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Background: In children with unexplained fractures, healtlecproviders often must consider
whether the etiology is non-accidental injury (NAFan underlying predisposition to bone
fractures, such as osteogenesis imperfecta (Oghefi testing may be variably used to address

this question and uncertainty can be introducédefresults are inconclusive.

Methods: Physicians in the Collagen Diagnostic Laboratiaiabase at the University of
Washington were sent a 15 question survey to gatf@mation regarding their utilization of

genetic test results for Ol when their patient saspect of NAI

Results Results from 89 participants indicate that thestists differential practices in regards to
the following: when genetic testing should be oedefor Ol vs. NAI cases, who should be
consulted and which additional procedures are reduor follow-up analysis of a variant of
uncertain significance, and to whom the genetialteshould be released.

Conclusion: Differences in practice raise ethical concerns aldwether these differences are
justified, and how they can be addressed. Infolmndtiom the study can inform changes in

policy and education to eliminate some of the disiea and alleviate some ethical concerns.



Introduction

This research focuses on one way that geneticnivdton is used by the legal system:
genetic testing for the group of heritable disosd=alled osteogenesis imperfecta (Ol). Ol is
characterized by unexplained skeletal fracture{), thus can occasionally be confused with
fractures due to non-accidental injury (NAI), ofldrabuse. In recent years, results for the
genetic test for Ol have been used by the legahwonity to help determine whether or not a
child has a genetic predisposition for otherwisexptained fracturés?. For example, in a
county case in England in 2011, a couple accusaduding their children after taking their 6-
week old son to the hospital. Social services waled in, and both children were placed in
foster care. The couple was arrested for child @lamsl permitted to see their children for only
six hours a day under direct supervision. Two meatiter they were removed from their
children, the couple got divorced due to the stodithe situation. After 18 months, a physician
suggested that the children may have OI, whicheqgeent testing confirmed. Other similar
cases are documentfeli

Thus far, little research has been done on thiscpéar application of Ol genetic testing,
so this research project was designed to helmfkhowledge gaps concerning the ethical, legal,
and social implications (ELSI) of using genetiditggin cases in which NAI is of concern in a
child with unexplained fractures.

Advances in genetic technology and understandirigeofole of genetic factors in human
health continue to increase at an exponential.réitelay, genetics and genomics influence many
aspects of our daily lives, whether we realize ina. The hope of using genetic information to
benefit health has long been accompanied by sdéegd| and ethical concerns surrounding use
of that information. Genetic information has besed in courts since 1986, when it was first

used to exonerate an English man accused of tveemapder. Since then, the use of DNA



testing in courts has been increasing. Parenti@th¢geis commonly used in family court and
identity testing is applied in criminal courts wrénsic investigations for the purpose of
identifying victims, identifying or excluding susge and even in exonerating convicted but
innocent individuals. On the 8®f October 2004, President George Bush signedukgce for
All Act, which heightened both funding and guideknfor the use of DNA technology in the
judicial proces%

In addition to parental and identity testing, gentgsting may be used to investigate
whether a genetic diagnosis is present in a viotisuspect that is relevant to an ongoing
investigation or legal proceeding. One such uge ilsvestigating whether an unexplained bone
fracture in a child is due to non-accidental inj(k\Al) or attributable to a predisposition to bone
fractures. Fractures in children are common, actiog for up to one-fourth of all pediatric
injuries? it is estimated that 18% of all children will hazdracture by age*d In children
under 16 years of age, 1.3% of femur fractures w#rdouted to NAI, approximately 75% was
attributed to falls or motor vehicle accidents, anshe-quarter are unexplaifédn the United
States, there are approximately 581,000 casesysfqath child abuse every year; prevalence of
NAI with fractures is approximately 24:10,000 cindd in the birth to three year range (as of
2002)"%. In 2004, in children less than 3 year old, 240%&of all fractures were suspected to be
related to non-accidental injui** *> %, However, an estimated 7% of children who hagesi
suggestive of NAI actually have an underlying mataondition that explains the observed bone
fractures’.

Osteogenesis imperfecta (Ol) is a heritable (gepetinnective tissue disorder primarily
characterized by increased risk of bone fractireBepending on the severity, other features of
Ol may include blue sclerae, bowing of the longdmrand short stature, but these are not

| Bookmark not defined.Error! Bookmark not def ined.

always present in each c5S% . A diagnosis of Ol may



be considered when a child presents with unexpldiraetures and a previous study showed the
incidence of Ol among children evaluated for NARig5 %" Bookmark not defined.Eror! Bookmark not
defined. * The prevalence of Ol (1:10,000 — 1: 20,000) i&mless common than NAI, making

NAI approximately 24 times more likely to be theisa of unexplained fracturés. Although it
has been argued that certain types of fracturesiast commonly seen in cases of NAI, this
remains controversial. Moreover, given that alletyyb fractures can occur as a result of Ol, it
can be difficult to distinguish the cause(s) of tfeetures® * Many patients are referred for
genetic testing for Ol as a means to help ruleaayenetic cause of unexplained fracttifés"
Bookmark not defined.Error! Bookmark not defined., Error! Bookmark not defined.Error! Bookmark not def ined.. If a test for
Ol'in a child is negative, it is less likely that br she has a genetic condition that would be
contributing to the bone fractures, making NAI arenlikely explanation. On the other hand, if
genetic testing establishes a diagnosis of Olahild, the unexplained fracturesmy be due
primarily to the genetic condition. However, a diagis of Ol does not exclude the possibility of
NAI, as the two are not mutually exclusive.

There are many complexities when testing for geretnditions, including Ol. One such
complexity is the locus heterogeneity of Ol. Thisans that mutations (disease causing variants)
in different unrelated loci (locations in the geremaan result in the same disorder. In Ol, 90%
of cases are due to a mutation in eil@®L1A1 or COL1A2, the genes that encode type |
procollagen. Over 500 different pathogenic mutaim these genes that cause the phenotype
have already been identifiéd® Other genes in which mutations result in Ol idelthe
dominant genéFITM5, as well as the following recessive geri@glP1, CRTAP, FKBP10,

LEPREL, PLOD2, PPIB, SERPINF1, SERPINH1, SP7, TMEM38B andWNT1.
Another layer of complexity in genetic testing F is that the test results are not always

conclusive. It is possible for a patient to hawaaant inCOL1A1 andCOL1A2 whose clinical



significance is unknown. This may be because thianais novel, rare, or atypical for the type
of alteration that usually gives rise to condititmthis case, the test is inconclusive and the
clinicians are unable to determine if that variartontributing to the bone fractures or not. A
result of this type is aptly called a variant oknown significance (VUSY. Genetic test results
for COL1A1 andCOL1A2 that come back as inconclusive, or a VUS, arainobmmon. At the
CDL Collagen Diagnostic Laboratory (CDL) at the \msity of Washington (UW), where this
study was conducted, about 13% of all testsoOt1A1 or COL1A2 come back as VU& A

VUS may be reclassified at a later date in tinferfther knowledge about the phenotypic effect
of the variant is acquired. It may be then recfassias one of the following: benign, likely
benign, likely mutation, or mutation. There does cwrrently exist any regulation as to whether
it is the responsibility of the provider to alegtgnts of change in VUS status, or if it is the
responsibility of the patient to obtain the infotroa themselves. Over time, the diagnostic
accuracy of genetic tests for Ol is certain to iove;, as more information about the functionality
of each variant is uncovered.

