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Non-invasive prenatal testing: a diagnostic innmvatshaped by commercial

interests and the regulation conundrum.

Abstract

Non-invasive prenatal testing (NIPT) is groundethi@ analysis of free circulating
fetal DNA (cfDNA) in pregnant women's blood. Thaling out of this screening method
was in large part driven by commercial firms, whitdped to reach a huge potential
market by offering a test that was expected tadiefree, reliable, inexpensive, and able
to detect a wide range of genetic traits of therichild. To date, most predictions about
the scope and uses of NIPT have not materialireP020 NIPT detects only a limited
number of genetic anomalies, while results haveetoonfirmed by amniocentesis.
Nevertheless NIPT has become a commercial suddessrtheless the implementation of
NIPT has tended to diverge across different natisetings. In countries that already have
state-sponsored screening for Down risk, NIPT leenloffered by the state health
insurance to women defined as “high risk”, usingagant of the test that detects only
three autosomal aneuploidies: trisomy 21, 13 and'h8se countries effectively regulate
the supply of NIPT on grounds of cost-effectivenasg reliability. In countries without
state-sponsored screening for Down risk, in cotitrasltiple versions of NIPT covering a
wider range of birth defects are commonly availairiedhe free market, and purchased by
women at low as well as high risk of having an etiée child. Market-based healthcare

systems tend to present women who can afford tdqrayIPT with a largely unregulated



choice of technologies — though reimbursement ratg®sed by private insurance
providers may serve in effect to regulate use bgé¢hconsumers who cannot afford to pay
for tests from their own pockets. This regulatoryedgence is shaped by the presence or

absence of prior state-sponsored screening prodi@answn risk.
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I. Introduction: NIPT—distinct trajectories of aadjnostic innovation.

Noninvasive prenatal testing (NIPT) examines frieeutating fetal DNA (cfDNA)
in maternal blood in order to identify fetal anoraal First introduced in 2011, NIPT is
now offered by numerous biotechnology companies @dropete in a world-wide prenatal
testing market. The declared aim of cfDNA-basedT\When first introduced, was to
provide a reliable and risk-free method of identifyselected genetic anomalies of the
fetus, above all the presence of an abnormal nugftgiromosomes (aneuploidy). In the
longer term, it was expected that cfDNA analysisilddoe expanded to provide a
“reading” of the entire fetal genome aimed at idfgimg a much wider range of genetic
conditions and risks (e.g., Benn and Chapman, 2Gi€ely, 2011). As of 2020, it is still

too early to decide what the future of NIPT will. hk@oking back over the first eight years



of diffusion of this approach (2011-2019), howeaerts us to a development that was
scarcely anticipated in the debates that precddedarketing — namely that the way NIPT
has been rolled out in different national settihgs tended to diverge, depending, among
other things, on whether countries already have-sgagonsored screening for Down
syndrome risk, or whether NIPT is delivered via kettbased healthcare.

In countries with pre-existing, nation-wide struetsi of screening for Down
syndrome risk, NIPT is distributed mainly througitional health systems and is limited to
a search for three major autosomal aneuploidissinry 21 (Down syndrome), 13 and 18.
In these settings, NIPT is usually (as of early®02"“second level screen” — proposed
only to women previously defined as being at higk of carrying a trisomic fetus through
first level screening using a combination of semarkers and obstetrical ultrasound — and
is regulated according to the same criteria (réitgpreproducibility) as those which
govern the use of serum markers to test for “Dowski’r

This contrasts with the US a devoid of a natiorelltih care system, where NIPT is
distributed primarily as a consumer item, availadiighe market, or with Brazil where,
since abortion is criminalized, national healtbtsyn does not include prenatal testing for
fetal anomalies. In these countries NIPT can betlmsged by high and low risk women,
and its users can decide whether they want to kordwif the fetus has trisomy 21, 13 or
18, or whether they wish also to receive additionfdrmation about other genetic
anomalies.

This divergence is far from being absolute. In ¢das where a national health
system confines NIPT to screening for the threeomajitosomal aneuploidies in high risk
women, affluent health care users can often cir@nnhthese restrictions by directly

purchasing other cfDNA-based tests. Moreover, tiogipion of prenatal screening by a



national health service does not neceserily meairtiie majority of pregnant women elect
the variant of NIPT it proposes (Metlzer, 2020).avehile in countries where NIPT is
distributed mainly through market mechanisms, th@aes available to women and
couples who cannot afford to pay directly for cfDSsts may still be restricted by the
reimbursement rules operated by their private heafturance providers, who act in effect
to regulate the scope of NIPT use.

In any given country, the adoption and use of cfDb&sed tests is thus shaped by
the structure of health care, local regulatory feark, legal constraints, cost/efficacy
considerations governing health insurance, andyebb by previous approaches to
screening for “Down risk.” Nevertheless, betweet R@nd 2020, the distribution and use
of NIPT in each country has generally tended ttofolone of two broadly divergent
patterns. This paper illustrates these by desgithe diffusion of NIPT in the USA on the
one hand and in Western European countries ontliee. dt then highlights how these
patterns of diffusion may be affected and modul@gtbcal circumstances by looking
first at the situation in Brazil and secondly, andre briefly, at China. The paper
concludes by stressing that although NIPT is grednd shared technology, its adoption is

shaped by situated variables.

The view of NIPT presented in this paper is garain a mixed methods approach to
contemporary history, using a combination of di@a$ervations, collection of testimonies, and a
historically-oriented reading of printed sourceBeTesearch was undertaken as part of a
collective program of comparative investigatiorttgd history and current practices of prenatal
diagnostics and testing in Europe and Brazil, winctuded numerous interviews with key

actors (Ville et al., 2013). In this context, theéteor conducted three years of observation of fetal



pathology and clinical genetic practices in Fraaeé Brazil, including interviews with the
clinical specialists (Lowy, 2018). Additional infoation on China derives from shorter
collaboration on local uses of NIPT (Zeng et alL&@0 The present text is primarily based on a
reading of the literature relating to the implenagiain of Down risk screening and NIPT in the
different countries, informed by the findings oétproject as a whole and selected to illuminate
the different ways that NIPY was developed impletedrin the different countries. Where
interview data are reported in the present texly tire from the author’s research with clinicians

in Brazil.

ii. Screening for Down risk before NIPT.

The first prenatal tests for genetic disorderspuhiced in the late 1960s, employed
invasive technologies to collect fetal cells, eitiem the amniotic fluid (amniocentesis)
or the fetal part of the placenta (chorionic vilkenpling (CVS)). The fetal cells could
then be tested for the presence of an abnormal euaitlthromosomes (aneuploidy) or for
biochemical markers of a hereditary metabolic dise&ynecologists and public health
experts were especially concerned about the rigkosfn syndrome (trisomy 21). Women
of “advanced maternal age” were understood to Iégheer risk than younger women of
giving birth to a Down syndrome child, so were aevd to undergo amniocentesis or CVS
to determine the fetus’s chromosomal status. Howeweniocentesis and CVS were also
linked with risk of spontaneous abortion of a h@aletus. In younger women, the risk of

losing a pregnancy following an invasive test wasnsas higher than the risk of having a



Down syndrome child. Consequently, physicians didracommend such tests to women
under 35 (Lowy, 2014).

In the early 1970s some experts did propose ta affeniocentesis for Down risk to
all pregnant women (Stein et al, 1973), but this wgrogrammatic statement rather than a
realistic suggestion: amniocentesis was too risid/expensive to become a generalized
prenatal test. In the 1980s and early 1990s, honexperts discovered that fetuses with
increased nuchal translucency (accumulation ofdigpehind the fetal neck, visible using
ultrasound) at 11-12 weeks of pregnancy were dtdnigsk of trisomy 21. They also
found that changes in levels of certain biochemicatkers in a pregnant woman’s serum
indicated a higher probability that the fetus hacabnormal number of chromosomes. An
algorithm combining data from ultrasound and setests, together with a woman’s age,
was developed to calculated the woman'’s individask number,” that is her odds of
carrying a fetus with a chromosomal anomaly. Theitle a “risk number” higher than a
predetermined value (typically 1 in 150 to 1 in B@@re offered the possibility of
undergoing an invasive test. The introduction eSepreliminary non-invasive tests made
it possible to implement screening of all pregnaaimen for “Down syndrome risk.” This
in turn favored a rapid extension of prenatal dasys and would become the moving
force behind the development of cfDNA-based NIP®wl, 2017).

Screening for Down risk was introduced in severalst¥®rn European countries
where prenatal care is partly or totally coveredhbiional health insurance, but the
specific form of such screening and its uptake Haeen highly variable (Boyd and Game,
2011). Often screening was first offered in therfesavork of large-scale clinical trials.
When these trials showed screening to be effedtivegs integrated into national systems

of pregnancy care and surveillance. In the US wosmgcisions about screening for



Down risk were often affected by advice providemhf their healthcare providers and by
their access to resources. By consequence feweewaomderwent testing for Down risk:
experts estimated that fewer than 2% of pregnamtevoin the US underwent
amniocentesis for this indication, compared to 5+i%/estern Europe (Greely, 2011). In
the absence of organized screening for Down rigknen, especially those from lower
socioeconomic strata, thus had fewer opportunitiéearn about health problems affecting
their future child, and to elect to terminate thegmancy where that option was available.
This was seen as a problem by advocates of sciggaamnd as a blessing in disguise by its
opponents (Vassy, 2006).

