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Abstract: Research on how physicians predict and communicate prognosis focuses primarily on
end-of-life care. Unsurprisingly, as genomic technology gains traction as a prognostic tool, the
focus has also been on terminality, with research focused on how genetic results may be used to
terminate pregnancies or redirect care towards palliation for neonates. However, genomic results
also have powerful impacts on how patients who live prepare for their futures. Genomic testing
provides broad-reaching and early—albeit complex, uncertain, and shifting—prognostic information.
In this essay, we argue that as genomic testing occurs earlier and increasingly in a screening context,
researchers and clinicians must strive to understand and manage the prognostic implications of
results. While our understanding of the psychosocial and communicational aspects of prognosis
in symptomatic populations is incomplete, it has progressed further than our understanding in a
screening context and therefore provides useful lessons and feasible opportunities for further research.
By providing an interdisciplinary and inter-specialty perspective on the psychosocial and communi-
cational aspects of prognosis in genetics, we discuss prognostication with respect to genetics from the
neonatal period through adulthood, highlighting medical specialties and patient populations that are
especially informative for considering the longitudinal management of prognostic information in
genomic medicine.

Keywords: prognosis; communication; exome sequencing; psychosocial; prognostic utility; genomic;
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1. Introduction

Precision medicine promises the right treatment at the right time [1]. But genomic test-
ing also provides information that does not immediately direct treatment, instead providing
information with respect to prognosis [2]. Indeed, research indicates that the perceived
utility of genomic sequencing extends beyond clinical measures to behavioral, cognitive,
emotional, and social parameters [3]. Yet healthcare researchers are only beginning to
uncover the ways genetic information shapes expectations for patients’ futures at different
points in life. As testing is increasingly deployed more widely, even in screening contexts to
patients without known pathology, the impact of early testing must be studied to evaluate
the effects of prognostic information.

Pediatric genomic medicine is premised on the idea that early diagnosis is optimal for
patients and their parents. We argue that as genomic testing occurs earlier and increasingly
in a screening context, researchers and clinicians must strive to understand and manage
the prognostic implications of results. Extant research on how physicians predict and
communicate prognosis focuses primarily on cancer and end-of-life care [4,5]. Unsurpris-
ingly, as genomic technology emerges as a prognostic tool, the focus has also been on
terminality. Researchers have studied how genetic results may be used to decide whether
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to terminate pregnancies [6] or redirect care toward palliation for neonates [7,8]. However,
genomic results also have powerful impacts on how patients who live prepare for their
futures. Genomic testing provides broad-reaching and early—albeit complex, uncertain,
and shifting—prognostic information. More research is needed to understand how the
prognostic implications of genetic results are managed over a lifetime.

Here, we provide an interdisciplinary and inter-specialty perspective on the psychoso-
cial and communicational aspects of prognosis in genetics. While an understanding of the
psychosocial and communicational aspects of prognosis in symptomatic populations is
incomplete, it has progressed further than our understanding in a screening context and
therefore provides useful lessons and feasible opportunities for further research. Looking
across the lifespan, we discuss prognostication with respect to genetics from the neonatal
period through adulthood. We highlight medical specialties and patient populations that
are especially informative for considering the longitudinal management of prognostic
information in genomic medicine and delineate future research in this domain.

2. From Prognostic Utility to Imagined Identities in the NICU

In the first weeks to months of life, babies emerge from anonymity. Parents begin to
construct an identity and imagine a future for their children. A newborn participates in
these processes through early forms of communication and interaction. Parents imagine ad-
ditional interactions which add to the drama of the child’s identity formation [9]. Generally,
identity is constructed on a backdrop of normality—children are predicted to have able
bodies and able minds. The process by which parents develop identities for their newborns
itself represents a type of prognostication, though it is not traditionally conceived as such.

When a newborn is critically ill, these processes of identity formation are radically
disrupted. Parents struggle to feel like parents and to feel that they know their children [10].
They are often deprived of reciprocal interaction and even the basic activities of new par-
enthood: diapering, feeding, and holding. In place of these activities, information from
clinicians becomes a charter for the future. Parents have a heightened awareness of prog-
nostic questions, and diagnoses of all varieties take on prognostic power. Genetic diagnoses
may be particularly potent in influencing parents’ sense of the future, as genetic essential-
ism is well documented in other contexts and increasingly recognized in neonatology [7,11].
Genetic diagnoses may be seen as more prescriptive or immutable than non-genetic ones,
and even weak genetic explanations may be given undue weight [7,11].