A misappraisal of the genetic evidence could hayeifscant consequences on the family
under investigation. In 46 states in the UnitedeStaf America, children suspected to be victims
of child abuse can be removed from their home witlzocourt order by law enforcement if a
clear and present danger to a child’s health, wadetwelfare if suspectéd About 20 U.S.
states give this same authority to Child ProtecBeeviced’. If an allegation of child abuse is
determined to be founded, a child may be placexlstate custody or foster care for protection.
Alternatively, if there is a plausible medical exipation for the child’s fractures, the child may
be safely kept within the family and provided wéthpropriate medical care. The separation of a
child and parents can cause a total disruptiohefamily, including a loss of familiar people

and surroundings for the child, which may be traticha While the determination of whether a



child has suffered physical abuse takes into adcawariety of evidence, genetic test results can
play a pivotal rol& For this reason, it is critical that informatiobtained through genetic testing
for Ol is properly utilized, which can be difficudiven the complexities of the test previously
described.

The European Molecular Genetics Quality Network (EN) recommends th&OL1A1
andCOL1A2 are studied first when a patient is evaluated fowith genetic testing. If no
mutation is identified and the patient is stillibeed to have a clinical diagnosis of Ol, other
genes, including the recessive genes previouslyioret, are subsequently tedt&tf Bookmark
not defined.Errort Bookmark not defined. "1t 5 unclassified variant is found @OL1A1 or COL1A2,
segregation and functional analysis can be perfdnmédelp determine whether or not the
unclassified variant is causative. Segregationyamatelies on genetic information from the
patient’s family members, particularly, the parettsdetermine if a pathogenic mutation has
been identified. For example, if one parent alsbtha same variant identified in the patient but
the parent does not have frequent fractures, thieghility that that variant is responsible for the
frequent fractures in the child is minute. Not itiigimg a mutation inCOL1A1 or COL1A2
makes the diagnosis of Ol less likely but doesembirely exclude the diagnosis. Figure 1 from

van Dijk et al.’s paper helps to illustrate this.



Figure 1. EMQN preferred diagnostic flow of?0l
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While the testing algorithm may appear relativehpightforward, the social and legal
implications of inconclusive or uncertain genesésttresults can be challenging for providers,
families and the legal systéMTo date, the current practices surrounding genesiting for Ol
in cases of unexplained fractures and the perssctif various stakeholders involved is not
well characterized, especially when the resultheftesting are inconclusive. As the person
often held responsible for informing the family acwlrt as to whether there is a medical
explanation for a child’s unexplained fracturesctsas Ol), the healthcare provider plays a
critical role. For this reason, this research gtwds undertaken to elicit relevant information
regarding the practices surrounding genetic tesan@l in cases of unexplained fractures and
the perspective of the providers that refer pasiémt testing, especially in cases where the test

results are inconclusive.

Focus of Research

This research focuses on the ethical, legal, anihlsonplications (ELSI) of genetic

testing in cases in which non-accidental trauna oncern in a child with unexplained



fracture(s). The primary research question seeksderstand the practices surrounding genetic
testing in this scenario and provider perspectstgsounding identification of a VUS result. Due
to the limited research that has so far been dartéis particular topic, it is still unclear as to
whether or not there exists a need for information@ducational changes, or modifications to
policy or procedure in this area. Characterizatibthe way genetic tests for Ol are currently
being utilized and the provider perspective in ttosnain will help to indicate or better inform

any potential need for change.

Methods

This study uses a mixed methods model, in which haoantitative and qualitative
methods are us&d This type of study design was chosen becauskenejualitative nor
guantitative methods alone could adequately captoweproviders and patients’ family
members interpret Ol test results.

For the qualitative research, a multiple case stualy the most logical option to allow for
exploration of the differences within and betweeovjrler responsé&®. For the quantitative

research, a non-experimental approach was takgareF? illustrates this.



Figure 2: Mixed methods study design flowchart
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This study was approved by the University of Wagton Institutional Review Board (IRB)

Minimal Risk Committee.

Study Setting

The Collagen Diagnostic Laboratory (CDL) is housethe Department of Pathology at
the University of Washington, in Seattle, WashimgtdSA. The laboratory is under the
direction of Dr. Peter Byers and has offered chhaiagnostic testing for osteogenesis

imperfecta for over 30 years.

Development of survey

A 15 item survey was developed collaboratively lg following members of the CDL at
the University of Washington: Emily Youngblom, MPMglanie Pepin, MS, LGC, Mitzi L.
Murray, MD, MA, and Dru Leistritz, MS, LGC. Questis were constructed to address key
issues recognized from clinical experience andtp@aAppendix 2). A combination of

multiple choice, sliding scale bars, and short adarmats were utilized. An open textbox was



left at the end of the survey to allow for any didaial comments or questions by participating
physicians. The list of final questions (withousar choices) is shown in Table 1. The mean

score for each of the questions related to frequeras calculated using the following values:

Always =5
Often =4
Sometimes = 3
Rarely =2

Never =1

The number of respondents that chose each frequesynultiplied by that choice’s
point value; the total score for each follow-upgadure was summed and divided by the total

number of respondents to each procedure choigaddlie mean score.



Table 1.List of final questions (without answer choices)

1. What is your specialty?

2. How often are you consulted to see patients formvtize differential diagnosis is
osteogenesis imperfecta (Ol) or non-accidentatynfNAl)? Please include those in

which no genetic testing for Ol is done.

3. If you suspect non-accidental injury in a patievitat features help you decide whether

or not to order genetic testing for @QL1AL/COL1A2 genes)?

4. What is your estimate of the percentage of youeptt who are genetically tested for
COL1A1/1A2 are legal cases (child is put in foster care, gbsmare pressed against

parents, case goes to court)?

5. After a patient’s genetic test result f0OL1AL/1A2 comes back as a VUS, are any of the

following procedures ever carried out as a nexiste

6. After a patient’s genetic test result f0OL1A1/1A2 comes back as a VUS, who typically

recommends/requests the following procedures?

7. If the actions from the previous question are raotied out, what is the most common

reason why not?



8. Of those patients whose results come back as aiWl@SOL1AT/COL1A2, approximately

what percentage of them return to clinic for folloy of a possible diagnosis of OI?

9. When a patient who was genetically tested on tiseslzd Ol vs. NAl is found to have a
VUS in COL1AL/1A2, what are the most frequent reactions from themisfguardians of

the patient when you return the result?

10.In your experience, to whom are the results of ©INAI genetic testing typically

released, and approximately how often?

11. Of those patients whose results come back as aiNl@GOL1A1/1A2, approximately

what percentage of them are removed from their haitteut further testing?

12.When a patient who was genetically tested on tkeslzd Ol vs. NAl is found to have a

VUS in COL1A1/1A2, approximately what percentagehs time do you request help

from a genetic counselor to interpret the results?

13.Displays if Q12 is Never: Why not?

14.For patients who receive a VUS test result, dodisauss with the parents/guardians any

plans to keep them informed of any changes to 8 ¥tatus in the future?