Important differences in organization of screerfilgDown among Western
European countries stem from differences in loeallth care cultures and organization of
prenatal care (Crombag et al, 2014; Vassy ettdl4 P In France, screening for Down risk
was introduced in the early 1990s, and in 200Ftleach Health Ministry officially
recommended that all women be offered first semasteening for Down. Screening is
voluntary, and women have to sign an informed cotnfgem, but refusals to undergo
screening are relatively rare (Vassy, 2006; Dommnesget al., 2010). The UK
implemented several pioneering programs for fieshaster screening around 2000; and
these were gradually extended in the following g€&villiams et al, 2005; Thomas,
2017). Overall uptake of screening for Down syndeamthe UK is lower than in France,
as is the (official) number of terminations of pnagcy following a diagnosis of fetal
anomaly. However the French and the UK data arstniatly comparable since in the UK
women can abort without providing a medical reasatil 24 weeks of pregnancy,
compared with only 14 weeks in France (Vassy €2@l4). Denmark has a very high

acceptance rate of screening for Down, as doearkinBy contrast, in Norway screening



for Down is offered only to women over 38 years #mbke known to have an increased
risk of giving birth to a disabled child, and thetake of screening for Down is relatively
low. In Sweden and Iceland women receive detaiéarination about screening for
Down, but are not actively encouraged to underg8ahwennesen et al, 2010; Mescus,
2012). In the Netherlands women are not encourtgsdreen for Down risk and the test
is not covered by the national health insurancelewBelgium adopted a similar screening
model to the French one (Crombag et al, 2014; Rare2016).

Visibility of the risk of Down syndrome and, by exssion, of other fetal
chromosomal anomalies is thus a situated entitgflects complex interactions between
legal, economic, material, sociocultural and preif@sal considerations. Differences in the
implementation and diffusion of tests to reveal phesence of fetuses with chromosomal
anomalies produce what, following anthropologistriyéaet Lock, we might call “local
fetal biologies” (Lock, 2001). Meanwhile, debate®othe diffusion and regulation of
“screening for Down” reflect persistent unease \aitthagnostic approach which, although
often presented as intended to help parents prépatiee birth of a “special needs” child,
in practice often results in a decision to termer@fpregnancy. In this regard, prenatal
diagnosis of a genetic condition is radically diéfet from other genetic tests. Where
debates over such tests typically include constaers of their clinical utility
(Parthasarathy, 2007), the highly emotional teriatetbates over abortion for non-lethal
fetal indications, entangled as they are with dis@ns of disability rights and fears of
presumed eugenic aspirations to exterminate imgienienans, have made it very difficult
to establish a single, agreed evaluation of threaal utility of screening for Down

syndrome.



iii. Marketing of an industry-driven innovation

Industry—especially the pharmaceutical, biotechgglor medical instruments
industries—has long been a major driver of bioma&dimovation (e.g., Hobby,1985;
Blume, 1992, Marks, 2015). This was especially entdn the case of NIPT. Initial efforts
to develop approaches to examine fetal hereditatgmnal using cells or free nucleic acids
in maternal serum were made in public sector rebdaboratories. But industry soon
came to play a key role in the large-scale testimd) validation of this technology.

Scientists first attempted to isolate fetal cetisgent in the maternal circulation in
the late 1970s using the newly developed cell sarstrument (Herzenberg et al. 1979).
The inventor of the cell sorter, Leonard Herzenpkegl a son with Down syndrome, and
was especially interested in prenatal diagnostkisfcondition (Bianchi, 2010). However,
despite partial successes in the research labgraimentists failed to develop clinical
applications of this method. The breakthrough cauiitie the discovery of significant
amounts of circulating free fetal DNA (cfDNA) inglblood of pregnant women by Denis
Lo, then at Oxford university, and his collaborat@ro et al, 1997; Bianchi, 1998; Landau
2012; Romero, 2018). In the 2000s, the increasovgep of computers led to the
development of a new genomic technology—next geioeraequencing—which made
possible the development of cfDNA-based tests teai®own syndrome. In 2008, Denis
Lo’s group at the Chinese University, Hong Kong &tephen Quake’s group at Stanford
university independently patented cfDNA-based test®own. Though working in
academic institutions and funded by public moneysIigroup was at that point

collaborating with the biotechnology firm Sequen@mg Quake’s group with the firm



Verinata, who funded and promoted the large-sedits of the new technology, with
diagnosis of trisomy 21 as their first stated dhahdau, 2012; Davis, 2013; Agraval et al,
2013; Twiss et al., 2014; Lo, 2015). Marketed aadacal revolution in prenatal diagnosis,
the cfDNA-based tests rapidly entered a periodoofimercial exploitation, patent wars
and intense competition for markets. The predigtiohhigh profitability that motivated
this competition were quickly fulfilled: in 2018rgnatal tests —which include cfDNA
based tests, but also multi-gene panel tests —rdted the market for genetic testing
(Evans and Veermeesh, 2016; Philips et al. 2018).

The new technology, first known as non-invasivenptal diagnosis (NIPD) then
non-invasive prenatal testing (NIPT), was initiadlynceived as a replacement for the
existing methods of screening for Down syndrometi@aarly serum tests. In 2012
clinical trials validated NIPT’s capacity to detésomy 21, 13 and 18 (Palomaki et al,
2012), and four cfDNA-based tests—Segenoms’s Mail&th Plus, Verinata’'s Verifi,
Ariosa’s Harmony, and Nantera’s Panorama—obtainaitketing permission in the US.
Initially priced between $800 and $1400, by 2018 phice-range for NIPT was reported to
be $500-$2100. This was more expensive than atteenmethods of testing for Down risk
(Allyse and Wick, 2018)—one of the main reasons whatonal health systems did not
rapidly adopt this technology as a first-tier tést2013, tests for abnormal numbers of sex
chromosomes and for fetal sex were added to Sequemdaterni T21 Plus, Verinata’'s
Verify, and Nantera’s Panorama (Agrawal et al, 20¥&hile women could elect to test
only for trisomy 21, 13 and 18, many women optadfie full range of tests, despite the
fact that screening for sex chromosome anomaliesdweer predictive value than

screening for trisomy 21 (Allyse and Wick, 2018 nfianev et al, 2018; Bianchi, 2019).



Initially NIPT was proposed only to women definedeing at high risk of a chromosomal
anomaly. However, NIPT producers were keen to ptbaethe test was efficient in low-risk
women too—a much larger market for their products.

The first studies of the use of NIPT by low-riskmwen, published in 2014, and funded by
the genetic testing company lllumina, supported tiew. In half of the “low risk” women who
received a positive NIPT result for Down, this féseas confirmed by amniocentesis. By
contrast, only about 4% of women classified asdpairhigher than average risk of carrying a
Down syndrome fetus using a combination of seruchwdtmasound markers had that result
confirmed by amniocentesis (Greene, 2014). Thiglr@gas not seen as entirely reliable, as the
trial enrolled only a relatively small sample of wen. Moreover, some experts favored first-
level screening with a combination of serum andhstiund markers because it made possible the
detection of a wider range of fetal anomalies. @gaently, guidelines issued in 2015 by the
American College of Obstetrics and Gynecology (AQ@@ not validate the use of NIPT in
low-risk women (ACOG, 2015; Benn et al., 2015).

Despite the lack of official endorsement, howetlee, use of NIPT as a “first screen”
rapidly came to dominate the diffusion of this testhe US. By the end of 2016, several North
American professional societies such as the Sofwetylaternal Fetal Medicine (SMFM), the
American Congress of Obstetricians and Gynecol®gSCOG), and the American College of
Medical Genetics and Genomics (ACMG) had alteredt fosition to recommend that NIPT can
be made available to all pregnant women. This wi&s also endorsed in 2017 by the Society of
Obstetricians and Gynaecologists of Canada (SO@€jle Canadian College of Medical
Genetics (CCMG), though noting that NIPT might betfunded by the public (provincial) health

insurance systems (Birko et al., 2018). Data frestst performed by Ariosa company show that



while in 2014, 70% of the demands originated frammmen over 35, the proportion of older
women had decreased to 50% in 2017 (Chen et a)201

One of the consequences of the rapid diffusion|®TNn the US was that many
women who primarily sought reassurance that tieirsfdid not have Down syndrome, but
who accepted the additional tests for sex chromesameuploidy (SCA), learned that their
fetus had a high probability of an anomaly theymigtherwise never have heard about. In
some cases this information may have influenced evosndecisions about the future of
their pregnancy; in others, it might have influesthgarents’ perception of their child,
potentially depriving that child of the opportuntty have a childhood unburdened by
parental knowledge of their genetic difference (ldoidvBath et al., 2018; Kornman et al.,
2018).The problem of unanticipated findings of NWwas amplified in 2014 when several
companies proposed “extended” NIPT that teste@daiitional chromosomal anomalies
(mostly deletions) linked with other inborn impagnis—some of which, such as
DiGeorge syndrome (22q11.2 del), have variableesgon (Hayden, 2014). Offered at a
somewhat higher price than “basic” NIPT, this “@ded” or “complete” NIPT was
marketed, like the more basic versions, as a melgmeparing parents for the birth of a
“special needs” child (Loéwy, 2017). Presented asm@problematic improvement of the
existing test, it was criticized nevertheless bysmbstetricians, who pointed out to
uncertainties produced by the “complete” NIPT (A#yand Chandrasekhran, 2015;
Hashiloni-Dolev et al., 2019; Metzler, 2020).

NIPT is not presented as providing a firm diagnosia genetic anomaly; rather,
pregnant women are told that the results have tmwhérmed by amniocentesis or CVS
(Stoll, 2013; Dondorp et al., 2015; Taneja et2016). Not all women accept this

principle, however. In the US, 6% of women whos@Nresults indicate a high



probability of fetal chromosomal anomaly electea@lbort without further verification,

while a significant proportion of those diagnosathva high probability of sex
chromosome aneuploidy elected not to perform amltalitests (Dar et al, 2014; Ramdanev
et al, 2018). In many such cases, it is likely thamen decided to terminate a pregnancy
on the basis of early NIPT results alone becausg pheferred not to wait until it was
possible to confirm those results with amniocestasid risk facing a more complicated
second-trimester abortion.