This future-shaping effect of genetic diagnoses is frequently summarized with the
catchphrase “ending a diagnostic odyssey” [12]. The term suggests the end of an arduous
journey, presumably a traverse through the uncertain and lengthy search for a diagnosis.
Our recent systematic review reported measures of utility in studies of genomic medicine for
neonates [2]. Here too, the prognostic effects of genetic diagnoses are recorded as uniformly
positive and are one of the most common benefits reported for genomic medicine. Yet, the
reality of receiving prognostic genetic information early in life is more complicated. In
the qualitative literature, genetic diagnoses made in the neonatal period take on different
meanings for different families. For some families, a named diagnosis itself provides relief.
In an interview study of parents undergoing rapid genome sequencing of their neonates,
one parent explains that a diagnosis “gave us reassurance that as we made decisions for
him, we really knew what was going on. And it also put a name to it, you know, versus
saying our son has these symptoms and we don’t really know why. It gave us some closure
as parents to know that there was a reason, that it’s been identified” [13] (p. 420).

Other parents report that early genetic diagnoses sometimes feel unnecessarily limiting
and focused on pathology. In a narrative piece by this essay’s third author and Adams, a
mother describes her experience receiving a Down syndrome diagnosis at birth: “[Henry]
was immediately whisked away to be examined and monitored by a battery of specialists
under the hospital’s Down syndrome protocol” (p. 2). In reflecting on her son’s birth,
Adams was confident that specialists provided her son with the best possible care yet felt
that their focus on discerning potential dysfunction resulted in unintended consequences
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as parents “come to know our children first, not as new members of our family but as
potential sufferers of illnesses and delays” [14] (p. 2). This stands in contrast to the textured
life Henry eventually develops, in which, despite his disability, he loves the minions and
the lobsters at the grocery store and distracts his mom from homework by telling her she
is beautiful. Another mother in the neonatal intensive care unit receives a diagnosis with
a grimmer prognosis and highlights the problems of receiving prognostic information so
early in infancy. She explains, “before all these tests, I think parents were able to cope better,
get attached, smell the top of their kid’s head, feel like parents before being given a death
warrant and the end of the story” and ultimately concludes that receiving this information
later in her child’s life would have been more beneficial [15] (p. 1029).

Modern genomic medicine frequently generates uncertain prognostic information for
neonates, which adds additional complexity [16]. Genetic results may be associated with
a poorly defined phenotype, predictive of a broad range of outcomes, or be a variant of
uncertain significance. Whole exome approaches to testing also reveal genetic variants as-
sociated with adult-onset disease risks or conditions. Given these longitudinal implications
of genomic test results, the American Society for Human Genetics’ (ASHG) most recent
statement on “Points to Consider: Ethical, Legal, and Psychosocial Implications of Genetic
Testing in Children and Adolescents” recommends “that genetic testing in children should
include a long-term communication plan for all results,” that considers who should be
involved in such communication and when information should be shared “on the basis of
age, maturity, and capacity to understand” [17] (p. 16). While the ASHG recommendations
are apt and laudable, additional research is needed to determine the best practices for
communicating genetic results and their evolving prognostic implications.

Whole-genome approaches to genetic testing raise new questions about communica-
tion because they afford a multitude of complex results, yet the challenge of comprehensible
and developmentally appropriate communication has always been a part of the manage-
ment of pediatric genetic conditions. In a reflective essay, Fanos compares the experience
of the current cohort of “first families” adapting to novel diagnoses born of microarray
analysis, whole-genome, and whole-exome sequencing to an earlier generation of families
who first faced relatively new single-gene disorders in the middle of the 20th century [18].
Similarly, we argue that a deeper understanding of the experiences of this earlier gener-
ation of patients with genetic diagnoses is critical to consider the benefits, harms, and
communicational challenges of pediatric genomic sequencing.