15. Any additional comments on genetic testing for ogémesis imperfecta vs. non-

accidental injury?



Recruitment

Potential research subjects were identified thrahghCDL. Eligibility criteria were 1)
providers who referred a patient for testingo@L1A1 andCOL1A2 to the CDL between the
2005 and 2013; 2) the case referred for testingan@etient between the ages of birth and five
years on suspicion of non-accidental injury (NA¢ysus osteogenesis imperfecta (Ol); 3) an
active email address for the provider or the prevglgenetic counselor was provided to the
CDL or was listed in the American Society for Hun@enetics (ASHG) database

Physicians were recruited for research participagia an email that included an
introduction to the study and a link to a survegtked by Qualtrics (Survey Software Tool)
(Appendix 1). In this email, we specified that “géin testing for OI” refers only to testing for
mutations in th€€COL1A1 andCOL1A2 genes, which are responsible for about 90% dDhll
cases.

All subjects were sent an identical survey. No tdgimg information was collected to
ensure all responses were anonymous. All respavesescompiled and tabulated by Qualtrics
Survey Software, and were available to view eithexggregate, or as individual responses.
Email invitations for study participation were semice. If a subject did not respond, he or she

was counted as a refusal, and not re-contacted.

Results

Of the 22,169 referring providers in the Collagaadmostic Laboratory (CDL) database,
580 had referred a child for genetic testin@C@iL1A1 andCOL1A2 with a suspicion of NAI (as
of April 2014). Of those, email addresses wereiabtafor 220 through the ASHG database and
for 72 through the CDL. A total of 89 participamésponded (81 in the ASHG group, 8 in the

CDL group), yielding a recruitment rate of 30% (g 3). Sixty-seven respondents (23%)



completed every question in the study. Respormseglividual questions were included in
analysis regardless of whether or not the surveyyaeanpleted. The subjects self-identified
their practice specialty as neurology, geneticdjgigacs, or a combination of the three (Figure

4).

Figure 3. Flowchart of recruitment process andaasp rate

22,169 Referning Physicians in the
Collagen Diagnostic Laboratory

580 Referred a patient for COL1AL and COL1A2
genetic testing on the basis of O vs. NAI

=

220 listed contact inform ation in ASHG
database

72 listed contactinform ationinthe CDL database

288 did not list contact inform ation with
ASHG or CDL databasze

81 responded to the survey

8 responded to the survey




Figure 4 Specialty of recruitedoviders
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Survey Results

Participants saw an average of 6.39 patients iin which the differential diagnosis
included Ol andNAI, 36% of which were estimated to be legal cagese participant replie
that 100% of cases seen fhis indication were prosecuted.

Contextual factors identifiethatinfluenced the decision as to whether to referteept
for genetic testing include: other clinical featug Ol (85%), family history of features of
(76%), fracture number or type (74%), and socisidny of the child's family (35%). Exampl
of social history stated on the survey includedgod’s living arrangement, parents’ occupatic
and parents’ criminal recorcAdditional factors identifiedby respondentthat influence the
decision surrounding testi are as follows: onparticipant would order genetic ting if the
fractures continued once the child was removed fifterhome or the suspected perpetrator;
participant woulchold an inteview with caregivers (usually parents) to determdassistency o
patient's history with Ol diagnosis; and alongshene lines, a different respondwould order
genetic testing anytime there is an absence ohtession of NAIl All patients under

investigation for possible n-accidental injury were referred for testing undeatpcol of their



institution by 13% of respondents. One respondbmys orders genetic testing because a
confirmation of NAI does not rule out Ol as a pbsidiagnosis; similar sentiments that the two
diagnoses are not mutually exclusive came up tmiopen comments at the end of the survey.
When asked if they had any further comments ontgetesting for Ol, one participant
wrote, “it seems that there are no guidelines aghten to test and when to involve genetics.” In
the comments section at the end of the surveyfférent participants left comments regarding
their personal view on when genetic testing fosbuld be ordered. Here are 4 examples of

strikingly different points of view:

“I try not to [order genetic testing] if there is glinical evidence for OL.”
“I've ordered genetic testing in every case in Whitere's no guilty confession.”

“I never order molecular testing to rule out Ol .y.doing so, you have given the defense
the idea that it could be a possibility. If you ddhink it is Ol, don't order the test.”

“I think it should be tested in the majority of eassuspicious of non-accidental trauma.”

Follow up testing after VUS result

Providers were asked about the procedures camiedtten a patient’s genetic test result
for COL1A1 andCOL1A2 came back as a VUS. The most common responseirgated VUS
testing of parents (mean score = 3.78). The othsults in order from most common to least
common were as follows: Second tier testing (tetéduplication testing or biochemical
analysis) (mean score= 3.09), nothing (VUS is thetresult) (mean score= 2.63), a different
procedure (other) (mean score= 2.57), sequenciothef genes associated with Ol (mean
score= 2.55), directed VUS sequencing of otherlfamembers besides the parents (mean
score= 2.39), start their patient on treatmentOb(for example, medication and physical

therapy) (mean score= 2.00), and lastly, havingdbkalts of the test confirmed by a second



laboratory (mean score= 1.37). One participantroented that, “Child advocacy team manages
the case and informs us if more action is needed.”

As a follow up question, participants were askea wipically requests the tests that they
had selected in the previous question. Physicitedsthat they (themselves) were the most
likely to direct the follow up. Another member detmedical team was second most likely to
request the procedure, except in the case of semgeother genes associated with Ol, in which
case the defense attorney is the second most.li®eky Appendix 3 (Question 6, pg. 25) for
complete details.

The most common reasons listed for why any follgnpuocedures requested either by
themselves or another stakeholder would not beéecbout are listed in order from the most
common reason to the least common: Financial rea&3%6), lack of access to the child (32%),
family request (20%), other reasons (23%), defatieeney request (7%), legal reasons (4%),
and prosecuting attorney request (2%). Despitetiiat financial reasons were the most
common reason listed, the majority of comments axsjzled the role of the family in follow up
procedures:

“Families are learning NOT to have VUS tested im plarents as this puts Ol likely in the

suspected NAT [non-accidental trauma]”

“Parent unavailable or unwilling to cooperate”

“Family does not follow up with recommended paré&family testing”

“Obviously, if [the child is] not with the biologiparents at this point, follow up may not

get done. If [the child is] with the biologic paten[follow up] may not get done even if
recommended (I presume based on legal counsel).”



Utilization of genetic counselc

Most participants indicated that when a pathasgenetic tesing on the basis of Ol vs.
NAI and isfound to have a VUS ssistance of genetic counselor (G(s often not utilized:
51% neveor rarely seek help from a GC, 29% sometimedtenaise GCs, «d 20% always as
a GC for help.