The introduction of NIPT followed a very differetngjectory in Western European
countries which implemented the technology throtngdir national health systems. These
countries followed the recommendations set outshared position document on the uses
of NIPT, issued in 2015 by the European Societiwinan Genetics and the American
Society of Human Genetics. This document recomnektiu, for the time being, the use
of NIPT be limited to searching for just three admal aneuploidies: trisomy 21 (Down
syndrome) and trisomy 13 and 18—these last twoitiond being linked with very high
rates of prenatal and postnatal mortality. It alsmdommended that NIPT be offered only to
women already defined as being at “high risk” afothosomal anomalies. Those with
positive results of NIPT are then offered an invadest. This use of NIPT as “second-
level screen” markedly increases the odds thabaasive test will confirm the presence of
a trisomy (Dondorp et al., 2015). In early 201® Erench national health system adopted
such use of NIPT, and at the same time increageththshold definition of “higher than
average risk of Down” from 1:250 to 1:1000 (HAS 12D The British NHS proposes to
gradually do the same, but without modifying it$imiéon of “high risk of Down” from

the current level of 1:150.



The decision not to offer NIPT as a first scredteots mainly cost/efficacy
considerations. While advocates of NIPT as a $icseen argued that this approach detects
more cases of autosomal trisomy than the combmati@erum markers and nuchal
translucency (Hashiloni-Dolev et al, 2019), healdiministrators in several European
countries were not persuaded that the small ineradetection rate justifies the higher
cost of screening. By contrast, testing for condii such as sex chromosome anomalies
and deletions was rejected because these teqie@edved to be less reliable, leading to a
risk of undesirable outcomes and posing difficttii@l dilemmas. While a fall in the cost
of NIPT may therefore make it more acceptable fastascreen, it is less likely to lead to
the adoption of “extended NIPT” (Birko et al, 20 BBamdaney et al , 2018; Metzler,
2020).

In countries with pre-existing screening for DoWHPT is presented as simply a
technical improvement of such screening, whilegbssibility of replacing serum tests for
Down risk with the use of NIPT as a first screentfsomy 21, 13 and 18 is not expected
to produce a dramatic shift in pre-existing patseshprenatal screening. While affluent
users in Europe, including “low risk” women, cangovate to purchase either a “basic” or
an “extended” NIPT test, it seems likely that oalgmall fraction of women in countries
with a national health insurance system will pusghBlIPT on the private market.

Rather, the introduction of NIPT into countriestwitational health systems and pre-
existing Down screening is expected to producguifitant decrease in the number of
amniocenteses performed, thus sparing women tinegpai stress linked with this invasive
test (Chitty and Kroese, 2015; Dondorp et al., 204d&rn, 2019). It is expected to reduce
the number of spontaneous miscarriages due toireveests, though a prospective French

clinical trial failed to detect such an effect (Malet al, 2018). The introduction of cfDNA-



based tests in countries with pre-existing scregefon Down has thus produced (for now)
only relatively modest changes in prenatal diaghoaiher than the revolution that some

predicted (Zeng et al, 2016; Lewis et al, 2017).

iv) Discussing NIPT before and after the markeththis diagnostic

technology.

In 2007, as commercial marketing of cfDNA-basedstézoked increasingly
imminent, US jurist Carolyn Jacobs Chachkin produgeletailed and thoughtful review
of the potential advantages and pitfalls of the dégnostic technology. Chachkin
assumed that cfDNA-based tests would provide anitie® diagnosis of fetal anomalies,
and would be much cheaper than existing diagnagticoaches (she estimated that their
price would be between $100 and $200). On thasp&$iachkin predicted that these tests
would rapidly become integrated into routine praheare, dramatically increasing the
number of US women who use prenatal genetic tesBngh testing, she anticipated,
would rapidly become the standard of care, woulfubg covered by insurance
companies, and would become as popular as prarnatdound. A probable consequence
would be a significant increase in abortions féafanomalies and a significant decrease
in the proportion of babies born with genetic disos. The introduction of cfDNA-based
diagnosis might therefore increase the pressuabad impaired fetuses, leading to a
subtle form of eugenics. Overall, however, Chachigwed the arrival of the new tests as

a very positive development (Chachkin, 2007).



Other US scholars shared Chachkin’s assumptions@meerns. They too assumed
that the new technology, then coming to be knownasnvasive prenatal diagnosis
(NIPD), would rapidly became accurate and inexpensind would detect a great number
of hereditary or genetic disorders. They viewedédascale diffusion of commercially-
produced NIPD as an ineluctable development, amigubboth to its potential advantages
(enlargement of parental choice and a probablecteatuof prevalence of severe
hereditary disorders) and to its possible dangarerivhelming parents-to-be with
confusing and stress-generating information; a posfard abortion for moderate and
minor fetal impairments; and greater stigmatizatod social exclusion of those living
with disabilities) (Benn and Chapman, 2009; Benth @hapman, 2010; Greely and King,
2010; Greely 2011; Proffitt, 2013). These risks mige amplified by direct-to-consumer
(DTC) diffusion of NIPD (Haymon, 2011; De Jong &t2011).

UK experts who evaluated NIPD’s future were mametious. They predicted that
the new technology would be employed to detectsaun@l aneuploidies, but were less
certain that it would move rapidly beyond this ration. They were also less sure that
NIPD would swiftly replace testing for serum maikef fetal anomalies. Nevertheless,
they too assumed that cfDNA-based tests for a vadge of genetic conditions would
reach the market in the relatively near future, iypg the ethical dilemmas associated
with selective abortion for fetal indication. Sutitemmas, they added, might be
exacerbated by the fact that NIPD was being deeel@xclusively by private companies
and would be commercially marketed (e.g. Hall et2009, Wright, 2009). Discussions
about the future of cfDNA-based tests did not irvé&linical utility” since it is difficult to
frame potential prevention of the birth of impaidldren in terms of “utility”, but they

did discuss potential social harms associated ke tests. They also did not explicitly



debate the possibility of prohibiting specific ue¢dNIPD, nor of their marketing directly
to consumers.

Scholars who participated in the early debates IBtDNn the USA and the UK did
not predict that the results of cfDNA-based testsil need to be confirmed by an
invasive test, nor did they doubt that the diffusad tests for selected chromosomal
anomalies would quickly be followed by cfDNA-badedts to “read” the entire fetal
genome. This did not happen: while in 2020 it chtecally possible to sequence the fetal
genome using cfDNA, it is simpler and less expemsivsequence DNA extracted from
fetal cells in the amniotic liquid. Experts failempredict the persistently high price of
cfDNA sequencing. And they did not discuss the gy that the inclusion of NIPT into
already-existing national screening programs foo\D risk” would follow a different
path from the market-based diffusion of the sarae fé@nally, they did not anticipate that
in some cases a cfDNA-based test would reveal angpected maternal pathology,
usually a malignancy (Bianchi et al., 2015).

Once the tests—now renamed NIPT—were availabléhemiarket, the questions
asked about them, especially in countries withtaonal health system changed. Some
scholars continued to invoke the potential consege® of cfDNA-based whole-genome
scans (e.g. Ravitsky, 2015; Shakespeare, 2015diBeussions now focused mainly on
the implications for existing screening programsr@jor chromosomal anomalies. Many
of the questions asked in these debates, for iostalnout evaluating the specificity and
reliability, cost and efficacy of a given test, iesmbursement by insurers, or the need for
informed consent, had already been raised in eadikates about the use of serum
markers to determine “Down risk”. Debates about N&éPso shared with earlier

discussions a tendency to eschew the thorny idsselextive abortion for fetal



indications, and an implicit consensus that profesds would be the main gate keepers
for access to tests, while such access would &sodiectly regulated through health
insurers’ reimbursement policies (CCNE, 2013; BelgiAdvisory Committee, 2016;
Horn, 2019).

Other potentially problematic aspects of NIPT wssen as specific to this
technology, including the exclusive development difidision of NIPT by commercial
firms, and the risk that NIPT would be integratetbiroutine surveillance of pregnancy
without adequate counseling. The rapid developrokgenetic counseling in the 1970s
had been linked to the need to help women decidghehn to undergo amniocentesis,
associated as it was with increased risk of a spm@atus abortion (Stern, 2012). Since
NIPT does not carry such a risk, it was feared Wanhen would take this “simple blood
test” without being adequately informed about thture of the test and the precise
meaning of a “positive” result. Women who underwiiT, but also some health care
providers, might confuse NIPT’s high specificitydesensitivity with positive predictive
value—that is, the probability that a woman whagemsitive for a specific fetal anomaly
does indeed carry a fetus with this anomaly, aaéei which depends on the frequency of

that anomaly in the tested population (Shakesp@8ih; Lewis, 2017, Birko et al., 2018).

v. NIPT outside North America and Western EuropezB and China.

Diagnostic technologies based on examining cfDN#&&maternal circulation

rapidly reached Brazil, where they took a spedditn. From the early 2000s on, several

years before cfDNA-based tests for Down syndrontaime available, Brazilian



laboratories developed cfDNA-based tests to dégtat sex (Levi et al., 2003), Women do
not have Y chromosome markers, and the presenéebfomosomal DNA in the blood
of a pregnant woman thus indicates that she iyiogra male fetus. Testing for fetal sex is
possible from the sixth to seventh week of preggaacd is much simpler and cheaper
than cfDNA-based tests for abnormal chromosome runiNdedical reasons to detect fetal
sex early in pregnancy include when a woman issktaf giving birth to a child with
congenital adrenal hyperplasia (CAH). In such casase experts recommend early tests
to determine if the fetus is female, followed bgatment with the steroid dexamethasone
to attenuate “virilization” of the fetus—whereasBureatment, and its secondary effects
on the mother, can be avoided if the fetus is r(idéav et al., 2014). However, there are
also many non-medical reasons why a woman might eaty knowledge of the fetus’s
sex, from curiosity and a desire to know more alautfuture child, to a wish to abort a
fetus of the “wrong” sex.
Similar tests, including Baby Gender Mentor™ (mactifired by Acu-Gen Biolab

Inc.) and Pink or Blue® (Consumer Genetics Indgo guickly became available in the
USA—marketed directly to pregnant women as a meadstermining their fetus’s sex
using blood from a finger prick, at a price of appmately $250. Experts were critical of
these tests, mainly because firms were not requrechintain high standards of reliability,
but also because of the risk of prenatal sex sefeatspecially in societies which favor
male children (Bianchi, 2006; Hall et al, 2009).tkiMihe commercialization of “basic”
NIPT which included an option to reveal the fetuseg, tests that detected only fetal sex
became less visible, at least in Western EuropeNamth America.

