100)
2002 99.6 (99-100) 99.9 (99.8-100)
2003 99.4 (98.3-100) 99.9 (99.7-100)
All 98.8 (98.2-99.3) 99.8 (99.7-99.9)

Sensitivity and specificity by person rather than by chromosome

It is possible to compute analytic sensitivity and specificity according to whether a person’s
genotype has been correctly classified, rather than whether an individual chromosome has been
correctly classified. That is, the genotype is correct or incorrect when detectable mutations are
present (analytic sensitivity), or the genotype is correct or incorrect when no detectable
mutations are present (analytic specificity). Tables 2-5 and 2-6 show the results of this analytic
approach, stratified by the year that proficiency testing results were obtained. Overall error rates
of 0.8 percent (95% CI 0.5-1.2%) and 0.8 percent (95% CI 0.5-1.1%) were found for factor V
Leiden and prothrombin G20210A mutation testing, respectively, for testing in US laboratories.
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Table 2-5. Analytic Performance for Identifying Factor V Leiden Mutations Based on the
ACMG/CAP Molecular Genetics Survey, Classified According to Whether a Person’s
Genotype is Correctly Identified

Correct Incorrect
Detectable mutation present N (%0) N (%) Totals
1999 229 (99.2) 1(0.8) 230
2000-A 245 (98.8) 3(1.2) 248
2000-B 139 (99.3) 1(0.7) 140
2001-A 310 (98.7) 4 (1.3) 314
2001-B 302 (99.3) 2(0.7) 304
2002-A 0 0 0
2002-B 175 (99.4) 1 (0.6) 176
2003-A 373 (98.9) 4(1.1) 377
Totals 1771 (99) 18 (0.9) 1789
Detectable mutation not present
1999 0 0 0
2000-A 120 (97.6) 3(2.4) 123
2000-B 279 (100) 0 279
2001-A 153 (98.1) 3(1.9) 156
2001-B 150 (98.7) 2(1.3) 152
2002-A 491 (99.2) 4 (0.8) 495
2002-B 352 (99.7) 1(0.3) 353
2003-A 189 (100) 0 189
Totals 1736 (99.3) 12 (0.7) 1748
OVERALL ERROR RATE 30 (0.8) 3537

VTE - 2004 - 3 Analytic Validity 2-8



Table 2-6. Analytic Performance for Identifying Prothrombin G20210A Mutations Based
on the ACMG/CAP Molecular Genetics Survey, Classified According to Whether a
Person’s Genotype is Correctly Identified

Correct Incorrect
Detectable mutation present N (%0) N (%) Totals
1999 22 (91.6) 2 (8.4) 24
2000-A 98 (98) 2(2) 100
2000-B 118 (95.9) 5(4.1) 123
2001-A 135 (97.8) 3(2.2) 138
2001-B 266 (99.2) 2(0.8) 268
2002-A 152 (100) 0 152
2002-B 168 (98.8) 2(1.2) 170
2003-A 179 (99.4) 1(0.6) 180
Totals 1138 (98.5) 17 (1.5) 1155
Detectable mutation not present
1999 23 (95.8) 1(4.2) 24
2000-A 198 (99) 2 (1) 200
2000-B 246 (100) 0 246
2001-A 276 (99.3) 2(0.7) 278
2001-B 134 (100) 0 134
2002-A 304 (99.7) 1(0.3) 305
2002-B 342 (100) 0 342
2003-A 361 (99.7) 1(0.3) 362
Totals 1884 (99.6) 7(0.4) 1891
OVERALL ERROR RATE 24 (0.8) 3046
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The National External Quality Assessment Schemes (NEQAS) includes data from available from
the United Kingdom and Europe. Data for the Factor V Leiden/Molecular Genetics of
Thrombophilia External Quality Assessment Programme are listed in Tables 2-7 and 2-8.