3. From ‘Open Futures’ to Prognostic Imagination

Genetics research often focuses on the initial communication and reception of genetic
test results [19–21], yet the stories told by affected individuals and their family members
attune us to the lifelong challenge of prognostication. For example, disability activist
and poet Laura Hershey learned the prognostic implications of her muscular dystrophy
when she came across its definition in the dictionary. Sitting alone at school, she read:
“A genetic disorder in which the body’s muscles weaken and eventually waste away.”
At that moment, “All the futures I had imagined for myself were now replaced by this
newly-revealed short future: ‘eventually, waste away’” [22] (p. 37). In contrast, genetic
counselor Radhika Sawh always knew that her beta thalassemia major might shorten her
life. Her older brother had died from it in childhood, and she grew up pioneering new
treatments that had never been applied to young children. In her early twenties, when a
boyfriend expressed serious intentions, Sawh recalls telling him, “I do not know anyone
who is over 35 with this condition. You have to understand I don’t know how long I’m
going to live. I don’t even know if I can have kids” [23]. Sawh’s story, along with Hershey’s,
speaks to the complex challenges of communicating about and “living in prognosis” to use
the words of anthropologist S. Lochlann Jain [24].

Jain theorized “living in prognosis” when grappling with “the firing squad of statistics”
that came with their breast cancer diagnosis in their thirties [24]. While childhood-onset
genetic conditions have altogether different temporalities than cancer in mid-life, these
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diagnoses also deploy a fusillade of data that may inflect time and future for both the
affected individual and the whole family. The first author of this essay recently proposed
prognostic imagination “to capture the complex ways that people envision their lives given
diagnostic and prognostic information” [25]. This concept is key for genomic medicine
because it conveys the impact of prognostic messages on what individuals envision, fear,
dream, or plan for their lives in light of diagnostic and prognostic information [25]. At a
technological moment when we often have access to more data than information, prognostic
imagination calls for us to think critically about how we interpret and communicate
the prognostic implications of genetic test results at diagnosis and as individuals grow
into adulthood.

Despite the importance of prognostic communication, few studies investigate how
children learn the prognostic implications of their diagnoses as they grow up and enter
adulthood [26–31]. The few studies that do exist suggest that parents struggle to commu-
nicate with their children about prognosis and that both patients and parents want more
information and assistance with respect to their futures [27,29,30]. Thus, before moving
ahead with broadscale genetic testing in pediatrics—especially as screening—we need
to take the challenge of prognostic communication across the lifespan seriously. This is
especially important because pediatric genetic diagnoses often have variable and uncertain
prognostic implications. Furthermore, prognoses are always evolving because our under-
standing of disease spectrums broadens as more people are tested [32] and because medical
advances attenuate and alter disease processes. We need more research assessing how
patients and families ascertain and internalize prognostic information to identify harmful
consequences and provide the necessary support.

Take the example of cystic fibrosis (CF), a longstanding Mendelian disorder that was
once considered lethal in childhood but now affects more adults than children in the United
States [33]. Despite being relatively common, only a single paper discusses prognostic
communication with affected individuals [27] outside of advanced care planning [34–38].
CF has been transformed by serial innovations from pancreatic enzymes, center-based care,
and antibiotics [39] to targeted therapies [40]. With these therapeutic advancements, the life
expectancy for CF has gradually increased from 5 years in 1954 [41] to 50 years in 2020 [40].
The recent introduction of cystic fibrosis transmembrane conductance regulator (CFTR)
modulator therapies [40] both contributes to increasing life expectancy and highlights
the fallacy of that metric. One woman with CF compared the impact of starting a CFTR
modulator on her perception of the future to a cancer diagnosis in a “seemingly healthy
person” [42]. Just as a terminal cancer diagnosis can replace “the possibility of a long-term
future” with day-to-day living directed at reaching the next milestone, this young woman
described already living day-to-day and then starting a drug that opened the “scary sce-
nario” of “a future of endless possibilities” [42]. Thus, hopes associated with modulator
therapies bring into relief the impact of early prognostic information on conceptions of time,
future, and life plans. CF and other classical childhood onset-genetic conditions provide
informative case studies for interrogating the psychosocial and communicational aspects of
prognosis. By focusing on longstanding childhood-onset genetic conditions like CF, we can
ask how affected individuals learn about prognosis initially and over time as the prognosis
evolves. With that, we can develop an understanding of the impact of prognostic informa-
tion, identify sources of misunderstanding, miscommunication, and misinterpretation, and
establish communication guidelines and tailored psychosocial supports.

