
Research Article

Fetal Diagn Ther 2021;48:134–139

Observed and Modeled Positive Predictive Values 
Using Cell-free DNA Testing for Fetal Trisomy in a 
Clinical Laboratory Population

Karen White     Annette Batey     Maximilian Schmid 

Ariosa Diagnostics Inc., Roche Sequencing Solutions Inc., San Jose, CA, USA

Received: June 8, 2020
Accepted: October 22, 2020
Published online: January 20, 2021

Karen White
Medical Affairs, Roche Sequencing Solutions Inc.
5945 Optical Court
San Jose CA 95138 (USA) 
karen.white.kw2 @ roche.com 

© 2021 The Author(s)
Published by S. Karger AG, Basel

karger@karger.com
www.karger.com/fdt

DOI: 10.1159/000512501

Keywords
Cell-free DNA testing · Positive predictive value · 
Noninvasive prenatal testing · Prenatal screening

Abstract
Introduction: The objective of this study was to explore dif-
ferent approaches to communicating the positive predictive 
value (PPV) of cell-free DNA screening for fetal trisomy. 
Methods: PPV was established for 4 maternal age-groups 
(<30, 30–34, 35–39, and >39 years) from clinical laboratory 
data and compared to the modeled PPV from an online cal-
culator. In women under 35, PPV was compared between 2 
subsets, high risk and low risk, classified based on the diag-
nosis codes that were provided to the laboratory. Results: In 
503 high-probability trisomy 21 results, the observed PPVs 
in the 4 age-groups were 97.0% (<30), 98.9% (30–34), 99.5% 
(35–39), and 96.3% (>39), all higher than those from the cal-
culator, which ranged from 53 to 95%. Likewise, PPVs were 
77.4–97.0% observed versus 16–78% modeled in 131 triso-
my 18 cases and 30.4–80.0% observed versus 6–61% mod-
eled in 80 trisomy 13 cases. In women under 35, PPV for the 
trisomies combined was 90.4% in the higher-risk group com-
pared to 79.7% in the lower-risk group. Conclusion: Model-
ing PPV based on maternal age will provide an underesti-
mate in a clinical population. Although the PPV is higher for 

the samples with higher-risk diagnosis codes, the informa-
tion that accompanies clinical samples is too general to 
model PPV for a specific patient. © 2021 The Author(s)

Published by S. Karger AG, Basel

Introduction

Prenatal screening for fetal trisomy has been available 
since the 1970s when risk assessment was based solely on 
maternal age [1]. Subsequent advances included mea-
surement of maternal serum alpha-fetoprotein and addi-
tional biochemical and ultrasonographic markers but ex-
perienced a significant transformation in the last decade 
with the molecular genetic testing of cell-free DNA in ma-
ternal plasma. Screening for trisomy 21 using cell-free 
DNA, also known as noninvasive prenatal testing or non-
invasive prenatal screening, offers higher sensitivity and 
a nearly 100 times lower false positive rate than standard 
biochemical and ultrasonographic screening [2]. Despite 
the decades of experience with prenatal screening, there 
is concern that the high performance of this newer screen-
ing test, with sensitivities of well over 90% for trisomy 21, 
18, and 13 and specificities of greater than 99.9% [3], con-
tributes to a misperception that cell-free DNA testing is 
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diagnostic [4, 5]. This has led to calls for healthcare pro-
viders to understand and communicate positive predic-
tive value (PPV) [6–8].

PPV is a clinically relevant statistical measure that in-
dicates how likely individuals that screen positive are to 
be affected by the condition assessed. For a given test in a 
given population, the PPV is the proportion of all positive 
test results that represent true positives. Unlike sensitiv-
ity and specificity, PPV is not an intrinsic characteristic 
of a test. It is a function of the prevalence of the condition 
in the population studied. Lower disease prevalence re-
sults in lower PPV because the proportion of true posi-
tives decreases relative to the false positives. Therefore, 
PPV is effectively a reflection of the pretest probability of 
the condition as much as it is the performance of the test 
itself. A PPV established from a clinical study is only ap-
plicable in another setting if the population or individual 
tested has a comparable pretest risk to the study popula-
tion. This creates challenges for counseling based on PPV 
because each specific patient will have their own unique 
clinical factors that are different from those of study pop-
ulations.