The majority (86%) of those that never asked fdp eerpreting results indicated tr
as a trained geneticist they did not need help5hutndicated tat they did not have easy acc
to a GC. One participant commented that as a miegkeeeticist, he or she answered the que:
to reflect how often a n-geneticistsshould aska genetic counselor for help. One participant
selfidentified as both geneticist and a pediatrician stated “Answer touse of a GC i
predicated on having a GC in the office. My portadrihe genetic practice does not have a

generally available.” Results are depicted in Fegbi

Figure 5. Frequency with which paipants ask a genetic counselor for help in inténpgevVUS

in COL1A1 andCOL1A2

Sometimes
123%



Return of results

The results of the genetic test for Ol are disaddsethe following stakeholders in the
following order of frequency: the physician thafiereed the patient for genetic testing (mean
score= 4.79), the parents of the child (mean scdrg8), the social service agency
representative (mean score= 3.92), the defensmajt¢mean score= 3.20), the prosecuting

attorney (mean score= 3.13), unknown (mean scoré),land other (mean score= 1.71).

When parents or guardians receive the resultdptlmeving reactions are observed in
order from most to least frequent: confusion remaythe test results (72%), emphasized by the
comment, “They think that the kid has a diseasedkplains the fracture”, frustration (46%),
relief (23%), other (20%), unknown (18%), denigdo(9 guilt (2%), grief (2%). One comment in
particular highlighted the complexity of the sitioat “Mixed response depending on how court

system views results”.

Actions taken by social or legal services

One of the questions asked participants how ofétieipts with a question of Ol versus
NAI who are found to have a VUS @OL1A1 or COL1A2 are removed from their home without
further testing. However, according to commenteginaz by respondents, this question is
difficult to answer because in most cases, chil@menplaced into protective custody long before

genetic test results for Ol are returned:

“The child's removal from the home almost always-gates the genetics clinic visit and
any testing”

“My experience has been that child is placed inefiosare before VUS would return if
suspicion is high enough so VUS doesn't reallyathat train.”



Follow up for reclassification of VUSatus

Nearly half the participants (42%) tell family of children in whicta VUS was
identifiedthat they (thefamily) may contact them (the physicians) to find ouhédir identified
variant is ever reclassified as either a bewvariantor pathogeni mutation. 20% say that their
office will contact the patient in the event thia tvariant is reclassified, 6% point ffamily to
resources to tradkiture changes on their own, and 5% does not discussshe it a (Figure
7). 27% marked “Other”, wh most of the comments referencing that the paisescourage
to come back for a follow up appointment betweemd 3 years, at which time the VUS
reassessed. Participants indicated that approxyrhalf of their patients with a VUS i
COL1A1 or COL1A2 return to the clinic at a later date for a reagsess of their clinica
symptoms, checking in for a possible diagnosis lodt@hat time. No data was collected on ¥

many of these patients that return to the clinecastually diagnosed with .

Figure 7. Frequency of methods used for keepingmainformed about changes in VUS st

| provide them with resources
I du nol discuss Lhe issue Lo check un Lheir own
5% 6%



Discussion

The occurrence of unexplained fractures in childsesacommonly encountered clinical
scenario in which providers and investigators ntwysto distinguish between an innate
predisposition for fractures, such as Ol, and naoigeental injury. The need to differentiate Ol
from NAI is best performed by an experienced claridamiliar with OF*, however, assays such
as biochemical and genetic tests are important tarmgntary tools that may be necessary in
some Circumstanclérg)r! Bookmark not defined.Error! Bookmark not def ined..

One theme identified in this study is that theeedifferential practices and provider
perspectives in both ordering genetic testing sesaf unexplained fracture(s) in a child and in
the follow up procedures if a VUS is identified spite published guidelinB&" Bockmark not
defined.Error! Bookmark not defined. ' Thjg rajses both ethical and legal concernsgands to the
inequalities between investigations, depending barera child is evaluated. The EMQN
recently (2012) published a recommended approadragmosing Ol to help guide providers and
the guidelines specifically address recommendationgUS follow-up procedures; however,
these guidelines are not universally followed. @assible explanation is that the guidelines
available are issued by a European organizatioritaadtudy was performed in an American
population. In addition, according to this stuthere are many barriers of various types that
prohibit subsequent procedures from being carrigdfmancial reasons, lack of access to child,
uncooperative family, etc.) Fortunately, theseibes are not all insurmountable; both policy
changes and improvement in education can help ssidmme of the obstacles. For example,
improving the education that parents receive omtbaning of a VUS might help them
understand why it is important to allow the lalidst their DNA as part of segregation analysis,
or why it may be necessary to test their childmmrtations in different genes than had been

analyzed previously. Stakeholders involved in gokcy change could include health providers,



genetic counselors, and Child Protective Servidegending on the situation. It may even be
useful to consider the possibility of a multimedgroach to improving parental understanding
of VUS, in light of previous research suggestingt ttome health care providers may not be the
most adept at explaining the conééptin addition, policy changes that mandate lalwies to
keep an updated database on changes to VUS stajualso be useful. As indicated in
previously published literature, it is important @inics to facilitate communication about VUS
reclassification, either by maintaining current taat information for patients’ families, or by
indicating the patient’s (and family’s) role in ezpting updatéd A combination of approaches
requiring effort on behalf of the laboratories, tiaics, and the parents is likely the best method
to ensure that all the information of importancadsessible to any and all interested parties.
Another finding of this study was that respondetitered on to whom they returned the
genetic test results. Particularly surprising we bnly 68% of participants commented that
they always return VUS results from a genetic t@sOl back to the parents of the child, and
23% said that they usually do. This raises questatiout the ethics of not returning results to
parents, more than 9% of the time. The ACP Etiiasual further indicates, “Information
should be disclosed to patients and, when apptepfemily caregivers or surrogates, whenever
it is considered material to the understandindhefgatient's situation, possible treatments, and
probable outcome&®. This statement supports that parents shouldfbenied of their child's
genetic test results, regardless of whether thdtselsold certain clinical significance or not.
Furthermore, the ACMG published a policy statemer013 indicating that during
diagnostic testing, parents should be engageceimtbrmed consent process in regards to
genetic testing. Unfortunately, when a family unit is disruptededo social services or legal
mandate, the parents may not even be told thatigdasting is being done. Evidence of the

lack of interaction between provider and family vgapported by a number of comments left by



respondents from this survey stating for at least pf the time they were handling the case, they
were denied access to either the child or one tir tothe parents. If a family unit is disrupted,
either appropriately or inappropriately, it makedifficult if not impossible for providers to
communicate important information with familiesguest more follow up tests that may be
informative (parental DNA is often requested fogregation analysis), and it hinders the ability
of family members to ask questions of the providdrsis is evidence that intervention from the
legal system and social circumstance can impadtreard of care for a child.