4. Lessons in Prognostic Communication from Pediatric Oncology

Because it is a relatively common biographical disruption that rapidly recasts one’s
possible future, cancer has long been a focus in both scholarly work and lay perspectives
on prognostication. In pediatric oncology, the heretofore open futures associated with
childhood are abruptly threatened by a potentially terminal illness. Pediatric oncology has
therefore been a prominent focus in normative and empirical work on communication and
ethical issues in the care of children [43–45]. Extant research on prognostic communication
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in pediatric oncology may offer important guidance as we consider how to thoughtfully
integrate genomics into pediatric medicine.

The clinical approach to prognostic communication in pediatric oncology has shifted
over the prior half-century, as a diagnosis of childhood cancer has fortunately evolved from
a universally terminal prognosis to a varied group of diagnoses with a median survival of
80% [46]. Nevertheless, the initial conversation between the pediatric oncologist and the
parents of a child with cancer—the “Day One Talk”—continues to require careful attention
to convey important information about diagnosis and treatment in an emotionally and
informationally overwhelming setting [47]. When surveyed, most parents of children with
cancer endorse valuing honest information about the prognosis of their child’s cancer—
even when distressing—not only at the time of diagnosis but also throughout the course of
their child’s treatment [48,49]. Honest, direct communication processes about prognosis can
increase peace of mind, trust, and hope [46,50]. Likewise, in pediatric genomic medicine,
many parents value receiving their child’s genomic testing results, even when uncertain in
significance [51].

Yet despite these documented preferences in pediatric oncology, research indicates
that pediatric oncologists may poorly estimate family’s informational needs, suggesting
a need to explicitly assess each family’s individual needs [49,52,53]. A 2018 review of
research on provider-parent/patient communication in pediatric oncology highlighted this
generalizable lesson, noting that children and parents have persistent information needs
throughout their illness journeys, but individuals can vary in the amount of information
they desire [54]. Despite an increasing understanding of family needs and preferences
about prognostic communication, there is plenty of space for improvement. Prognostic
communication remains particularly challenging when patients have cancers with poor
prognoses or especially when the prognosis is less certain. In these cases, studies have
shown that pediatric oncologists temper their assessment of poor prognosis when speaking
with families or avoid the discussion altogether, especially during periods of disease
stability or when disease progression is unclear or equivocal [55–57]. Whether there are
similar or different types of gaps in communication about the implications of genomic
testing and results in children and neonates still needs to be explored, particularly in cases
of clinical uncertainty or genetic results with uncertain significance.

Given the increasing data about parental preferences for communication in pediatric
oncology, researchers have begun to propose methods to improve the longitudinal inte-
gration of prognostic communication into childhood cancer care. The “Day 100 Talk”,
for example, is a structured conversation that takes place separate from the initial diag-
nostic disclosure and treatment discussions [58]. This intervention provides an explicit
opportunity to focus on family concerns, with the goals of fostering open interdisciplinary
communication and decreasing parental distress [58]. Interdisciplinary approaches may
shift the responsibility of tracking and monitoring whether prognostic communication
has occurred to the larger multidisciplinary clinical team rather than relying only on the
patient’s primary oncologist [59]. Others have suggested communication strategies, such
as “seed planting”, where prognostic information is offered gradually over time [60], or
a “What If” framework to approach the discussion of uncertainties and explore concerns
with families [61]. There is perhaps an opportunity to take similar approaches to both
studying and enhancing prognostic communication with respect to genomic testing. As
we increasingly supply families with prognostic information early in a child’s life, it is
imperative to establish the key-time points at which to revisit genomic test results, elicit
patient’s and parent’s questions and offer additional anticipatory guidance. Even in the
context of classical childhood-onset genetic conditions, revisiting prognosis as a routine
part of clinical care throughout a person’s life may be helpful as their ideas about it may
change as medical advancements and their own medical trajectory unfold [25].