Online PPV calculators attempt to account for selected 
patient-specific risk factors using modeling [9, 10]. An 
assigned patient-specific prior risk, most commonly 
based on maternal age, is input along with test sensitivity 
and specificity. The output is often referred to as a pa-
tient-specific PPV; however, it has been suggested this 
number is more appropriately referred to as an “estima-
tion of posttest risk,” because PPV is actually a population 
statistic [11].

There have been recommendations that laboratories 
report PPV in addition to sensitivity and specificity [7, 8, 
12]. The purpose of this study was to use real-world data 
in a clinical laboratory setting to explore different ap-
proaches to communication around PPV.

Materials and Methods

The data for this study were derived from samples submitted 
to the Ariosa Diagnostics Inc. Clinical Laboratory in San Jose, CA, 
USA, between April 2015 and September 2016 for the Harmony® 
prenatal test. The Harmony test is a targeted cell-free DNA test 
that uses DANSR (Digital Analysis of Selected Regions) assays and 
a fetal-fraction optimized algorithm to determine the probability 
of trisomy 21, trisomy 18, and trisomy 13 [13–15].

As part of a Health Insurance Portability and Accountability 
Act of 1996-compliant quality monitoring program, a laboratory 
registry coordinator routinely contacts ordering providers by tele-
phone to obtain the results of diagnostic testing or birth outcome 
after test results indicating a high probability for trisomy. This is 

done during the pregnancy and again after the expected delivery 
date if prenatal diagnosis was not performed. Only centers in the 
United States that have agreed to participate are contacted. Infor-
mation is provided on a voluntary basis. Concordance between test 
results and fetal chromosomes is determined from verbal or writ-
ten report of prenatal diagnostic testing (i.e., traditional chromo-
some analysis, microarray, or other genetic testing on samples ob-
tained from amniocentesis, chorionic villous sampling, or prod-
ucts of conception) or neonatal examination.

For high-probability results for trisomy 21, 18, and 13, mater-
nal age, gestational age, indication, and concordance were extract-
ed from the laboratory database. All information was de-identified 
prior to analysis. The study was reviewed and determined to be 
exempt from institutional review board oversight by the Western 
Institutional Review Board.

Concordant results were considered true positives (TP) and 
discordant results as false positives (FP). Mosaic results were con-
sidered neither concordant nor discordant and were excluded 
from the analysis. Observed PPV was calculated as TP/(TP + FP). 
The study population was divided into 4 maternal age-groups: un-
der 30 years, 30–34 years, 35–39 years, and over 39 years of age.

Modeled PPV was calculated using an online tool [10]. Input 
variables for the calculator include chromosome condition, mater-
nal age, sensitivity, and specificity. Calculations were performed 
for each patient in the study. For each maternal age-group, the 
PPV values from all the patients in that group were averaged to 
determine the expected PPV. The tool’s default values for test sen-
sitivity and specificity were used. At ages where the calculator did 
not generate a PPV due to insufficient data to determine preva-
lence, the closest maternal age with data was used.

Risk status was classified as high risk or low risk based on the 
International Classification of Diseases (ICD) codes provided to 
the laboratory (details provided in supplementary material; see 
www.karger.com/doi/10.1159/000512501 for all online suppl ma-
terial). Two revisions were used during the study period so revision 
9 (ICD-9) codes were converted to revision 10 (ICD-10) codes for 
analysis.

Results

Ordering providers were contacted for 2,143 test re-
sults with an increased probability for fetal trisomy 21, 18, 
or 13 (Table  1). Clinical information was obtained for 
1,411 cases (65.8%). Of these, diagnostic information 
from a prenatal procedure or newborn evaluation was 
available for 715 and other information, such as abnor-
mal ultrasound findings or pregnancy outcome (e.g., fetal 
demise and stillbirth), many of which were suggestive but 
not diagnostic for aneuploidy, was available for 696. 732 
cases had no outcome information because the provider 
did not respond, declined to provide information, or no 
longer had the patient under their care.

The proportion of test results with diagnostic informa-
tion was consistent across the population when grouped 
into 4 subgroups by maternal age. These proportions 
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were 29.9, 34.9, 34.7, and 32.8% for the <30, 30–34, 35–39, 
and >39 years subgroups, respectively.

Only cases with diagnostic information were consid-
ered for the analysis. These included 504 trisomy 21, 131 
trisomy 18, and 80 trisomy 13 results. After the exclusion 
of 1 case of mosaic trisomy 21, the final cohort consisted 
of 714 cases.