The above findings are similar to other studie¥d6 result return in other groups. In
one study from Australia, general health profess®(GHPSs) were asked about their
preferences for informing parents about VUS resuitd variants of certain clinical significance
for chromosomal microarray (CMA) technology. It wasand that GHPs prefer to inform
parents of a VUS 88% of the time, while parentsengdightly less sure about their desire to be
informed of VUS, with only 64% responding that threguld certainly like to knoW. This may
be due to poor understanding of the VUS resuldistuin cancer genetics have shown that
comprehension of variants is lowest among thoseiviegy VUS™ “°, and another study has
shown that health care providers may have difficakplaining VUS to patients

This survey also uncovered differences among pesgidn whether and how to keep
parents informed of any changes to a VUS statusoriing to respondents in this study, there is
no consensus on whether the responsibility liek thié patient, the provider, the laboratory, or a
combination of the three. This particular issupagtially addressed in the Dutch Society of
Clinical Genetic Laboratory Specialists (VKGL) ptiae guidelines. According to the
recommendations, “it isssential that laboratories issue an updated clinical regomew
information becomes available to them (reports khba re-issued when a UV (Unclassified

Variant, essentially a VUS) becomes clearly pathager is not pathogenic anymore). They



remind readers that a UV report reflects “the b@strpretation of the data at the time of
reporting and that the most appropriate interpi@iatf UVs may change with tim& More
research is needed on whether or not most labagatare in fact issuing the recommended
updates, but certainly not all of them are, raighmggquestion of whether or not laboratories
should be required to do so. In addition, this atésses the question of how an update in
reclassification should be communicated to therneig provider- whether the laboratory should
be responsible for contacting the provider, or Wwhethe provider should contact the laboratory.
Moreover, once the provider has obtained the refewdormation, it remains unclear how that
information is going to reach the patient (or tlaegmts of the patient if the patient is pediatric).

It is also currently being debated how often thagamational updates should take
place. This issue of frequency can have ethicalicafions, because if, for example, a patient is
given a VUS result that ends up being reclasstdiged mutation a week after the original
diagnosis, yet the patient does not receive thanmhtion until a year later, that patient will have
already lost an entire year of potential treatnmengatient benefit. It is for this reason that
updates to VUS status should not be del&ed

Because of the time urgency illustrated with thevabexample, and due to recommended
practice guidelines published by the VK8Lclinical laboratories are increasingly being
expected to initiate an amendment process for margelassification in order to maintain
updated variant databases. Unfortunately, numgymidems arise in attempting to address this
issue. The first is that as the number of varianteeases, it will become progressively more
difficult to stay up to date on each one. Thiguetboth due to the time it would take to
reanalyze each variant, as well the fact that nad&tratories have no existing system to manage
such updates properly. The Partners Healthcaredadg in Massachusetts is working on

initiating a new database that can manage suctkaatal automatically alert providers to a



change in one of their patient’s varidfitdut not all labs are equipped to do so at the emm
The second problem with expecting laboratoriesstepkup to date variant databases is that with
the way that billing works in most laboratoriegive United States, there is not a way for the
labs to receive reimbursement for their work imigsis and reclassificatidh This may need

to be adjusted at the policy level before it issteable to expect laboratories to comply with
current recommendations.

Regrettably, even if policy changes can help stieeabove problem, that only takes
care of the first step in information translatidime second step is to get the information from the
provider to the patient (or the patient’s parent®)date, there has not been a formal statement
issued on whether it is the responsibility of tiag¢ignt or the provider to initiate contact, but
current guidelines suggest that the best appr@altombination effort by both the provider and
the patiert’.

While this split responsibility sounds like the meguitable approach, it may not be the
most logical. The expectation for the provider égf updated information on all variants that
get returned to patients will become increasingbbpematic as that number of variants grows.
Moreover, as patients and their families move anslAetch health care providers, the ability of a
clinic to recontact a patient diminishes. Becauddh@se complications, it is not unreasonable to
place the responsibility with patients to contacividers to request updates on variant status.
Given that most patients have only one varianhtdrest, and only one provider to contact, it is
logistically more sensible that each patient shanéldesponsible for keeping themselves
informed of any updates to their own variant oénest, rather than expected providers to
constantly check laboratory databases and recosdatt patient.

Participants in this research project primarilyicaded that they ask patients to contact

them in 1 to 3 years after diagnosis to check fgraariant updates. While asking patients to be



responsible for checking back for updates is undedable, waiting 1-3 years may be a bit too
long. As the cost of DNA sequencing goes down aedé¢chnology is getting faster, more
variants are being found every day, and the infdlonanay quickly change. It would not be
unreasonable to recommend that patients checkvificitheir provider in 6 months, or a year at
maximum to request available updates.

One other potential method to keep patients inforofeany updates to variant status is
to utilize information technology. The benefitstbis are already being demonstrated by the
GenelnSight database from the Partners Healthabogdtory (mentioned above), which
automatically sends out notifications to provideten one of their patient’'s VUS has been
reclassified. It might be even more beneficialaastruct an online database that would
automatically alert both health providers and pasievia email to any status changes to their
VUS of interest, at which time the patient can thentact either their provider or a genetic
counselor to request any further desired infornmaftithis proposal automates much of the work

so that time and resources are not wasted.

Limitations

Selection biasContact information for participants were pulledrfr both the American
Society of Human Genetics (ASHG) directory and fritve Collagen Diagnostic Laboratory
(CDL), although the majority of respondents werasthpulled from the ASHG directory. This
left a population group very strongly trained imggcs, which is not an accurate representation
of the majority of physicians confronted with Ol WAI cases. It would have been preferable to
include more participants from a variety of edumadil backgrounds, including child abuse

specialists, pediatrics alone (without an emphasgenetics), and orthopedics. This small



window of respondent’s professions may also havepromised the meaningfulness of the
results surrounding the use of genetic counselors.

Collection of data: It is very difficult to ask prders about how they have handled NAI
vs. Ol cases and summarize the data because esels chifferent from the next. One participant
commented that genetic testing for Ol vs. NAI cases“very complex topic with components
that may not be addressed with checklists. Easé isaunique.” A more complete picture of the
current practices and provider perspective may baea obtained through semi-structured
interviews; however, the survey approach used a&kbfer sampling of a larger number of
providers with the available resources. Participavere given the option to use text boxes for

most questions, should they choose to elaborathenresponse.

Additional future Research

This study focused solely on the current practafegenetic testing for Ol in children
with unexplained fractures and provider perspeahwvhis realm. Future research is necessary
to characterize the experience and perspectivéhefr stakeholders that might be confronted
with interpreting a genetic test result for Ol,luding those from social services and the legal
community. One participant left a comment relatethts issue, stating, “The agencies in charge
of protective services are not sophisticated [reiggij genetic knowledge. The judges have
difficulty understanding what a VUS is.” The VKGLMJGuideline article also touches on this,
saying, “Extreme caution should be taken when mggaireport of a UV to any professional who
is not conversant with the complexities of suclotinfation. In these cases itassential that
careful unambiguous wording is used and é@sgntial to suggest discussion with a clinical
geneticist.” Understanding how the courts undedstard act upon inconclusive genetic testing

results could be helpful to identify whether gap&mowledge exist that could be targeted



through education, with the goal of decreasindgitedihood of misappraisal of the genetic
evidence.

It would also be interesting to conduct a simikaidy in various countries for an
international comparison of how other countriesdi@i®! vs. NAI cases. Some differences on
how Ol vs. NAI cases are handled internationalgiude the following: In Sweden, there are
only about 5 children born each year with Ol, s@a@mess of the disease is very rare. In one
study, 11 out of 24 families with Ol had been sabje suspicion of child abu&e In Australia,
where knowledge and awareness of Ol is greatddrehiare rarely removed from their home
while an investigation of suspected abuse is una¢fwin the UK, there have been instances of
clinicians refusing to take skin biopsies from dhein for diagnostic purposes as it could be
“further abuse to an already abused cHildlt would be fascinating to conduct a study on
provider practices and uses of VUS test resulesanh of these countries, and compare results to

those from U.S. providers.