In addition to offering lessons on prognostic communication for genomic medicine
more generally, pediatric oncology is also directly grappling with how to communicate
information about genomic testing and its results alongside other diagnostic and prognostic
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results related to a child’s cancer diagnosis. In recent years, advances in technology have
enabled the incorporation of more sophisticated molecular testing into clinical cancer care.
Molecular sequencing of tumor cells can identify genetic alterations to employ molecularly-
targeted therapies [62], which may be particularly useful for pediatric and young adult
patients whose cancers do not respond to standard treatments [63]. Even when performed
only on a child’s tumor cells, this testing has the potential to reveal a germline variant
in the child—a genetic variant present both in the tumor cells and in the child’s healthy
cells. Indeed, some centers routinely send paired tumor and “normal” samples to facilitate
more easily distinguishing between variants present only in the tumor versus those in the
germline. Extensive sequencing might therefore reveal secondary findings indicating a
cancer predisposition in the patient, a predisposition for another adult-onset condition,
or a variant of unknown significance (that may be reclassified over time). While the
goal of the testing may be to assist in the diagnosis or management of the child’s cancer
diagnosis, secondary or incidental genomic results may impact the child beyond their
current diagnosis. The psychosocial impact of genomic testing on children with cancer and
their parents is not entirely known. Advanced genomic testing of children with cancer is
sufficiently new that recommendations for communicating this type of information have
not yet been established. With time, the field of pediatric oncology will have to determine
how to revisit genomic results as children grow up, enter survivorship, and establish adult
care. In the meantime, pediatric oncology offers important models for considering the
long-term process of prognostic communication in pediatric genomic medicine.

5. Towards Managing Prognosis across the Lifespan

Considering the potential impact of prognostic information across the lifespan will
help us ask new and important questions about the psychosocial and communicational
aspects of prognosis in genomic medicine and beyond. Because prognosis is an inherently
longitudinal phenomenon, it is difficult to study amidst rapidly evolving genomic technolo-
gies. Accordingly, the genomics community will have to thoughtfully curate knowledge
gleaned from different specialties and populations to achieve the call by ASHG for compre-
hensible and developmentally appropriate communication of genomic test results and to
manage prognostic information across the lifespan. For example, by drawing on develop-
mental work on parent-infant bonding, we can think critically about the potential impact
of early applications of genomic testing on parents’ perceptions of their children’s future
and design studies to assess them. Similarly, Fanos’ description of an earlier group of “first
families” of genetics attunes us to the generations of patients and parents who have already
lived through decades of prognostic uncertainty [18], whose previously documented expe-
riences can be mined for important insights. Lastly, pediatric oncology can provide us with
models for how to study prognostic communication to work toward the development of
communication tools and timelines. Integrating and extending these types of research can
equip us to do our best for our patients and their families as modern technology enables
more and earlier genetic diagnoses.

Moving forward, it will be critical to design studies aimed at assessing the longitudinal
impact of prognostic information across the lifespan. Studies assessing how parents and
patients report ascertaining prognostic messages beyond the initial diagnosis will establish
the timing and sources of prognostic messages that influence families’ understandings
and perceptions of prognosis. Interviewing patients who have received prognostic genetic
information or clinicians who have delivered this information at different time points
would add perspective. Longitudinal research is also necessary to assess patient and
parent experiences at different time points in relation to either the timing of diagnosis or
the proband’s age or life stage. Importantly, these studies must extend beyond pediatric
populations to enroll affected adults of different ages and bereaved family members of
affected individuals who passed away from their diagnoses. Collectively, such work can
provide the field of genomic medicine with a nuanced view of the longitudinal impact of
prognoses that inevitably evolve over a lifetime.
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Whether counseling new parents of an infant in the NICU, caring for an adult navigat-
ing prognostic uncertainty alongside life decisions, or addressing a child and parents facing
an adult-onset genomic finding coincident with a cancer diagnosis, we must communicate
about genetic diagnoses with an eye towards managing prognosis across the lifespan.
Attending to the longitudinal experiences of affected adults and parents of affected children
can help to move the field beyond prognostic utility to establish how prognoses may shape
imagined futures and how prognostic imagination inflects hopes, fears, decisions, and
plans [25]. In doing so, clinicians and researchers can learn how best to communicate
with families as individuals age and prognoses evolve. Furthermore, such work can pro-
vide insights that aid in assessing the potential benefits, harms, and communicational
challenges associated with the application of sequencing as a screening tool in apparently
healthy fetuses and newborns. Understanding the impact of early prognostic information
takes a lifetime and therefore requires novel integrative approaches to keep pace with
the burgeoning applications of genomics in pediatric medicine. Rapid sequencing has
long-lasting consequences.