In the final cohort, median maternal age was 36.0 years 
and median gestational age was 12.7 weeks. Table 2 shows 
these characteristics with the patients grouped in 4 ma-
ternal age categories.

In the final cohort, the observed PPV for all 3 trisomies 
combined was 90.5%. Individually, the PPVs were highest 
for trisomy 21 (98.2%), followed by trisomy 18 (90.1%) 
and trisomy 13 (42.5%). PPV was generally higher in the 

older maternal age-groups. The values for the 3 trisomies 
combined were 79.2, 86.8, 94.1, and 96.0% in the <30, 
30–34, 35–39, and >39 years subgroups, respectively.). 
Figure 1 shows the observed PPV for each trisomy in the 
4 age-groups. The ranges were 96.3–99.5% for trisomy 21, 
77.4–97.0% for trisomy 18, and 30.4–80.0% for trisomy 
13.

When PPV was calculated with the online tool, the val-
ues generated for each group were lower than those ob-
served in the clinical population. The modeled ranges 
were 53–95% for trisomy 21, 16–78% for trisomy 18, and 
6–61% for trisomy 13 (shown in Fig. 1).

Of the 271 women under 35 years of age, ICD codes 
were available for 260 cases. 177 of these samples were 
classified as low-risk indications and 83 as high-risk indi-
cations. The PPV observed for all 3 trisomies combined 
was 90.4% in the high-risk group compared to 79.7% in 
the low-risk group; this is significantly higher at p < 0.05 
(z = 2.1459, p = 0.01578; 2-proportion Z-test).

Discussion

This study used the concordance between laboratory 
test results and clinical outcome to investigate the PPV of 
a cell-free DNA test for trisomy 21, 18, and 13 in a clinical 
laboratory population and subsets of this population. 
PPV increased with increasing maternal age. Across all 
age-groups, the PPV was highest for trisomy 21, followed 
by trisomy 18 and then trisomy 13. These patterns are 
consistent with the pattern predicted by using the PPV 
calculator. The higher prevalence of trisomy associated 
with maternal age and the higher prevalence of trisomy 
21 compared to trisomy 18 and 13 would be expected to 
result in a higher PPV.

The PPV for each trisomy in the subsets of this study 
population was consistently higher than the PPV predict-
ed by the PPV calculator. One likely explanation is that 

Table 1. Outcome of contact for 2,143 high-probability test results

Test result Clinical information obtained No response 
or declined

Patient lost 
to carediagnostic other

Trisomy 21 504 466 385 124
Trisomy 18 131 141 110 26
Trisomy 13 80 89 64 23

Total 1,411 (65.8%) 559 (26.08%) 173 (8.07%)

Table 2. Characteristics of patients with high-probability results 
and diagnostic information

Test result Maternal 
age-group, 
years

Patients, 
n

Maternal 
age median, 
years

Gestational 
age median, 
weeks

Trisomy 21 <30 66 26.0 13.0
30–34 93 32.0 14.0
35–39 208 37.0 12.3

>39 136 41.0 12.6
All 503 37.0 12.7

Trisomy 18 <30 31 26.0 15.9
30–34 32 33.0 12.6
35–39 35 38.0 12.1

>39 33 41.0 11.7
All 131 35.0 12.7

Trisomy 13 <30 23 23.0 13.4
30–34 26 33.0 13.0
35–39 26 36.5 12.0

>39 5 40.0 13.1
All 80 33.0 12.6
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the clinical study population includes pregnancies with 
fetal ultrasound findings or other high-risk screening re-
sults in which women chose a second level screen using 
cfDNA before diagnostic testing. This would lead to a 
higher prevalence of fetal trisomy than would be predict-
ed by maternal age alone and therefore a higher overall 
PPV across all age-groups. Another possible explanation 
is the default values for specificity that are used by the 
calculator. Specificity is a strong influencer of PPV; at the 
same prevalence, a higher specificity will lead to a higher 
PPV. The specificity values (99.91% for trisomy 21, 
99.87% for trisomy 18, and 99.87% for trisomy 13) used 
by the calculator are derived from a meta-analysis that 
includes data for multiple testing platforms [3]; however, 
the specificity observed in clinical validation studies for 

the specific cell-free DNA test used in this study is higher: 
99.96, 99.98, and 99.98% for trisomy 21, trisomy 18, and 
trisomy 13, respectively [16].