Such tests remained popular in Brazil, howeveredat locally-produced tests that

reveal the “baby’s sex” early in pregnancy contitmée offered to middle-class women,



sometimes as a part of a prenatal care packagprinae clinic. The tests are relatively
inexpensive, their price in 2015 was at around 800+eals (approximately $80-$100), an
acceptable sum for a middle-class woman. Streeecabstetrical ultrasound clinics can
reveal fetal sex for a much lower price (in somgesaas little as 20-30 reals), but this is
only possible in the second trimester of pregnatypically at 20-22 weeks (Mirlesse,
2014). The widespread preference for earlier isdisked to the cultural importance, in
Brazil, of knowing the fetus’s sex: as soon as ithisnown, the future child becomes “our
baby,” is given a name, and middle-class familtast shopping for gender-appropriate
clothes and accessories (Chazan, 2008). Announcderharietus’s sex is becoming a
culturally significant event in the US too, celdiedin the increasingly popular “sex
revealing” parties (Vincent, 2018). But detectidriedal sex as a key milestone in making
the future child “real” is not a universal trait llsrael, pregnancy is perceived as fraught
with danger, and Israeli-Jewish families do notebehte baby showers or organize sex-
revealing parties; some even refrain from purchgbeby clothes and furniture until the
child’s birth. On the other hand, Israeli anxiebpat pregnancy encourages the use of a
wide range of prenatal tests (Ivry, 2009; Zielingkal Léwy, 2017).

Brazilian families do not have a strong preferefocenale children, and Brazilian
gynecologists state that the detection of fetallgexno incidence on rates of termination
of pregnancy. Detection of chromosomal anomaligbénfetus has a very different
meaning. Abortion for fetal indications is illegalBrazil, with the sole exception of
anencephaly, and the Brazilian national healthesystoes not offer prenatal diagnosis of
fetal impairments (Diniz and Medeiros, 2010). Hoe\wonly poor Brazilian women use
the state-provided maternity services, while middled upper-class women use the

services of private gynecologists. These gynecstsgespecially those working in upper-



end maternity clinics, tend to prescribe numeraagrbstic tests which, together with the
use of sophisticated medical imaging equipmentsaen to stand for cutting-edge, high-
quality medicine. Among other tests, middle- angerpclass pregnant women frequently
undergo serum marker and nuchal translucencyfast®own risk” at the end of the first
trimester of pregnancy. If these tests indicateghdr than average risk of fetal anomaly,
the woman usually undergoes amniocentesis, ahe ifesult is “positive,” she can elect to
have an illegal—but safe—abortion in Brazil or ghabroad to legally terminate the
pregnancy. The small number of children with inbdefiects born in private hospitals and
clinics indirectly indicates that affluent Braziiavomen commonly undergo selective
termination of pregnancy (Horovitz at al., 2013).

In 2013, two US producers of NIPT—Ariosa, produakthe Harmony test, and
Natera, producer of the Panorama test—signed agmsrwith Brazilian laboratories to
offer NIPT to Brazilian women. Regulation was notissue, since the tests were offered
only in the weakly regulated private health sediscussion of these tests in the Brazilian
media, and publicity leaflets issued by commerigat providers, stressed that the new
technology would help families to prepare for tlhrthbof a “special needs” child.
Laboratories offering NIPT in Brazil also took irdocount the fact that the average
maternal age there is lower than in industrializedntries. Brazilian publicity for the
Panorama test, for instance, explains that whibeventional” NIPT detects only trisomy
21, 13 and 18, a “complete” test also detects s¢ebromosomal deletions. Down
syndrome, the leaflet adds, is more frequent ieroldomen, while the risk of
microdeletions does not depend on woman’s agepesghant women under thirty are
therefore at higher risk of having a child with &radeletion than with Down syndrome,

so are advised to have a “complete” test.



Initially, many specialists thought that NIPT wdwnly find a limited distribution
in Brazil, mainly because the price—at that timpragimately $1200—was four to five
times higher than screening for Down risk througlombination of serum tests and
ultrasound. In only a year, however, NIPT had bexdinmly integrated into prenatal
testing in the Brazilian private health sector. ivgaultural factors explain this rapid take-
up. In Brazil, private health insurance does nowhbeirse many of the services provided by
private maternity clinics, and women who chooséhatlimics are often willing to pay for
services from their own pockets. Gynecologist vieawed for my study of prenatal
diagnosis in Brazil explained that in a sub-cultilvat puts to the fore the consumerist
aspect of maternity, the purchase of an expen$dA-based test may be seen by some
women as a less frivolous pregnancy- and childbetated expense than the purchase of
items such as an expensive baby pram. Besidepritteeof NIPT, though high, is lower
than other health expenses such as a consultatibrawell-known ultrasound expert.
Consequently, while the majority of Brazilian usefNIPT are “low risk” women, the
test’s cost does not discourage affluent women wiéuat rapid reassurance that “the baby
is all right”, and ultrasound experts working inpgp-end gynecological clinics attested
that their patients often arrive for their 12-weeksasound examination with NIPT
results.

The free-market trajectory of cfDNA-based testBrazil is in marked contrast to
what happened in another intermediate economy, Iyadiena. Chinese NIPT was a local
product. Between 2011 and 2014 several Chinesatproompanies, including Beijing
Genomic Institute (BGI) and Berry Genomics (acti® on the European market),
marketed NIPT for Down syndrome and other aneumsi(Heger, 2014; Heger, 2015).

Chinese cfDNA-based tests were less expensiveWestern ones, but their pric2000-



3000 RMB, about $250-350, in 2016) still made them too expensive for loweassl users.
The Chinese NIPT tests circulated freely on therimdl market for about three years, but
in February 2014, the Chinese Food and Drug Adrmatisn and the National Health and
Family Planning Commission announced that the siiffia of all prenatal genetic tests,
including NIPT, was suspended until the implemeatadf a new regulation. This

decision was taken on the grounds that the comalemarket for genetic testing was
chaotic, the quality of the tests was highly vaealnd there was no guarantee that the
companies that produced genetic tests could delbet they promised. In June 2014 the
Chinese regulatory agencies granted conditionaketizug permits to a small number of
cfDNA-based tests produced by well-known manufaatirThese tests are available on
the private market. In addition, however, sevei@h€se provinces incorporated NIPT for
selected indications into state-sponsored pareatal and proposed partial reimbursement
of the tests’ costs (Zeng et al, 2016; Jin et@1,7). The Chinese approach, in which NIPT
is assimilated to other genetic tests and its pierg are strictly controled by the state,
contrasts with the attitude of Western Europeamtraas and the US which do not

regulate private purchase of cfDNA-based testscpites=d by a woman’s doctor.

v. Discussion: global markets, situated uses.

The short history of NIPT displays the complicateldtionship between the global
and the local in health care. Social scientistseiasingly recognize the need to pay
attention to the contexts that shape the productiffusion and regulation of new

diagnostic and therapeutic approaches, and ackdgeliat one size does not fit all.



Diagnostic innovations—Ilike other technologicalawations—come into being in a full
world. They compete with already existing techn@sgnd are shaped by institutional
and organizational variables, economic and politoasiderations, local medical cultures,
and legal and regulatory frameworks. In the cagelBfT, the regulation of marketing and
use tended to follow the general rules alreadylagein different countrie to govern the
marketing of related tests, notably those thatdether serum markers for elevated risk
of having a child with Down syndrome. National ukgory instances were mainly
concerned about cost-efficacy and reliability. tagtice, the diffusion of this biomedical
innovation reflected national and regional differes in structure of health insurance,
cultural variables” writ large, and, in many West&uropean countries, the history of
implementation of nationwide screening for “Dowskel

NIPT was introduced by biotechnology companies piniairitized private or semi-
private markets and tests that detect major chromakanomalies (Chandrasekharan et al,
2014; Minear et al, 2015). However, one could imag different configuration, in which
this diagnostic technology was supported by puinicharitable funding, and harnessed to
the goal of improving prenatal care in lower-incooogntries. In such countries, women—
especially those who live outside urban centers-ehiavited access to advanced
diagnostic approaches such as high-quality obstéwitrasound and amniocentesis. NIPT
could partly compensate for the shortage of qealifiynecologists and ultrasound experts
because blood samples of pregnant women can ket by community health workers
and sent to a central laboratory. As a result, naemmen could receive information about
fetal anomalies and—if they live in a society inighhabortion is not criminalized—could
make an informed choice about the future of theegpancy (Allyse et al., 2015). One can

also imagine cfDNA-based tests tailored to thethaaeds of populations outside North



America and Western Europe, by being calibratedketect locally important diseases such
as thalassemia or sickle cell anemia (Mozersky, &04.7). For now, however, the latter
possibility is purely theoretical. Technologiesangorate in their design the values that
have guided their development. We cannot know haiDalA-based diagnostic approach
shaped by different values and considerations niigté looked, or how it could have
been distributed and regulated.