Author Contributions: Conceptualization: R.M., B.M.L. and K.P.C.; writing—original drafted sec-
tions: R.M., B.M.L. and K.P.C.; writing—original draft preparation: R.M.; writing—review and
editing: R.M., B.M.L. and K.P.C.; funding acquisition: R.M., B.M.L. and K.P.C. All authors have read
and agreed to the published version of the manuscript.

Funding: This research was funded by National Human Genome Research Institute, T32 training
grant number HG009496, by the National Heart, Lung, and Blood Institute (T32-HL125195), and by
the Rally Foundation for Childhood Cancer Research.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created to write this essay.

Acknowledgments: The authors thank the attendees of our associated conference talk at the Ameri-
can Society for Bioethics and Humanities in Portland, Oregon, in October of 2022 for their engagement,
enthusiasm, and critical feedback. R.M. thanks Steven Joffe and Justin Clapp for their assistance in
developing key concepts for an associated project.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Khoury, M.J.; Iademarco, M.F.; Riley, W.T. Precision Public Health for the Era of Precision Medicine. Am. J. Prev. Med. 2016,

50, 398–401. [CrossRef]
2. Callahan, K.P.; Mueller, R.; Flibotte, J.; Largent, E.A.; Feudtner, C. Measures of Utility Among Studies of Genomic Medicine for

Critically Ill Infants: A Systematic Review. JAMA Netw. Open 2022, 5, e2225980. [CrossRef]
3. Smith, H.S.; Morain, S.R.; Robinson, J.O.; Canfield, I.; Malek, J.; Rubanovich, C.K.; Bloss, C.S.; Ackerman, S.L.; Biesecker, B.;

Brothers, K.B.; et al. Perceived Utility of Genomic Sequencing: Qualitative Analysis and Synthesis of a Conceptual Model to
Inform Patient-Centered Instrument Development. Patient 2022, 15, 317–328. [CrossRef]

4. Barnes, S.; Gardiner, C.; Gott, M.; Payne, S.; Chady, B.; Small, N.; Seamark, D.; Halpin, D. Enhancing Patient-Professional
Communication About End-of-Life Issues in Life-Limiting Conditions: A Critical Review of the Literature. J. Pain Symptom
Manag. 2012, 44, 866–879. [CrossRef]

5. Bernacki, R.E.; Block, S.D.; American College of Physicians High Value Care Task Force. Communication About Serious Illness
Care Goals: A Review and Synthesis of Best Practices. JAMA Intern. Med. 2014, 174, 1994–2003. [CrossRef]

6. Bayefsky, M.J.; Berkman, B.E. Implementing Expanded Prenatal Genetic Testing: Should Parents Have Access to Any and All
Fetal Genetic Information? Am. J. Bioeth. 2022, 22, 4–22. [CrossRef]

7. Callahan, K.P.; Flibotte, J.; Skraban, C.; Wild, K.T.; Joffe, S.; Munson, D.; Feudtner, C. Influence of Genetic Information on
Neonatologists’ Decisions: A Psychological Experiment. Pediatrics 2022, 149, e2021052130. [CrossRef]

8. Deem, M.J. Whole-Genome Sequencing and Disability in the NICU: Exploring Practical and Ethical Challenges. Pediatrics 2016,
137, S47–S55. [CrossRef]

9. Brazelton, T.B.; Cramer, B.G. The Earliest Relationship: Parents, Infants and the Drama of Early Attachment; Routledge: London,
UK, 2019. [CrossRef]

10. Haward, M.F.; Lantos, J.; Janvier, A.; POST Group. Helping Parents Cope in the NICU. Pediatrics 2020, 145, e20193567. [CrossRef]

http://doi.org/10.1016/j.amepre.2015.08.031
http://doi.org/10.1001/jamanetworkopen.2022.25980
http://doi.org/10.1007/s40271-021-00558-4
http://doi.org/10.1016/j.jpainsymman.2011.11.009
http://doi.org/10.1001/jamainternmed.2014.5271
http://doi.org/10.1080/15265161.2020.1867933
http://doi.org/10.1542/peds.2021-052130
http://doi.org/10.1542/peds.2015-3731I
http://doi.org/10.4324/9780429481512
http://doi.org/10.1542/peds.2019-3567