Conclusions

This study found that when a genetic test is retdras a VUS for a child for whom there
is a question or Ol or NAI, there are many diffexesin current practice and provider’s
perspective. No other group has previously invastig this question. The differences in practice
raise some ethical concerns about whether or esetlifferences are justified, and if not, how
they can be addressed. Responses from the surlgadreducidate some of the reasons for
differences in both practice and perspective;itifrmation can be used to help inform changes
in policy and targeted improvement in educatioeltminate some of the disparities in practice

and alleviate some of the ethical concerns.



However, comments from the survey indicate thatynmnoviders agree that situations in
which there is a question of Ol vs. NAI are alwegther difficult to address. As more is
understood about Ol and the genes associatedtwilieidiagnostic accuracy of genetic testing
will likely increase which will help to allay sona# the complexities of the cases. However, it is
important for providers to keep in mind that eviea genetic test confirms Ol, it cannot rule out

NAI, as the two are not mutually exclusive.



Appendices

Appendix 1. Introduction email sent to participgant

Dear Dr. ,

You are receiving this survey because you previoteserred a patient to the Collagen
Diagnostic Laboratory at the University of Washomgin Seattle. We are conducting a
University of Washington research study. We woikd to collect information regarding how
physicians interpret a genetic result that comek ha a Variant of Unknown Significance
(VUS) when the candidate diagnoses are Osteogeingsisfecta (Ol) and non-accidental injury

(NAI).

We will also ask a few questions regarding how ook your patients’ families interpret a
VUS. Your responses will help us better understhedethical and social implications of a VUS
in this specific situation (Ol vs. NAI). The resulif this study will help us learn what steps we
can take to try to improve the accuracy of inteigtiens of VUS that are used in decisions

related to NAI cases.

This survey should take about 5 minutes for yofilltout, and responses will be completely
anonymous. Participation in the survey is voluntand if you choose to participate, not all
guestions need to be answered. No identifying médion will be recorded by the Qualtrics

survey software.

To complete the survey, follow the link below:

http://washington.qualtrics.com/SE/?SID=SV 7TVAWE&{LLfL




We greatly appreciate your time and participatioour research. If you have further questions

regarding this research, feel free to contact neya@tingb@uw.edu

Regards,

Emily Youngblom, BA, MPHc
Institute of Public Health Genetics
Collagen Diagnostic Laboratory
Department of Pathology
University of Washington

eyoungb@uw.edu




Appendix 2. Survey Questions

Interpretation of DNA sequence Variant of Unknowgrficance (VUS) in infants referred for
genetic testing when the diagnoses of osteogemegerfecta (Ol) and non-accidental injury

(NAI) are present

Q1 What is your specialty?SELECT ALL THAT APPLY
" Genetics
" Pediatrics
" Child abuse
= Orthopedics
-

Other (please explain):

Q2 How often are you consulted to see patients farhom the differential diagnosis is
osteogenesis imperfecta (Ol) or non-accidental injy (NAI)? Please include those in which

no genetic testing for Ol is done.
0 50

Approximate number of
patients peryear

Q3 If you suspect non-accidental injury in a patientwhat features help you decide whether
or not to order genetic testing for Ol COL1A1/COL1A2 genes)?

SELECT ALL THAT APPLY

> Clinical Features (blue sclera, stature, bone datg)y

E Fracture Type (multiple fractures, fractures caesiswith Ol)

E2 Absence of fractures consistent with Ol

> Family History

E social history of patient's parents (incl patiefit/s1g arrangement, parents’ occupations,
parents' criminal records, etc.)

» Court ordered/legal case (in absence of clinicatiuiees of Ol)

> Parental Request

E o testing is a protocol of my institute in all easn which NAI is suspect
e

Request by other member of care team



> Other (please explain):

Q4 What is your estimate of the percentage of yoyratients who are genetically tested for
COL1A1/1A2 are legal cases (child is put in foster care, chges are pressed against parents,
case goes to court)?

0 10 20 a0 40 50 60 70 a0 a0 100

Percent (%)

Q5 After a patient’s genetic test result forCOL1A1/1A2 comes back as a VUS, are any of
the following procedures ever carried out as a nexdtep?

How Often?
Mever Rarely Sometimes Usually Always

Sequence Other
Genes Associated
with Ol

Directed VUS
Sequencing of
parents

Directed VUS
sequencing of other
family members

Have results
confirmed by a
second laboratory

Second tier testing
(deletion/duplication
testing or
piochemical
analysis)

Start patient on
treatment for Ol
(medication, PT, etc)

Do nothing (end
resultis a variant)

Other



Q6 After a patient’s genetic test result forCOL1A1/1A2 come back as a VUS, who typically
recommends/requests the following procedures?

VWho typically requests this (Select all that apply)

Other
Provider . Defense Prosecuting Social member MNAnever
(You) Family Attorne Attorne Waorker ofthe recommended)
’ L you medical
team
Sequence Other
Genes Associated O 0 [ [ [ [ ]
with Ol
Directed VUS
Sequencing of [ [ = ] ] [ O
parents
Directed VUS
sequencing of ather Bl [l Ol [ [l [ O

family members

Have results

confirmed by a [ [ =l [ [ [ ]

second laboratory

Second tier testing
(deletion/duplication

testing or = [ E [l O O ]

biochemical
analysis)

Start patient on

treatment far Ol ] = = =] [ [ ]
(medication, PT, etc)

Do nothing (end F F F F | l [l

resultis avariant)

Other & =] [ ] [ [ ]

Q7 If the actions from the previous question are niocarried out, what is the most common
reason why not?

SELECT ALL THAT APPLY

Family request

Defense Attorney request

Prosecuting Attorney request

No access to child (eg. child removed from home)

Financial reasons

Legal reasons

B NN R A R L

Other (please explain):




Q8 Of those patients whose results come back as a VWSCOL1A1/COL1A2,
approximately what percentage of them return to chic for follow-up of a possible
diagnosis of OI?

0 10 20 20 40 50 60 70 a0 a0 100

Percent (%)

Q9 When a patient who was genetically tested on thmasis of Ol vs. NAl is found to have a
VUS in COL1A1/1A2, what are the most frequent reactions from the panets/guardians of
the patient when you return the result?

SELECT ALL THAT APPLY

" Confusion regarding test results
Frustration

Relief

Guilt

Grief

Denial

Unknown

B NN R R R R

Other (please explain):

Q101In your experience, to whom are the results of Ols. NAI genetic testing typically
released, and approximately how often?
Mever Rarely Sometimes Often Always

Parents

Physicians who referred the
patient to you

Social service agency
representative

Defense Attarney
Prosecuting Attorney
LInknown

Other

Q11 Of those patients whose results come back as a VUSCOL1A1/1A2, approximately
what percentage of them are removed from their homwithout further testing?

0 10 20 30 40 50 60 70 a0 an 100

Percent (%)



Q12 When a patient who was genetically tested on the big of Ol vs. NAI is found to have
a VUS in COL1A1/1A2, approximately what percentag®f the time do you request help
from a genetic counselor to interpret the results?

> Never
Rarely
Sometimes
Often
Always

Oooon

(Q13 Displays if Q12 is Never)
Q13 Why not?