In 2009 the UK-based Public Health Genomics Fouadaiublished a report on
the ethical, legal and social issues arising frethfcee nucleic acid technologies. The
report included a disclaimer, stating that sinaeftéld of non-invasive prenatal diagnosis
is extremely dynamic and technology is developiaegyvapidly, its analysis was only
accurate as of the publication date (Hull et aQ90The same disclaimer is valid for the
present paper too; it provides a—surely incompletgerview of the rolling out of NIPT
as of spring 2020. The observation that many opthtgications that discussed cfDNA-
based tests before they came into practice rapeltame obsolete, is an invitation to be
modest. It is not possible to know whether NIPTl waintinue to be employed in its
present form, will undergo important modificationswill be replaced by a very different
approach to screening. Nor can we know whetheillibbe& submitted to more formal
regulation, or if its use will continue to be shdgwy the decisions of doctors who
prescribe this test and by women’s access to ivéder, it is reasonable to assume that
whatever the future of NIPT will be, it will contile to be strongly affected by situated
variables. It is also reasonable to assume thdewhs possible to collect at least partial
information on cfDNA-based tests prescribed by thejatofessionals and employed in the
framework of medical supervision of pregnancy, gthess visible, and, in some, countries

illegal uses of this technology, such as sex Selecmay exist as well. The central role of



industry in the development of this diagnostic watton, strong links between NIPT and
the highly contentious topic of selective abortiand the weak regulation of marketing of

tests, may favor the existence of gray zones oN&thased prenatal testing.
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Usesof non -invasive prenatal diagnosis were often shaped by commercia firms
In spite of itslimitations, non -invasive prenatal diagnosisis amarketing success.
There are important national differences in use of non-invasive prenatal diagnosis.

Stratified uses of non -invasive prenatal diagnosis produce situated fetal risks.



Non-invasive prenatal testing: a diagnostic inimvedriven by

commercial interests and the regulation conundrum.

Abstract

Non-invasive prenatal testing (NIPT) detects dhpgpbability of fetal
chromosomal anomalies through the analysis ofdmealating fetal DNA (cfDNA) in
maternal circulation. This diagnostic method wasettgoed exclusively by commercial
firms, who hoped to reach a huge potential markigh a test, expected to be risk-free,
reliable, inexpensive, and able to detect a widge&aof genetic traits of the future
child. As for now, the majority of the predictioabout the scope and uses of NIPT did
not materialize. In 2018 NIPT detects only a liditeumber of genetic anomalies, its
results has to be confirmed by amniocentesis. Nleeess NIPT became a commercial
success.The diffusion of this test led to develapmoé two distinct configurations. In
the first, gradually implemented in countries watstate- sponsored screening for
“Down risk”, women defined as “high risk” are ofézt a variant of NIPT that detects
only three autosomal aneuploidies: trisomy 21,1d@ B, an non-absolute but in
practice efficient regulation of its uptake. In $exond, diffused in countries without
state -sponsored screening for Down risk, sevesnaions of NITP are available on the
free market and, while professional associatiomsad guidelines for the use of this
test, these guidelines were mostly disregardedisigleo can afford to pay for NIPT

from their pocket can decide whether, when and tihey wish to use this diagnostic



technology, while those who rely on reimbursemdmId P by their insurer depend on
the insurer’s decision which tests they will cov@ifferences in access to NIPT in
different countries and social strata producewsas#d awareness of risk of fetal

impairment and local fetal biologies.

Keywords:
pregancy, fetus, selective abortion, amniocentesisulating free fetal DNA,

non invasive prenatal diagnosis, genetic testirgyysyndrome.

I. Introduction: NIPT—distinct trajectories of aadjnostic innovation.

Noninvasive prenatal testing (NIPT) studies freeudating fetal DNA (cfDNA)
in maternal serum, in order to identify fetal aradies. This diagnostic method is
proposed by numerous biotechnology companies whipete in world-wide market of
prenatal testing. The aim of of cfDNA-based diagitamethods, was to provide a
reliable and risk-free method of visualization efexted genetic anomalies of the fetus,
above all the presence of an abnormal number ahocbsomes. A more remote goal
was to extend the scope of analysis of fetal DNA aovide a “reading” of the entire
fetal genome. (e.g., Benn and Chapman, 2010; Greelyi). In 2018 it is too early to
decide what the future of NIPT will be. Neverthsléise first seven years of diffusion of

this diagnostic approach (2011-2018) point to settigyment absent from debates that



preceded its marketing: the existence of two distnodels of its distribution, one
introduced in countries with preexisting, natiordesistructures of screening for Down
risk, and the second in countries devoid of eittagional/ centralized health care
system, a systematic screening for Down syndroske oir both.

In the first configuration, NIPT is distributed mby through a national health
system and is indirectly regulated by the rules$ ¢foernscreening for “Down risk,”. In
this configuration, NIPT is limited to the searditrisomy 21, 13 and 18. It is a “second
level screen,” proposed only to women previougifrebd as being at a high risk of
carrying a trisomic fetus through a “first levelesening”: a combination of serum
markers and obstetrical ultrasound. In this comfigjon, NIPT is is regulated by the
same rules (reliability, reproducibility) that gaw the use of tests for for serum
markers of “Down risk.” In the second configuratidNIPT is implemented in
countries, such as the US, without a nationalthesistem, or as Brazil, where the
national health system does not cover screeninfgtal anomalies because abortion is
illegal. In this configuration NIPT is above altansumer item available on the market.
It can be purchased by high and low risk women,iendsers can decide whether they
want to know only if the fetus does not have trigdt, 13 or 18, or wish also to
receive additional information.

The two configurations, the integration of NIPTthim the existing framework
of screening for Down within a national health caystem, and the purchase of NIPT
on a free market, are ideal types. In practicermediary situations can exist.
Moreover, in countries in which a national healthtem limits the use of NIPT to
screening for three major autosomal aneuploididsgh risk women, affluent health

care users can purchase other forms of cfDNA basegbning/ testing, while in



countries in which NIPT is diffused on the free ket choices of women/ couples who
cannot afford paying for this test from their pethre restricted by rules that govern
the reimbursement of specific variants of this stheir health insurance provider. In
these countries, insurance providers informaly laggithe scope of NIPT use.
Nevertheless, between 2011 and 2018, the use df&fDased tests was shaped by the
structure of health care is a given country, lsegllatory framework, legal constraints,
cost/efficacy considerations that govern decismi$ealth insurers, and, above all,

previously existing pattern of screening for “Dovisk.”

ii. Screening for Down risk before NIPT.

The cfDNA based diagnostic technologies are todaally called NIPT, and
sometimes noninvasive prenatal screening, or NTR8.term “noninvasive prenatal
testing” may, however, be misleading. Historicafigst prenatal tests, introduced in
late 1960s, were grounded in invasive technologiescollection of fetal cells, either
from the amniotic fluid (amniocentesis), or theafgiart of the placenta (chorionic
villus sampling- CVS). Fetal cells were then tedtadhe presence of abnormal number
of chromosomes (aneuploidy) or biochemical markéis hereditary metabolic disease.
Gynecologists and public health experts were eapdg@oncerned about the risk of
Down syndrome (trisomy 21). Women of “advanced mmeteage” who are at a higher
risk to give birth to a Down syndrome child, wed¥iged to undergo amniocentesis or
CVS in order to learn whether the fetus has thogmes of chromosome 21. Invasive
tests were, however, linked with risk of a spontarseabortion of a healthy fetus.

Moreover, many children with trisomy 21 are basrybunger women, but since in



these women the risk of loss of a pregnancy folhguan invasive test was seen as
higher than a risk to have a Down syndrome chilysgians did not recommend this
test to women under 35. (Léwy, 2014).

In the early 1970s some experts proposed to offeti@entesis for Down risk
to all the pregnant women (Stein et al, 1973). T¥as not a realistic proposition:
amniocentesis was too risky and too expensive tarbe a generalized prenatal test. In
the 1980s and early 1990s experts found out étasés with increased nuchal
translucency (accumulation of liquid behind fetatk) at 11-12 weeks of pregnancy
were at higher risk of trisomy 21. They also found that changes in levels of
biochemical markers in the pregnant woman serumncabed a higher probability that
the fetus has an abnormal number of chromosomafgadkithm that combined data
provided by ultrasound and serum tests with womagés calculated the woman’s
individual “risk number,” that is her odds to caayetus with chromosomal anomaly.
Those with a “risk number” higher than a predeteedivalue ( typically 1 to 200 to 1
to 300) were offered a possibility to undergo arasive test. The new approach made
possible the implementation of screening of allghegnant women for “Down
syndrome risk.” Such screening favored in turagid extension of prenatal diagnosis.
It was also the moving force behind the developnoéMIPT (Lowy, 2017).