Children 2023, 10, 664 8 of 9

11. Dar-Nimrod, I.; Heine, S.J. Genetic essentialism: On the deceptive determinism of DNA. Psychol. Bull. 2011, 137, 800–818.
[CrossRef]

12. Rubanovich, C.K.; Cheung, C.; Torkamani, A.; Bloss, C.S. Physician Communication of Genomic Results in a Diagnostic Odyssey
Case Series. Pediatrics 2019, 143, S44–S53. [CrossRef]

13. Berrios, C.; Koertje, C.; Noel-MacDonnell, J.; Soden, S.; Lantos, J. Parents of newborns in the NICU enrolled in genome sequencing
research: Hopeful, but not naïve. Genet. Med. 2019, 22, 416–422. [CrossRef]

14. Callahan, K.P.; Adams, R. Contextualizing Future Health: A Parent and Resident Discuss Down Syndrome. Pediatrics 2020,
145, e20191403. [CrossRef]

15. Janvier, A.; Barrington, K.; Lantos, J. Next generation sequencing in neonatology: What does it mean for the next generation?
Hum. Genet. 2022, 141, 1027–1034. [CrossRef]

16. Han, P.K.J.; Umstead, K.L.; Bernhardt, B.A.; Green, R.C.; Joffe, S.; Koenig, B.; Krantz, I.; Waterston, L.B.; Biesecker, L.G.; Biesecker,
B.B. A taxonomy of medical uncertainties in clinical genome sequencing. Genet. Med. 2017, 19, 918–925. [CrossRef]

17. Botkin, J.R.; Belmont, J.W.; Berg, J.S.; Berkman, B.E.; Bombard, Y.; Holm, I.A.; Levy, H.P.; Ormond, K.E.; Saal, H.M.; Spinner,
N.B.; et al. Points to Consider: Ethical, Legal, and Psychosocial Implications of Genetic Testing in Children and Adolescents. Am.
J. Hum. Genet. 2015, 97, 6–21. [CrossRef]

18. Fanos, J.H. New “first families”: The psychosocial impact of new genetic technologies. Genet. Med. 2012, 14, 189–190. [CrossRef]
19. Buchbinder, M.; Timmermans, S. Newborn Screening for Metabolic Disorders: Parental Perceptions of the Initial Communication

of Results. Clin. Pediatr. 2012, 51, 739–744. [CrossRef]
20. Hayeems, R.Z.; Babul-Hirji, R.; Hoang, N.; Weksberg, R.; Shuman, C. Parents’ Experience with Pediatric Microarray: Transferrable

Lessons in the Era of Genomic Counseling. J. Genet. Couns. 2016, 25, 298–304. [CrossRef]
21. Lippman, A.; Wilfond, B.S. Twice-told tales: Stories about genetic disorders. Am. J. Hum. Genet. 1992, 51, 936–937.
22. Kafer, A. Feminist, Queer, Crip; Indiana University Press: Bloomington, IN, USA, 2013.
23. Beta Thalassemia Podcast. DNA Today. 2022. Available online: http://dnapodcast.com/episodes/2022/1/7/166-beta-

thalassemia-with-radhika-sawh (accessed on 28 January 2023).
24. Jain, S.L. Malignant: How Cancer Becomes Us. University of California Press: Berkeley, CA, USA, 2013.
25. Mueller, R. Prognostic Imagination: Genetic counseling amidst therapeutic innovation and evolving futures. J. Genet. Couns. 2022.

Online ahead of print. [CrossRef]
26. Erby, L.H.; Rushton, C.; Geller, G. “My Son Is Still Walking”: Stages of Receptivity to Discussions of Advance Care Planning

Among Parents of Sons with Duchenne Muscular Dystrophy. Semin. Pediatr. Neurol. 2006, 13, 132–140. [CrossRef]
27. Farber, J.G.; Prieur, M.G.; Roach, C.; Shay, R.; Walter, M.; Borowitz, D.; