
CLINICAL VALIDITY

 ● We investigated clinical validity of the NGS-based 
CF screen by evaluating specificity of the variant-
interpretation process. We leveraged the CFTR2 
database2 as a truth set because it is based on over 
89,000 diagnosed CF patients. We observed 3,965 
pathogenic alleles in the cohort (Table 3) (note 15 
patients with the same variant counted as 15 alleles), 
98% (3,884/3,965) were also present in the CFTR2 
database. Among alleles in both databases, 99.5% 
(3,865/3,884) were determined to be pathogenic by 
CFTR2, suggesting that NGS-based screening for CF 
has high clinical specificity. 

 ● As a separate test of both clinical and analytical 
validity, we compared the exon-level distribution of 
CNVs observed in CF carriers and CF-affected patients 
(from the CFTR2 database). We observed similar 
distributions of CNVs in both cohorts (Figure 1).

ANALYTICAL VALIDITY
 ● A previous study showed >99.99% sensitivity and specificity of our 176-condition expanded carrier screen,1 but 

here we examined performance specifically for CFTR. Assessed on 88 reference samples with known genotypes, 
we saw perfect concordance of SNV and indel calling (Table 1). We also saw perfect concordance in complex 
variant classes, including 33 additional MLPA-verified CNVs in patient samples (Table 2). Finally, pathogenic, 
patient-observed CNV boundaries were compared to the CFTR2 database of pathogenic CNVs, revealing a similar 
distribution among screened carriers and CF-affected individuals. 
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METHODS
 ● Analytical validity was assessed using orthogonal 

confirmation and reference samples. 
 ● Clinical validity was evaluated using the CFTR2 

database. 
 ● Clinical impact was assessed using ~100,000 

screened (Foresight) patients. 
 ● Three screening strategies were compared: 

 – Genotyping 23 guideline-recommended variants 
(“CF23”) 

 – Sequencing all coding bases in CFTR (“NGS”) 
 – Sequencing with large copy-number variant 

(CNV) identification (“NGS+CNV”) 
 ● Clinical utility was determined via self-reported 

actions of at-risk couples (ARCs). 

CONCLUSIONS
 ● Modern NGS and variant interpretation enable accurate sequencing-based CF screening. Limiting screening to  

23 variants does not improve analytical validity, clinical validity, or clinical utility, but does fail to detect 
approximately 30% of ARCs.

INTRODUCTION
 ● Cystic fibrosis is one of the most common autosomal 

recessive conditions. 
 ● The disease is caused by CFTR gene mutations that 

include single-nucleotide variants (SNVs), short 
insertions or deletions (indels), and large copy-
number variants (CNVs). 

 ● Guidelines recommend routine carrier screening via 
targeted genotyping of 23 frequent variants, including 
SNVs and indels, but not CNVs.  

 ● Here we assess the performance of sequencing-
based CF screening relative to genotyping, in terms of 
analytical validity, clinical validity, and clinical utility.

Table 1. Analytical sensitivity and specificity for single nucleotide 
variants and small indel variants in CFTR, as assessed on 4,048 
allele calls among 88 samples (70 of which were positive).

Variant Present Variant Not Present

Variant 
Detected 238 true positive 0 false positive

Variant Not 
Detected 0 false negative 3,810 true negative

Figure 1. Exonic position distribution of CFTR copy-
number variants (CNVs) observed in (A) screening 
(Foresight) and (B) diagnostic (CFTR2) settings.* 

*Start and end positions were estimated from HGVS and/or common names    
using non-legacy exon numbering.
af, African or African-American; co, Mixed or Other Caucasian; ea, East Asian; 
hi, Hispanic; ne, Northern European; sa, South Asian; so, Southern European; 
uk, Unknown
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CLINICAL IMPACT
 ● Among 13,080 screened couples, 58 were CF ARCs (Figure 2A); 40 of those would have been detected by CF23-

screening only. The risk faced by the remaining 18 couples would have been missed. Notably, CNV analysis was 
required to detect one of these 18 ARCs. We modeled CF incidence in several ethnicities (Figure 2B). A CF23-only 
approach would miss approximately 30% of cases in a US population and even more in a Hispanic population. 

CLINICAL UTILITY
 ● The clinical utility of CF carrier screening was measured by determining how many ARCs identified by NGS-based 

screening modified reproductive decisions and pregnancy management based on knowledge of their risk status.3 
Results are summarized in Figure 3. Among ARCs not pregnant when they received ECS results, 89% planned or 
pursued actions to reduce the risk of having a CF-affected pregnancy.

Table 2. Analytical concordance (positive samples) for other 
variant classes in CFTR. 

Concordance

Large Indels (>5bp) 1 / 1

Single Exon Deletions 8 / 8

Multi-Exon Deletions 29 / 29

Duplications 4 / 4

Table 3. Clinical specificity is assessed by concordance to the 
CFTR2 database.

CFTR2

Pathogenic VUS Missing

Fo
re

si
gh

t Pathogenic Alleles 3,865 19 81

Unique Pathogenic 
Variants 167 1 45

Figure 2. (A) At-risk couples were grouped by CFTR variant classes and counted by minimal screening methodology required to 
detect male and female carried variants. (B) Cystic fibrosis incidence was modeled separately for several relevant ethnicities and 
collectively for a US-weighted population. 

ne, Northern European; aj, Ashkenazi Jewish; af, African or African-American; hi, Hispanic; ea, East Asian

Figure 3. Actions planned or pursued by cystic fibrosis (CF) at-risk couples (ARCs) as a result of knowing their CF risk status.

IVF, in vitro fertilization; PGT-M, preimplantation genetic testing for monogenic disorders; PNDx, prenatel diagnostic testing

 

37 CF ARCs

10 (56%) pursued 
PNDx

8 (44%) did not pursue 
PNDx 6 (32%) pursued PNDx 13 (68%) did not

pursue PNDx

18 (49%) screened
prenatally

3 (38%) pregnancies 
afftected

8 (100%) live births 2 (33%) pregnancies 
affected

5 (38%) live births
7 (54%) not born yet
1 (7.7%) miscarriage

2 (100%) terminations 3 (60%) tested 
postnatally

2 (67%) terminations
1 (33%) live birth

7 (88%) tested 
postnatally

2 (29%) children affected 1 (33%) child affected

19 subsequent pregnancies
5 (26%) achieved by IVF with PGT-M

19 (51%) screened
preconceptionally

17 (89%) planned/pursued
any of the following 
actions:

15 (79%) IVF with PGT-M
3 (16%) PNDx
1 (5.2%) Adoption
1 (5.2%) Avoid pregnancy

All posters available at research.myriadwomenshealth.com.

NGS NGS+CNVCF23 USA ne aj af hi ea 
Ethnicity

N
G

S
N

G
S+

CN
V

CF
23

M
od

el
ed

 In
ci

de
nc

e 
(p

er
 1

00
,0

00
) 60

50
40
30
20
10

0

0 0 0

6 4 0

40 7 1

NGS+CNV
NGS
CF23

Female

M
al

e

A. B.

Pa
tie

nt

40

30

20

10

0

0 5 10 15 20 25
Exon Number

B. CFTR2 CNV Boundaries
700
600
500
400
300
200
100

0

Pa
tie

nt

A. Foresight CNV Boundaries

Exon Number
0 5 10 15 20 25

af
co
ea
hi
ne
sa
so
uk

uk

Text CFSEQ to 99150 to learn more about  
next-generation counseling.