Screening for Down risk was introduced in severals¥rn European countries
in which prenatal care is partly or totally covetsda national health insurance, but the
specific form of such screening and its uptakehaghly variable (Boyd and Game,
2011). Often a screening was first proposed tmemin the framework of large-scale
clinical trials. When these trials indicated tHa tethod is efficient, it was integrated

into a national system of surveillance of pregnameyountries devoid of national



health system, women’s decisions whether to sd@ddown risk were strongly
affected by advice provided by their health provéd@nd their access to resources. In
these countries, fewer women underwent screenemgtsting for Down risk. Experts
estimated that less than 2% of pregnant womehnenJS underwent amniocentesis for
this indication as compared to 5-7% in Western Rer@reely, 2011). In the absence
of an organized screening for Down risk women, eisly those from lower
socioeconomic strata, had lower chances to leasatdiealth problems of their future
child, and if applicable, to elect to terminate gnegnancy. This was seen as a problem
by advocates of screening and a blessing in disduy its opponents. (Vassy, 2006).
Important differences in organization of screerfmgDown among Western
European countries stem from differences in Ideaélth care cultures and organization
of prenatal care (Crombag et al, 2014; Vassy,&(H4). In France screening for
Down risk was diffused from early 1990s on. In 2@0%e French Health Ministry
issued official recommendation for a first seraestreening for Down. The screening
Is voluntary and women have to sign an informedseahforms. On the other hand
refusals to undergo screening are relatively reesgy, 2006; Dommergues et al., 2010
). The UK implemented circa 2000 several pioneepragrams for first semester
screening; they were gradually extended in thieiohg years (Williams et al, 2005;
Thomas, 2017)The overall uptake of screening for Down syndromine UK is
lower than in France, as is the (official) numbgteominations of pregnancy for a fetal
indication. On the other hand the French and theddta are not entirely comparable
since in the UK women can abort without providingiedical reason until 24 weeks of
pregnancy, and in France only until 14 weeks (Yassl. 2014). Denmark has a very

high acceptance rate of screening for Down; thikéscase in Finland too. By contrast,



in Norway screening for Down is offered only to wemover 38 years and those known
to have an increased risk of giving birth to aadlied child, and the uptake of screening
for Down is relatively low. In Sweden and Islandmen receive a detailed information
about screening for Down, but are not actively emaged to undergo it. (Schwennsenn
et al, 2010; Mescus, 2012). In Netherlands womerewet encouraged to screen for
Down risk and the test was not covered by the natibealth insurance, while Belgium
adopted a screening model akin to the French or@{ag et al, 2014; Roseman
2016).

Risk of Down syndrome, and, by extension, of otk&l chromosomal
anomalies, is a situated entity which comes infaghas a result of complex
interactions between legal, economic, materialicgndtural and professional
considerations. Differences in the implementatiod diffusion of tests destined to
uncover the presence of fetuses with chromosonmhahes produced, to follow the
anthropologist Margaret Lock, “local fetal biologi&Lock, 2001). Debates on the
diffusion and regulation of “screening for Down'ften reflect the persisting uneasiness
with a diagnostic approach which, although oftezspnted as aiming to help parents to
prepare for the birth of a “special needs” chifdpractice often leads to a choice to
terminate a pregnancy. In this regard. prenat@rdiais of a genetic condition is
radically different from other genetic tests. D@sabn such texts included
considerations of their clinical utility (Parthagtry, 2007) The highly emotional
tonality of debates on abortion for non-lethal fatdications, entangled from the 1980s
on with discussions on disability rights and fomsothe (presumed) eugenic aspiration
to exterminate imperfect humans, made very difianl evaluation of “clinical utility”

of such tests.



iii. Marketing of an industry-driven innovation

Many 20" century biomedical innovations were driven by phaceutical,
biotechnology or medical instruments industry (e-tpbby,1985; Blume, 1992, Marks,
2015). NIPT was however, different. Initial attespd develop approaches which
studied fetal hereditary material using cells eefnucleic acids in maternal serum were
made in fundamental research laboratories, but frem early stages of development
of this diagnostic technology, all the clinical@asch on this subject was industry-
driven, and results were first published on comfmmwebsites.

In the late 1970s scientists first attempted tlai fetal cells present in the
maternal circulation. (Herzenberg et al. 1979) Tbktained partial successes in the
research laboratory, but failed to develop clineggplications of this method (Bianchi,
2010). The breakthrough came with the finding rapartant amount of circulating free
fetal DNA (cfDNA) in the blood of pregnant womend(et al, 1997, Bianchi, 1998). In
the 2000s, the increasing power of computers lebdaaevelopment of a new genomic
technology, next generation sequencing, which npadsible the development of
cfDNA-based tests for the detection of Down synazoln 2008, Denis Lo’s group in
Hong Kong, and, independently, Stephen Quake'spgab&tanford university, patented
cfDNA-based tests for Down. Lo’s group was at haint collaborating with the
biotechnology firm Sequenom, and Quake’s group wie firm Verinata. All the
stages of development and testing of diagnostts tesre conducted by the industry

and were covered by industrial secret. The cfDN#ebatests, presented as a radical



revolution in prenatal diagnosis, entered an er@oaimercial exploitation, patent wars
and an intense competition on markets.

The new technology, named at first non -invasinptal diagnosis (NIPD),
and then non-invasive prenatal testing ( NIPT), iméglly conceived as a replacement
for the existing methods of screening for Down sgnak, above all serum tests
(ultrasound diagnosis detects also structural ahesef the fetus). In 2012 clinical
trials validated NPIT’s capacity to detect trisoty, 13 and 18 (Palomaki et al, 2012).
In that year, four cfDNA based tests: Seqgenomsasekvhi T21Plus, Verinata’s Verifi,
Ariosa’s Harmony, and Nantera’s Panorama obtamaxketing permit in the US.
Their prices varied from $800 to 1400 ( in 2018 phiee-range for NIPT, was reported
to be $500-$2100.NIPT continues to be more expertsan alternative methods of
testing for Down risk) (Allyse and Wick, 2018). 2013, Sequenom’s Materni T21
Plus, Verinata’s Verify, and Nantera’s Panorantduded also testing for an abnormal
number of sex chromosomes and fetal sex (Agraia| 2013). Women could elect to
receive an additional information on sex chromosoam®malies, or opt out.
Unsurprisingly the majority did not chose the latiption, in spite of the fact that
screening for sex chromosome aneuploidies is #&ble than for autosomal
aneuploidies (Allyse and Wick, 2018; Ramdane,e2@18).

At first NIPT was proposed only to high-risk wom@&HPT producers weren
however, very interested in proving that the vess$ efficient in low-risk women too, a
much larger market for their product. First studiéthe use of NIPT by low-risk
women, published in 2014, indicated that NIPT weakeed more efficient as a "first
intention” screen for Down. Half of the “low riskiomen who received a “positive”

NIPT result for Down, this result was was confidrim®y amniocentesis. By contrast,



only about 4% of women classified as being at highan average risk of carrying a
Down syndrome on the basis of a combination ofraegind ultrasound markers
fetus,then underwent amniocentesis, learned tledeths has indeed trisomy 21
(Greene, 2014). This result was, however, obtainedlatively small sample, was not
seen as entirely reliable, and some experts sestdivat a first intention screening with
a combination of serum and ultrasound markers madsible the detection of a wider
range of fetal anomalies. Guidelines issued b2y the American College of
Obstetrics and Gynecology (ACOG) did not validéte aise of NIPT in low risk
women. (ACOG, 2015; Benn et al, 2015). In spftthe lack of official endorsement,
the use of NIPT as a “first screen” rapidly domatathe diffusion of this test in the US.
Such an use of NIPT might have been favored by gylngists’ apprehension of legal
pursuits. In 2007, ACOG defined the offering ofesaring for Down (including an
amniocentesis, if a woman wishes it) as a stanofacdre for all the pregnant women,
independently of their risk. This statement thatlddhave been re-interpreted as an
obligation, for a gynecologist, to offer all histigats the state of art screening method--
NIPT -- as an alternative to other forms of scragni

One of the consequences of the rapid diffusioNI®fT in the US was that
many women who looked above all for reassurandetiiesfetus does not have Down
syndrome but accepted the additional testing fercbeomosome aneuploidy learned
about a high probability that the fetus has an aigtiey might have had never heard
about. The problem of unanticipated findings of NWas amplified in 2014 when
several companies proposed “extended” NIPT th&¢de®r additional chromosomal
anomalies (mostly deletions), linked with inbormpiamrment, some of which, such as

DiGeorge syndrome (22911.2 del) have a variablessgion (Hayden, 2014). The



“extended” or “complete” NIPT was offered at somevhigher price than the “basic”
NIPT which frequently includes in the US testing $ex chromosome aneuploidies.
The “extended” NIPT, like its basic version, wasgented as aiming at preparing
parents for birth of a “special need” child. (LOVAQ17).

NIPT does not provide a definitive diagnosis, amelresults, its users are told,
have to confirmed by amniocentesis or CVS. Notrelwomen accept this rule. In the
US, 6% of women whose NIPT results indicate a Ipigibability of fetal chromosomal
anomaly elected abortion without a further verifica, while an important proportion
of those diagnosed with a high probability of seroenosome aneuploidy elected not
perform additional tests (Dar et al, 2014; Ramdaeteal, 2018). It is probable that the
proportion of women who decide to terminate theypeacy on the basis of NIPT
results alone is higher in countries in which aioorts illegal. In these countries it is
easier for a woman to perform an illegal abortiarlyein pregnancy using abortive
drugs, than to confirm NIPT results with amnioesnd and take the risk a later, more
complicated abortion, and for some, of a denurariadis well. It is also possible that not
every woman who learns about an increased probabflimpairment of the future
child wishes to pursue testing and to confirm thigal result; some women may
perceive ambivalence as a blessing.

In Western Europe, national health systems whickdugnlly decided to
introduce NIPT, elected a different trajectory. ¥Halow the recommendations of the
shared position document on the uses of NIPT, csBu2015 by the European Society
of Human Genetics and the American Society of Hu@anetics. This document
recommended to limit (as for now) the use NIPTsdarch for three autosomal

aneuploidies: trisomy 21 (Down syndrome) trisomy(R&8tau syndrome) and trisomy



18 (Edwards syndrome),; the two latter conditiorslimked with very high rates of
prenatal and postnatal mortality . NIPT is proposely to women defined as being at
“high risk” of chromosomal anomalies. Those wittspioe results of NIPT are then
offered an invasive test. The use of NITP as “sddevel screen” markedly increases
the odds that an invasive test will confirm thesarece of a trisomy. (Dondorp et al.,
2015), At the same time, some countries, suchasce; enlarged the definition of
“high risk of Down.”