> I'm a geneticist
E2 | do not have easy access to a genetic counselor

E other (please explain):

Q14 For patients who receive a VUS test result, dgou discuss with the parents/guardians
any plans to keep them informed of any changes thé VUS status in the future?

> Yes, | tell them my office will recontact them

> Yes, | provide resources for them to check on thein for any changes in VUS
reclassification

E | tell them they can contact me
> No, I do not discuss the issue

> Other (please explain):

Q15 Any additional comments on genetic testing for ostgenesis imperfecta vs. non-
accidental injury?



Appendix 3.

1. What is your specialty? SELECT ALL THAT APPLY

#  Answer | Response % |

1 Genetics . 1] 88 99%

2 Pediatrics —— 53 60%

3 Child abuse 0 0%

4 Orthopedics h 0 0%

5 Other (please 2 2%
explain):

2. How often are you consulted to see patients farhom the differential diagnosis is
osteogenesis imperfecta (Ol) or non-accidental injy (NAI)? Please include those in which
no genetic testing for Ol is done.

# Answer Min Value | Max Value AT Standfard Responses
Value Deviation

Approximate
number of
patients per
year

0.00 40.00 6.39 6.31 85



3. If you suspect non-accidental injury in a patiet, what features help you decide whether
or not to order genetic testing for Ol (COL1A1/COL1A2 genes)? SELECT ALL THAT
APPLY

Answer Response %
Clinical ] 66 85%
Features (blue

sclera, stature,

bone deformity)

Family History IS 59 76%

Fracture Type L 58 74%
(multiple

fractures,

fractures

consistent with

ol)

Court I 36 46%
ordered/legal

case (in absence

of clinical

features of Ol)

Absence of I 34 44%
fractures

consistent with

ol

Request by e 28 36%
other member

of care team

Social history of [ 27 35%
patient's

parents (incl

patient’s living

arrangement,

parents’

occupations,

parents'

criminal

records, etc.)

Parental e 27 35%
Request

Oltestingisa [0 10 13%
protocol of my

institute in all

cases in which

NAI is suspect

Other (please [0 10 13%
explain):



Other (please explain):

| order testing for Ol regardless as some NAI pasienay also have Ol

Presence or absence of Wormian bones

continued fractures once away from perpetrator

Interview with caregivers (usually parents) to ude family, pregnancy, birth and medical
histories of patient to evaluate consistency witldi@gnosis

I've ordered genetic testing in every case in whighe's no guilty confession

4. What is your estimate of the percentage of yoyratients who are genetically tested for
COL1A1/1A2 are legal cases (child is put in fosterare, charges are pressed against
parents, case goes to court) each year?

Answer Min Value | Max Value AUEES SIENeER Responses
Value Deviation

Percent
(%) 100.00 36.39 33.33

5. After patients' genetics test result @DL1A1/1A2 come back as a VUS, are any of the
following procedures ever carried out as a nexistéow Often?

Question Never Rarely Sometimes Usually Always  Total Mean
Responses

Directed VUS 3 7 13 35 19 77 3.78

Sequencing of

parents

Second tier testing 4 13 36 14 7 74 3.09

(deletion/duplication

testing or

biochemical

analysis)

Do nothing (end 12 14 29 11 1 67 2.63

result is a variant)

Other 4 2 4 4 0 14 2.57

Sequence Other 6 27 29 6 1 69 2.55

Genes Associated

with Ol

Directed VUS 12 25 28 6 0 71 2.39

sequencing of other

family members

Start patient on 23 23 19 2 0 67 2.00
treatment for Ol

(medication, PT,

etc)

Have results 48 15 5 0 0 68 1.37
confirmed by a

second laboratory



6. After a patients' genetics test result foCOL1A1L/1A2 come back as a VUS, who typically
recommends/requests the following procedures? (®et all that apply)

c = = 0

o s =% L iits i
S 3 £ QS Q S ED S
o g 8z E= 1237 &
s < T o = =9 e

Directed 59 1 0 0 0 4 3 67

VUS

Sequencing

of parents

Second tier 56 2 1 0 0 5 3 67

testing

(deletion/dupli

cation testing

or

biochemical

analysis)

Do nothing 39 0 0 0 0 1 13 53

(end resultis a

variant)

Other 6 1 0 0 1 1 6 15

Sequence 46 2 4 0 0 3 8 63

Other Genes

Associated

with Ol

Directed 42 2 0 0 0 1 15 60

VUS

sequencing

of other

family

members

Start patient 24 4 0 0 0 19 19 66

on treatment

for Ol

(medication,

PT, etc)

Have results 7 5 1 0 0 3 42 58

confirmed

by a second

laboratory




7. If the actions from the previous question are ot carried out, what is the most common
reason why not? SELECT ALL THAT APPLY

Answer Response %

Financial I 35 63%

reasons

No access to [ 18 32%
child (eg.

child

removed

from home)

Other (please | 13 23%
explain):

Family e 11 20%
request

Defense | 4 7%
Attorney

request

Prosecuting | 1 2%
Attorney

request

Legal | 2 4%
reasons

Other (please explain):

low suspicion of diagnosis or abuse

Some family requests are reasonable - review im®6ths in non-legal case, while a request
for therapy without a reasonable suspicion of gmsis would not be honored

Family does not follow up with recommended paréfaalily testing (not sure if related to legal
counsel)

parent unavailable or unwilling to cooperate

no reason to test unnecessarily

Families are learning NOT to have VUS tested ingaients as this puts Ol likely in the
suspected NAT.

Child advocacy team manages the case and inforafisnage action is needed

Family not cooperative

medical reasons (other data supports Ol vs NAI)

I've never had to deal with a VUS in COL1A1/2. Stoh't know what TYPICALLY happens in
my state (I1A). | know that if | had to deal withv&JS, | would order parental testing.

It depends on the clinical scenario rather than islrequesting other things be done. If | have a
high clinical suspicion | will potentially pursueé@itional studies and treat as OI. If not, | will
test parents and if one carries VUS and is normall consider as a likely benign variant.

| have never sent a test for Ol without clinicaligations in addition to NAT, and | have never
had Ol testing results return as VUS.

If the clinical suspicion for Ol was weak and thex&US only, | do nothing



8. Of those patients whose results come back a¥8dS in COL1A1/COL1A2,
approximately what percentage of them return to chiic for follow-up of a possible
diagnosis of OI?

Answer Min Value | Max Value AIES BT Responses
Value Deviation

Percent
(%) 100.00 50.79 35.37
9. When a patient who was genetically tested ondtbasis of Ol vs. NAl is found to have a

VUS in COL1A1/1A2, what are the most frequent readbns from the parents/guardians of
the patient when you return the result? SELECTALL THAT APPLY

Answer Response %
Confusion [ a7 72%
regarding

test results

Frustration [ 30 46%
Relief N 15 23%
Other e 13 20%
(please

explain):

Unknown e 12 18%
Denial | 6 9%
Guilt | 1 2%
Grief | 1 2%

Other (please explain)

Depends on the indication

variable responses

mixed response depending on how court system uviesists

not really confused, just needing explanation amdmmendations

Acceptance it is gray zone -based on clinical sifdsfinite clinical Ol will continue to be
treated as such

depends on the reason for testing to begin with.