Other laboratories performing cell-free DNA testing 
have reported clinical experience using retrospectively ob-
tained pregnancy outcome information in similarly large 
series [17–19]. The observations in the current study are 
consistent with these previous reports, showing PPV to be 
higher for trisomy 21 than trisomies 18 and 13. The spe-
cific PPV values generated from these studies vary greatly 
and are not directly comparable because they use different 
referral populations and different procedures for data col-
lection. One study also examined PPV in different sub-
groups of the clinical population. DiNonno et al. [19] com-
pared PPV in women <35 to women ≥35 years and de-
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Fig. 1. The bar chart depicts the number of concordant and discordant results observed in the clinical laboratory 
population with the demarcation between the stacked bars representing observed PPV. The line graph plots the 
PPV predicted by the PPV calculator. PPV, positive predictive value.
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scribed the PPV in younger women as only modestly lower. 
In that report, the combined PPV for trisomy 21, 18, and 13 
was 87.0% in the <35 age-group and 93.5% in the ≥35 age-
group. The corresponding values in the current study were 
83.4 and 94.8%. Although PPV values cannot be compared 
between the studies (again, because of their different popu-
lations), the higher than expected PPVs in the younger age-
groups are likely due, at least in part, to the presence of 
higher-risk pregnancies in both populations. Whereas Di-
Nonno et al. did not consider other clinical risk factors in 
their analysis, this study further subdivided the <35 years 
age-group by diagnosis code and demonstrated a signifi-
cantly higher PPV in the higher-risk subgroup.

The primary limitation of this study is that it relies on 
retrospective follow-up and thus does not have complete 
outcome information. Other laboratories studying clini-
cal experience are similarly challenged and report similar 
proportions of cases with diagnostic outcome obtained, 
generally between 30 and 40% [17–19]. In each of these 
studies, the calculation of PPV is based on the concor-
dance observed in cases with outcome information and 
assumes that the ratio of concordant and discordant cases 
reported to the laboratory accurately reflects the entire co-
hort. Here, only cases with diagnostic outcome informa-
tion (from prenatal diagnosis or neonatal evaluation) 
were considered in the PPV calculations. It is possible that 
concordant cases were overrepresented (and PPV overes-
timated) because patients with affected pregnancies pur-
sued diagnostic testing after other high-risk screening 
tests or abnormal ultrasound findings whereas patients 
with unaffected pregnancies declined diagnostic testing 
after a normal fetal ultrasound. Conversely, it is possible 
that concordant cases were underrepresented because di-
agnostic testing was not performed or not reported due to 
other findings consistent with fetal aneuploidy. It is no-
table that other pregnancy outcome information was re-
ceived for an additional 32% of cases. In many instances, 
these were reports of abnormal ultrasound findings, fetal 
loss, or stillbirth, all of which are highly suggestive of a 
chromosome abnormality and would have increased the 
PPV had they been included (data not shown).

This study has looked at PPV from 2 different perspec-
tives: (1) observed from clinical laboratory follow-up in-
formation and (2) modeled with the use of a PPV calcula-
tor. Clear differences in the values obtained were found, 
raising questions about how PPV should be communi-
cated to patients by clinical care providers and laborato-
ries. Reporting a PPV from a population study, whether it 
be from a large prospective study such as the NEXT study 
[2] or a clinical experience study such as this one, may not 

be applicable to any given patient. The use of a PPV cal-
culator can provide more patient-specific information but 
is highly dependent on the input values. Using the default 
values (specifically prevalence based on maternal age) and 
not considering other components of risk may lead to an 
underestimation of PPV. The PPV calculator used in this 
study allows for manual input of estimated prevalence and 
test sensitivity and specificity; however, this requires clini-
cians to account for the many clinical factors that affect a 
priori risk and have accurate information about specific-
ity for any testing platforms used. It is less useful in the 
hands of a laboratory because the diagnosis codes pro-
vided with samples are only very general, leaving maternal 
age as the only available patient-specific parameter.

Ultimately, PPV is an important statistical calculation 
that may provide a foundation for discussion and setting 
expectations regarding the significance of screening results. 
However, because it is a population statistic rather than a 
tool for the interpretation of individual patient results, spe-
cific PPV values should be approached with caution and an 
understanding of their derivation. Investigation into health-
care providers’ current understanding of PPV and its use in 
patient counseling for cell-free DNA screening would be 
valuable to guide future educational efforts.
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