In countries with pre-existing screening for DOWHPT is presented as
technical improvement of such screening, not a eptual revolution. A possible
replacement of serum tests for a risk of Down hign use of NITP as a first screen for
trisomy 21, 13 and 18 is not expected either talpce dramatic change in the pre-
existing patterns of prenatal screening. Affluesgrs in Europe, including “low risk”
women, can purchase privately either a “basic” Ni#fg¢$t which detects only trisomy
21,13 and 18, or an “extended” one which inctugsting for sex chromosomes and
chromosomal deletions. It is however, reasonablssume that only small fraction of
women in countries with a national health insurgmaeshase NIPT on free market.

The introduction of NIPT into national health syatewhich had already
implemented screening for Down is expected to ptedan important decrease in
number of amniocenteses and spare women the pdisteess linked with this test.
(Chitty and Kroese, 2015), This technology was abgoected to reduce the number of
spontaneous miscarriages linked with higher nunmesive tests. A prospective
French clinical trial failed, however, to detette latter effect (Malan et al, 2018).
Introduction of NIPT is also predicted to lead tmaderate increase in the detection of

major aneuploidies, and, since trisomy 13 and 1&hdkad to newborn deaths and



many women elect termination of pregnancy for treselitions, also a modest
decrease in perinatal mortality. The introductiécf®NA based tests in countries with
a pre-existing screening for Down produced thusdasow) relatively modest
changes in prenatal diagnosis rather than theigteeldrevolution (Zeng et al, 2016;

Lewis et al, 2017).

iii) Discussing NIPT before and after the markgtof this diagnostic

technology.

In 2007, when commercial tests based on cfDNA weapected to reach the
market soon, an US jurist, Carolyn Jacobs Chaghtoduced a detailed and thoughtful
review of the potential advantages and pitfallthefnew diagnostic technology.
Chackin assumed that cfDNA based tests will progdiefinitive diagnosis of fetal
anomalies. She also assumed that cfDNA basedvwékbe much cheaper than the
existing diagnostic approaches, (she estimatedtbatprice will be between $100 -
$200). Chachkin predicted therefore that theds te#l rapidly be integrated into the
routine prenatal care, dramatically increasingrttmnber of US women who will use
prenatal genetic testing. Such testing, she aitied) will became as popular as
prenatal ultrasound, will be rapidly transformetbia standard of care, and will be fully
covered by insurance companies. A probable consegueill be a significant increase
in abortions for fetal anomalies and a significd@trease in the proportion of babies
born with genetic disorders. The introduction diA based diagnosis may therefore

open the way to pressures to abort impaired fetasssbtle form of eugenics. Overall,



however, Chacking viewed the arrival of the nevistes a very positive development
(Chachkin, 2007).

Other US scholars shared Chackin’s assumptions@mekerns. They too
assumed that the new technology, named in the msanbninvasive prenatal
diagnosis or NIPD, will rapidly became accurate arekpensive, and will detect a
great number of hereditary / genetic disordersyMewed a large scale diffusion of
commercially produced NIPD as an ineluctable dgualent, and pointed to its
potential advantages: enlargement if parentalogtsoand (probably) a reduction of
prevalence of severe hereditary disorders, butielstangers; flooding of future parents
with confusing and stress-generating informatiopysh toward abortion for moderate
and minor fetal impairments, and greater stignaéitn and social exclusion of those
living with disabilities. (Benn and Chapman, 208&nn and Chapman, 2010; Greely
and King, 2010; Greely 2011; Proffitt, 2013). Theis&s may be amplified by a direct
to consumer (DTC) diffusion of NIPD.( Haymon, 2011)

UK experts who evaluated NIPD’s future were manedent. They predicted
that the new technology will be rapidly employedi&iect autosomal aneuploidies, but
were less certain that it will rapidly move beydhd diagnosis this indication. They
were also less sure that NIPD will swiftly replaesting for serum markers of fetal
anomalies. Nevertheless they too assumed thaNAfiased tests for a wide range of
genetic conditions will reach the market in a iigkdy near future, a development that
will amplify the ethical dilemmas linked with setex® abortion for fetal indication.
Such dilemmas, they added, may be magnified bYaittehat NIPT is developed
exclusively by private companies and destineoetgold on the market (Hall et al.,

2009). Discussions about the future of cfDNA bassts did not evoke “clinical



utility,” since it is difficult to frame the potelall prevention of birth of an impaired
child in “utility” terms, but they did discussedetipotential social harm of these tests..
They also did not debates explicitly the posdpihif prohibition of specific uses of
NIPT, or of their marketing directly to consumers.

Scholars who participated in the early debates BHDNid not predict that
results of cfDNA-based tests will be indicativeyahd will have to be confirmed by an
invasive test; that the marketing of cfDNA-basests which will “read” the entire
fetal genome will not follow rapidly the diffusiasf tests for selected chromosomal
anomalies; or the relatively high price of thisghastic technology. They also did not
discuss the possibility that the inclusion of NIRithin the framework of an already
existing screening programs for “Down risk” willlimv a different path than the
diffusion of this test on a free market. An addiag non-anticipated, problem was the
that in some cases a cfDNA based test displayessuspected maternal pathology,
usually a malignancy (Bianchi et al., 2015).

Once available on the market, NIPT stimulated debabout a different
guestions. Some scholars continued to evoke thenpak consequences of cfDNA
based tests that will examine the entire fetal gen¢e.g. Ravitsky, 2015; Shakespeare,
2015), but discussions on the new diagnostic tdolgyavere mainly focused the
already existing screening for major chromosomahaalies. Many questions evoked
in these debates, such as the evaluation of spaeifyeliability of the test, its cost/
efficacy, its reimbursement by national health rasge (when applicable), or the
obtention of an informed consent of test users \aeady present in debatres about the
introduction of serum markers for “Down risk.” Thalgo shared with earlier

discussions about screening for Down a tendenegd¢beve the thorny issue of a



selective abortion for fetal indication, and an licipconsensus that professionals will
be the main gate keepers of access to tests, sutleaccess will be also indirectly
regulated through policies of health insurers.

Other potentially problematic aspects of NIPT wssen as specific for this
technology. Among them, the exclusive developmaudtdiffusions of NIPT by
commercial firms and the greater risk of integnatof this test into routine surveillance
of pregnancy without adequate counseling.The dewedémt of genetic counseling was
closely related to the introduction of amniocerdgbecause of risks linked with
invasive testing (Stern, 2012). NIPT is risk-freereasing the probability that women
will take this “simple blood test” without being eguately informed what this test is ,
and what is the precise meaning of a “positivetitesWomen who undergo NIPT, but
also some health care providers, may confuse NIRigis specificity and sensitivity (an
absolute variable) with the test’s positive prédevalue, that is, the probability that a
woman who tests positive for a specific fetal anlymradeed carries a fetus with this
anomaly, a variable that depends on the frequehaygiven anomaly in the tested
population (a relative variable, and the one thattens for the tested woman).

(Shakespeare, 2015; Lewis, 2017, Ravitsky et @lL8p

iv. NIPT in “intermediary economies:” Brazil anchi@a.

Diagnostic technologies based on the study of cfDiN/Aaternal circulation
rapidly reached Brazil, where they took a spedditn. From the early 2000 on
Brazilian laboratories developed fetal DNA basesisidor the detection of fetal sex.

Sex determination was one of the first uses of diEidised tests. Pregnant woman do



not have Y chromosome markers, and presence bfraackers in their blood indicated
therefore that the fetus is male. Testing for fetad is possible from the™&™" week of
pregnancy, and this test is much simpler and chiebhpa a cfDNA based test that
detects an abnormal number of fetal chromosomesyeTdre medical reasons to detect
fetal sex early in pregnancy. For example, whemamnan is at risk to give birth a child
with congenital adrenal hyperplasia (CAH), it ntsyimportant (at least according to
some experts) to know rapidly whether the fetdensale and if that is the case, to
propose her a treatment with the steroid dexametigat® attenuate the “virilization” of
a female fetus. If the fetus is male, treatmenhwdexamethasone is not necessary and
may be harmful. There are also numerous non-megesbns why a women may want
to know rapidly the fetus’s sex, from curiosityaavish to abort a fetus of a “wrong”
sex.

In early 2£' century US companies such as Baby Sex Mentor™Paridor
Blue® marketed by Acu-gen Biolab Inc. and Consu@eneticsinc, proposed to
pregnant women DTC tests for fetal sex using blooch a finger prick tests. The price
of such test was approximately $250. At that timyg@erts were critical of these test,
mainly becausdirms that proposed them were not required tonta@ high standards
of reliability. They also mentioned the risk of pagal sex selection, especially in
societies which favor male children, and of margbf DTC cfDNA-based paternity
tests. (Bianchi 2006; Hall et al, 2009). Many cini@s impose a strict regulation of
paternity tests, but such regulation usually defithee acceptability of such tests by
courts. It does not cover the possibility that egoant woman will attempt to verify
who the father of her future child is — usuallylvaut the permission of the potential

father(s)—and may terminate the pregnancy if, ¢hg.father is not her long-term



partner, is somebody she cannot accept as a prieeat child, or, in a darker version,

is not the man she plans to sue for paternity bisn&¥ith the commercialization of
“basic” NIPT which included an option to reveal fletus’s sex, tests that detected only
fetal sex became less visible, at least in indalstad countries. They remained,
however, popular in Brazil.