The child advocate is in charge. The team woulel itkaddress NAT first and do limited work
up for Ol

They think that the kid has a disease that expkhiadgracture



10. In your experience, to whom are the results @l vs. NAI genetic testing typically
released, and approximately how often?

Question Never Rarely Sometimes Often Always Total Mean
Responses

Physicians 0 0 3 7 53 63 4.79

who referred

the patient to

you

Parents 1 1 3 15 43 63 4.56

Social service 1 4 14 21 20 60 3.92

agency

representative

Defense 11 5 14 14 12 56 3.20

Attorney

Prosecuting 11 5 15 14 10 55 3.13

Attorney

Unknown 5 1 3 0 0 9 1.78

Other 4 1 2 0 0 7 1.71

11. Of those patients whose results come back a¥dS in COL1A1/1A2, approximately
what percentage of them are removed from their homwithout further testing?

Answer Min Value | Max Value AUEES SIENeER Responses
Value Deviation

Percent
(%) 100.00 20.67 23.26

12. When a patient who was genetically tested ohe basis of Ol vs. NAl is found to have a
VUS in COL1A1/1A2, approximately what percentage othe time do you request help from
a genetic counselor to interpret the results?

Never

Rarely 10 16%
Sometimes 8 13%

Often 10 16%
Always 13 21%

Total 63 100%

12 SKIP LOGIC Q13 unless Q12 is NEVER.



13. Why not?

Answer Response %
I'm a 19 86%
geneticist

| do not I 1 5%
have easy

accessto a

genetic

counselor

Other [ 2 9%
(please

explain):

Total 22 100%

Other (please explain):

Why is the question a gc and not a clinical gemnsdtar lab geneticist
| am a genetic counselor working in a team witleaagicist

13. For patients who receive a VUS test result, dmu discuss with the parents/guardians
any plans to keep them informed of any changes thé VUS status in the future?

Answer Response %

| tell them 27 42%
they can

contact me

Other (please [N 17 27%
explain):

Yes, | tell B 13 20%

them my office

will recontact

them

Yes, | provide . 4 6%
resources for

them to check

on their own

for any

changes in

VUS

reclassification

No,Idonot 3 5%
discuss the

issue

Total 064 100%




We routinely check on the status in each pregnancy

| ask the family to call our office yearly for ugda

It depends on the social circumstances. If themqgarhave custody, they are informed that the
results may get re-interpreted over time. If tetgct to f/u at a 1-2 year interval, the officefista
(GC/MD) re-address the VUS based on current knogdetf the reference lab contacts this
office, we contact the family as a matter of couFs® a child in a state-directed custodial
situation, we may lose track of the child but theard is available until the child's 25th birthdate
(by law) so that the issue could be re-addressed tg-presentation or an external records
request.

| recontact!, provide resources, and urge themaute call, follow-up. Each case is different re;
response

may plan follow up visit in 1-3 years dependingage of patient

If the lab notifies us of an update, we will coritde family

we tell them to continue follow up in clinic to hedated

| continue to follow the patient

Child advocacy and genetics follows besides the PCP

encourage them to stay in touch with medical gegeti

The issue is revisited on follow up and revisitinig recommended in the consulting letter.

| never had to deal with a VUS in these genes.

| would plan routine follow up to re-evaluate theding

| tell them they can contact me re; new informatilcadso inform them on existing resources that
they can turn to on their own. Increasingly paraemts guardians wish to have as much
information as possible. they realize that it meleta long time to get a final update.

| recommend periodic follow up at which time | reass the variant

| tell them that | will not be following up on ir@ontacting them about it



15. Any additional comments on genetic testing farsteogenesis imperfecta vs. non-
accidental injury?

| still think Ol is basically a clinical diagnosis.

Re the previous question, | always tell patientany VUS in any gene or microarray to re-
check with us every 1-2 years. Re this questidmave no idea: Of those patients whose results
come back as a VUS in COL1A1/1A2, approximately iwdexcentage of them are removed
from their home without further testing?

n/a

It is helpful, but doesn't necessarily rule out N&Ust because a patient has Ol doesn't mean that
child was not abused.

| try not to do it if there is no clinical eviden&a Ol.

Answer to the use of a GC is predicated on havi@gan the office. My portion of the genetic
practice does not have a GC generally available.

| am generally not involved in the legal aspecttheke cases

If inpatient, we are rarely consulted if NAT is pasted and the ward or PICU team, or child
abuse physician, is the one who initially deciadethe COL1 molecular testing. The disposition
of the child at discharge is based on other factetmlly, not the molecular results (which may
not be back). When the result is VUS, then theddBireferred to genetics for further
recommendations and follow up. Obviously, if nothwthe biologic parents at this point, follow
up may not get gone. If with the biologic parenitsnay not get done even if recommended (I
presume based on legal counsel).

the child's removal from the home almost alwaysdates the genetics clinic visit and any
testing; so it was difficult to answer the questi@i those patients whose results come back as a
VUS in COL1A1/1A2, approximately what percentageh@fm are removed from their home
without further testing?"

It is important to remember that even a child vithcan have a NAI. Our child protection team
looks at the entire situation and would never l@asecommendation solely on results of genetic
testing, VUS or not.

| think it should be tested in the majority of caseispicious of non-accidental trauma.

| never order molecular testing to rule out Olordler testing is there is a suspicion that it is a
possibility. COL1A1/2 testing does not fully rudet Ol and by doing so, you have given the
defense to idea that it could be a possibilityydfl don't think it is OI, don't order the testhe
mantra | go by.

yes - one of the defense attorney pointed oustidtement at the end of report that says - "this
test should not be used for investigational purp@se was claiming that the law suit is
investigational and therefore any test result cabeaised in the court of law.” | was wondering
whether it can be clarified?

Would like to know the relationship between wormiammes and Ol

the question about how often | turn to a genetimselor is not valid since | am a medical
geneticist so | answered with how often | thoughba-geneticist should do this

| wish the survey had introduced the question wéretie care provider ever had to deal with a
VUS in these genes. It is probably only a mattetiroé before | will deal with it, but so far we
as a group of 5 geneticists have had a prettyipeskperience with the CTGT lab.

| will only order studies if there are clinical imgs or family history concerns, unless | am
requested to do so from DHHS/lawyer ect

Usually a difficult situation



it seems that there are no guidelines as to whest@and when to involve genetics. the agencies
in charge of protective services are not sophisticee; genetic knowledge. The judges have
difficulty understanding what an VUS is. No onesst#e need for family studies. Again each
and every case is different.

Very complex topic with components that may noatddressed with checklists. Each case is
unique in terms of clinical features, degree opstien for Ol vs. NAT, etc and those factors
drive the work up and follow up. My experience bagn that child is placed in foster care
before VUS would return if suspicion is high enowghVUS doesn't really drive that train.
Always a difficult situation. Sometimes patientshamolecularly proven Ol are indeed abused
by their parents. Great care must be taken esagyy the family situation.

Medical History , Family history Clinical exam fimdjs, radiology findings still are powerful
findings

We only order molecular testing in individuals wdleo have some additional clinical features of
Ol. If there is an isolated bone injury withouhet features, no additional testing is pursued.
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