Table 2-7. Analytic Performance for Identifying Factor V Leiden Mutations based on the
NEQAS Factor V Leiden External Quality Assessment Programme, Classified According
to Whether the Genotype is Correctly Identified

Correct Incorrect
Detectable mutation present N (%) N (%) Totals
July 1999 126 (97.7) 3(2.3) 129
November 1999 152 0 152
April 2000 111 (97.4) 3(2.6) 114
August 2000 167 (97.1) 5(2.9) 172
December 2000 181 (98.4) 3(1.6) 184
April 2001 61 0 61
September 2001 64 0 64
January 2002 69 (98.6) 1(1.4) 70
May 2002 76 0 76
Totals 1007 (98.5) 15 (1.5) 1022
Detectable mutation not present
July 1999 86 0 86
November 1999 102 0 102
April 2000 113 0 113
August 2000 59 0 59
December 2000 60 (96.8) 2(3.2) 62
April 2001 61 0 61
September 2001 63 0 63
January 2002 69 0 69
May 2002 151 0 151
Totals 764 (99.7) 2(0.3) 766
OVERALL ERROR RATE 17 (0.9) 1788
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Table 2-8. Analytic Performance for Identifying Prothrombin G20210A Mutations Based
on the NEQAS Molecular Genetics of Thrombophilia External Quality Assessment
Programme, Classified According to Whether the Genotype is Correctly Identified

Correct Incorrect
Detectable mutation present N (%) N (%) Totals

July 1999 36 0 36
November 1999 0 0 0

April 2000 105 (99) 1(1) 106
August 2000 55 (98.2) 1(1.2) 56

December 2000 181 (99.4) 1 (0.6) 182
April 2001 61 0 61
September 2001 63 0 63
January 2002 64 (95.5) 3(4.5) 67
May 2002 74 0 74

Totals 639 (99.1) 6 (0.9) 645

Detectable mutation not present

July 1999 74 0 74
November 1999 98 0 98

April 2000 105 0 105
August 2000 56 0 56
December 2000 60 (98.4) 1(1.6) 61
April 2001 61 0 61
September 2001 62 0 62
January 2002 66 0 66

May 2002 146 (99.3) 1(0.7) 147

Totals 728 (99.7) 2(0.3) 730

OVERALL ERROR RATE 8 (0.6) 1375

As can be seen, the two quality assurance programs give similar results (overall error rate of 0.8
percent for factor V Leiden and prothrombin G20210A mutation testing in the U.S., and 0.9 and
0.6, respectively, in the UK and Europe).

References

ACMG/CAP Molecular Genetics Survey Sets (1999, 2000, 2001, 2002, 2003) College of
American Pathologists, Northfield, IL.
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Appendix 1. Data used to calculate analytic sensitivity and specificity

Tables 2-9 through 2-13 summarize the factor V Leiden external proficiency testing results
obtained by the American College of Medical Genetics and the College of American
Pathologists (ACMG/CAP). Samples with known genotypes have been distributed to
participants since 1999. The first columns of the tables contain the distribution label (99 MGL-
11 indicates the 11" DNA sample distributed as part of the Molecular Genetics Laboratory
survey in 1999). The second columns contain number of participating laboratories, followed by
the genotype of the sample. The number of laboratories reporting specific genotypes is then
provided, along with a tabulation of their ‘correct’ and ‘incorrect’ responses. The tables also
contain the denominator for calculating the analytic sensitivity and specificity in a box, along
with the yearly (and summary) totals.

Table 2-9. Computations for the 1999 ACMG/CAP Proficiency Testing Surveys: factor V
Leiden (R506Q mutation)

Reported Alleles
Distribution Labs Genotype Correct Incorrect

99 MGL-11 115 R506Q/WT

114 R506Q/WT 228 0
1 WT/WT 1 1
99 MGL-12 115 R506Q/WT
115 R506Q/WT 230 0
Totals 1999 460 alleles 459 1
Sensitivity 115 + 115
Specificity 115 + 115
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Table 2-10. Computations for the 2000 ACMG/CAP Proficiency Testing Surveys: factor V
Leiden (R506Q mutation)

Reported Alleles

Distribution Labs Genotype Correct Incorrect
00 MGL-01 124 R506Q/WT
122 R506Q/WT 244 0
2 WT/WT 2 2
00 MGL-02 124 R506Q/WT
123 R506Q/WT 246 0
1 WT/WT 1 1
00 MGL-03 123 WT/WT
120 WT/WT 240 0
2 R506Q/WT 2 2
1 R506Q/R506Q 0 2
00 MGL-13 140 R506Q/WT
139 R506Q/WT 278 0
1 WT/WT 1 1
00 MGL-14 140 WT/WT
140 WT/WT 280 0
00 MGL-15 139 WT/WT
139 WT/WT 278 0
Totals 2000 1580 alleles 1572 8
Sensitivity 124+124+140
Specificity 124+124+246+140+280+278
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Table 2-11. Computations for the 2001 ACMG/CAP Proficiency Testing Surveys: factor V
Leiden (R506Q mutation)