In Brazil locally produced tests that reveal thabiiy's sex” early in pregnancy
continue to be proposed to middle class womengtioms as a part of a “package” of
prenatal care in a private clinics. The tests al&ively inexpensive: in 2015 their
price was around 300-400 reals, that is, approxm&80- $100, an acceptable sum for
a middle class woman. Street corner obstetricedadund clinics can reveal the fetal
sex for a much lower price (in some cases ae kit 20-30 reals), but this is possible
only in the second trimester of pregnancy, typicatl20-22 weeks. The widespread use
of tests that predict the fetus’s sex/gender earpyegnancy is linked to the cultural
importance of this knowledge in Brazil. Once thau§’s sex is known, the future child,
becomes “our baby”, is given a name, and middiscfamilies start shopping for
gender-appropriate clothes and accessories. (Ch2@a8). In the US too, reveling of
the fetal sex is a culturally significant eventieteated in the increasingly popular “sex
revealing” parties (Vincent, 2018). The detectidfietal sex as a key milestone in
making the future child “real” is not an univergalit. In Israel pregnancy is perceived
as fraught with danger and Israeli -Jewish famitiesiot celebrate baby showers or
organize sex-revealing parties; some even refram purchasing baby’s clothes and
furniture until the child’s birth. On the other lthra high level of anxiety about of
pregnancy’s outcomes encourages the use of a e rof prenatal tests (Ivry, 2009;

Zielinska and Lowy, 2017).



Brazilian families do not have a strong preferefocanale children, and
Brazilian gynecologists affirm that the detectidrietal sex has no incidence on rates of
termination of pregnancy. Detection of chromosoamamalies of the fetus has a very
different meaning. Since abortion for a fetal iradion is illegal in Brazil with the sole
exceptions of anencephaly, the Brazilian natiomallh system do not propose prenatal
diagnosis of fetal impairments (Diniz and Medeir2310). On the other hand, only
poor Brazilian women use maternity services prayide the state. Middle and upper
class women use the services of private gynecdfwgilso, especially if they work in
upper-end maternity clinics, tend to prescribe maue diagnostic tests. Such tests, and
the use of sophisticated medical imagery equipnstaind for a cutting-edge, high
quality medicine. Middle and upper class pregnaminen frequently undergo tests for
“Down risk” at the end of first trimester of pregncy. If these tests (serum markers and
nuchal translucency) uncover a higher than averagef fetal anomaly, the woman
usually undergoes amniocentesis, and if the res{ositive,” she can elect an illegal -
but safe -abortion. The low number of children withorn defects born in private
hospitals and clinics indirectly indicates thats#ht Brazilian women undergo
selective termination of pregnancy (Horovitz at 2013).

In 2013, two US producers of NIPT, Ariosa, the prosr of Harmony test and
Natera, the producer of Panorama test signecamgnets with Brazilian laboratories to
offer NIPT to Brazilian women. Regulation was notissue, since the tests were
offered only in the very weakly regulated privatalth sector. Official presentations of
these test stressed that NIPT will help familebe better prepared to birth of a special
needs child. Laboratories that offer NIPT in Brdaibk into account the fact that in the

average age of childbirth in Brazil is lower thanndustrialized countries. Brazilian



publicity of the Panorama test explains thus éhaonventional” NIPT detects only
trisomy 21, 13 and 18, while a “complete” test,edét also several chromosomal
deletions. Down syndrome, the leaflet adds, isenfimquent in older women, while the
risk of microdeletions does not depend on womagés Bregnant women under thirty
are therefore at a higher risk to have a child withicrodeletion than with Down
syndrome, and are advised to have a “complete” test

In 2013, when NIPT was introduced into Brazil, mapecialists thought that
this test will have a limited diffusion only, majrbecause the test’s price, at that time
approximately $1200, was approximately four timeghéar than screening for Down
risk through a combination of serum tests and sittwad. However, one year later NIPT
became firmly integrated into prenatal testinghi@ Brazilian private health sector. The
test’s cost did not discourage affluent women wlamted to be reassured rapidly “the
baby is all right.” The majority of Brazilian uses§ NIPT are “low risk” women.
Ultrasound experts who work in upper end gynecahalgtlinics attested that often
patients arrive for their 12 weeks ultrasound exatmon with their NITP results. Many
services provided by the high-end maternity clirdos not reimbursed by Brazilian
private health insurance, and women who chose awtihic are willing to pay from
their pocket for its services. The price of NIPTha very elevated when compared to
their other pregnancy-related health expensegxample a consultation with a well-
known ultrasound expert. In a sub-culture that puthe fore the consumerist aspect of
health care and maternity, the purchase of anrsiype cfDNA-based test may be seen
as a less frivolous version of a purchase of dybsaby pram.

The trajectory of cfDNA based tests in anotherrimidiary economy, China, is

at the exact opposite of the Brazilian free magggiroach. Chinese NITP was a local



product. Between 2011 and 2014 several Chinesatproompanies, such as Beijing
Genomic Institute (BGI) and Berry Genomics, aca@ on European market,
marketed NIPT for Down syndrome and other aneusidesting for fetal sex is
prohibited by the Chinese law. Chinese cfDNA bassts were less expensive than
Western ones, but their pric2000-3000 RMB, about $250 - 350 in 2016) made them
too expensive for lower-class users.The Chinesd N#Bts circulated freely on the
internal market for about three years, but in Fabr2014, the Chinese Food and Drug
Administration and the National Health and Familgrfhing Commission announced
that the diffusion of all the prenatal genetic $estcluding NIPT, was suspended until
the implementation of a new regulation. The reguiainstances justified this decision
by the claim that the commercial market for gentgdsting was chaotic, the quality of
the tests was highly variable, and there was noagiee that the companies that
produced genetic tests could deliver what they wed. In June 2014 the Chinese
regulatory agencies accorded a conditional marggiermits to a small number of
cfDNA based tests produced by well-known manufaetl These tests are available
on the private market. In addition, however, selv&hinese provinces incorporated
NIPT for selected indications into state- sponsqackntal care, and proposed partial
reimbursement of the test’s costs (Zeng et al, 20ib6et al, 2017). The Chinese
approach, in which NIPT is assimilated to othemegic tests and is strictly regulated
by the state contrasts not only with the Brazitatal “laissez faire,” but also with the
attitude of Western European countries which dopnohibit a private purchase of
cfDNA based tests, prescribed by the woman’s doctor

NIPT (including in China) was introduced by bidteoclogy companies that

prioritized private or semi-private markets andg¢bat detect major chromosomal



anomalies(Chandrasekharan et al, 2014; Minear, 204b). One could imagine,
however, a different configuration, in which thiaghostic technology was supported
by public or charitable funding, and harnessedh#ogoal of improvement of prenatal
care in lower- income countries. In such countnesnen, especially those who live
outside urban centers, have a limited access vana@ed diagnostic approaches such as
high quality obstetrical ultrasound and amniocesté$lPT can partly compensate for
shortage of qualified gynecologists and ultrasoexykerts because blood samples of
pregnant women can be collected by community heedttkers and and sent to a
central laboratory. As a result, more women receif@mation about fetal anomalies
and — if they live in a society in which aborti@niot criminalized—can make an
informed choice about the future of their pregneffdlyse et al., 2015). One can also
imagine cfDNA based tests tailored to the needpapulations outside North America
and Western Europe. Such tests can be calibratetefection of locally important
diseases such as thalassemia or sickle cell ar{®éfozersky et al, 2018). The latter
possibility is, however, purely theoretical. Teologies incorporate in their design the
values that guided their development. There is ap of knowing how cfDNA-based
diagnostic approach shaped by a different setsloleg and considerations might have

looked, or how it could have been distributed aegltated.

v. Final remarks: global markets, situated uses.

The short history of NIPT displays the complicatel&tionships between the

global and the local in health care. Social sc&#sitincreasingly recognize the need to



pay attention to the context that shape the promluadiffusion and regulation of new
diagnostic and therapeutic approaches, and ackdgeléat one size does not fit all.
Diagnostic innovations —like other technologicalaomations-- came into being in a full
world. They compete with already existing techn@sgnd are shaped by institutional
and organizational variables, economic and politoasiderations, local medical
cultures, and legal and regulatory frameworks. fEgeilation of marketing and use of
NIPT followed the general rules that govern thekaaing of akin diagnostic tests.
such as those which detect “serum markers” for Dovne regulatory instances
examined above all conformity of this test to theducers claims about its efficacy and
reliability. In practice, the use of this biomealiinnovation were molded by the ways
it became accessible to pregnant women, or, in& iy those that govern the use of all
the genetic tests. They reflected national andregidifferences in structure of health
insurance, cultural variables” writ large , and\Western Europe, the history of
implementation of a nationwide screening for “Domsk.”

A disclaimer of the 2009 PHG foundation report ba éthical legal and social
issues arising from cell-free nucleic acid tecbg@s affirmed that ,"the field of non-
invasive prenatal diagnosis is extremely dynamit technology is developing very
rapidly; this report is accurate as of 7th Janz&g9.” (Hull et al, 2009). The same
disclaimer is valid for this text too; it providas- surely incomplete — overview of uses
of NIPT in summer 2018. The observation that maihe publicatins that discussed
cfDNA based tests before their marketing becamigliyapbsolete, is an invitation to be
modest. It is not possible to know whether NIPT @ontinue to be employed in its
present-time form, will undergo important modificets, or will be rapidly replaced

byvery different diagnostic approach, and whetheiill be submitted to more formal



regulation, or its use will continue to be shapgdiecisions of doctors that prescribe
this test and women’s access to this diagnostlumi@ogy. It is, however, probably not
too risky to assume that whatever the future of INWRI be, it will continue to be
strongly affected by situated variables. It is alsasonably to assume that while it is
possible to collect at least partial informationadDNA-based tests prescribed by
health professionals and employed in the framewbrkedical supervision of
pregnancy, other, less visible, and in some coemitiegal, DTC uses of this diagnostic
technology, such as sex selection, may exist als Wet central role of the industry in
the development of this diagnostic innovation, stytinks between NIPT and the
highly contentious topic of selective abortion, d@he weak regulation of marketing of

tests, may favor the existence of gray zones DiNé-based prenatal testing .
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