Reported Alleles
Distribution Labs Genotype Correct Incorrect

01 MGL-01 157 R506Q/R506Q

153 R506Q/R506Q 306 0
4 R506Q/WT 4 4
01 MGL-02 157 R506Q/WT
154 R506Q/WT 308 0
1 WT/WT 3 3
01 MGL-03 156 WT/WT
153 WT/WT 306 0
3 R506Q/WT 3 3
01 MGL-13 152 R506Q/R506Q
151 R506Q/R506Q 302 0
1 WT/WT 0 2
01 MGL-14 152 WT/WT
151 WT/WT 302 0
1 R506Q/R506Q 0 2
01 MGL-15 152 R506Q/WT
152 R506Q/WT 304 0
Totals 2001 1852 alleles 1838 14
Sensitivity 314+157+304+152
Specificity 157+312+304+152
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Table 2-12. Computations for the 2002 ACMG/CAP Proficiency Testing Surveys: factor V

Leiden
Reported Alleles
Distribution Labs Genotype Correct Incorrect
02 MGL-01 165 R506Q/WT
164 R506Q/WT 328 0
1 WT/WT 1 1
02 MGL-02 165 R506Q/WT
165 R506Q/WT 330 0
02 MGL-03 165 WT/WT
164 WT/WT 328 0
1 R506Q/WT 1 1
02 MGL-07 176 R506Q/WT
175 R506Q/WT 350 0
1 WT/WT 1 1
02 MGL-08 167 WT/WT
166 WT/WT 332 0
1 R506Q/WT 1 1
02 MGL-09 177 WT/WT
177 WT/WT 354 0
Totals 2002 2030 alleles 2026 4
Sensitivity 165+165+176
Specificity 165+165+330+176+334+354
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Table 2-13. Computations for the 2003 ACMG/CAP Proficiency Testing Surveys: factor V

Leiden
Reported Alleles
Distribution Labs Genotype Correct Incorrect
03 MGL-01 189 R506Q/WT
188 R506Q/WT 376 0
1 WT/WT 1 i
03 MGL-02 188 R506Q/WT
188 R506Q/WT 376 0
03 MGL-03 189 WT/WT
189 WT/WT 378 0
Totals 2003 1132 alleles 1131 1
Sensitivity 188+189
Specificity 188+189+378
Totals 99-03 7072 7039 33
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Tables 2-14 through 2-18 summarize the prothrombin G20210A mutation external proficiency
testing results obtained by the American College of Medical Genetics and the College of
American Pathologists (ACMG/CAP). Samples with known genotypes have been distributed to
participants since 1999. The first column of the tables contain the distribution label (99 MGL-21
indicates the 21° DNA sample distributed as part of the Molecular Genetics Laboratory survey in
1999). The second columns contain number of participating laboratories, followed by the
genotype of the sample. The number of laboratories reporting specific genotypes is then
provided, along with a tabulation of their ‘correct’ and ‘incorrect’ responses. The tables also
contain the denominator for calculating the analytic sensitivity and specificity in-a box, along
with the yearly (and summary) totals.

Table 2-14. Computations for the 1999 ACMG/CAP Proficiency Testing Surveys:
Prothrombin G20210A Mutation

Reported Alleles
Distribution Labs Genotype Correct Incorrect

99 MGL-21 24 WT/WT
23 WT/WT 46 0
1 20210/20210 0 2
99 MGL-22 24 20210/20210
22 20210/20210 44 0
2 WT/WT 0 4
Totals 1999 96 alleles 90 6
Sensitivity 48
Specificity 48
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Table 2-15. Computations for the 2000 ACMG/CAP Proficiency Testing Surveys:
Prothrombin G20210A Mutation

Reported Alleles
Distribution  Labs Genotype Correct Incorrect

00 MGL-01 100 WT/WT

98 WT/WT 196 0
2 20210/WT 2 2
00 MGL-02 100 20210/WT
98 20210/WT 196 0
2 WT/WT 2 2
00 MGL-03 100 WT/WT
100 WT/WT 200 0
00 MGL-16 123 20210/20210
118 20210/20210 236 0
3 20210/WT 3 3
2 WT/WT 0 4
00 MGL-17 = 123 WT/WT
123 WT/WT 246 0
00 MGL-18 123 WT/WT
123 WT/WT 246 0
Totals 2000 1338 alleles 1327 11
Sensitivity 100+246
Specificity 200+100+200+246+246
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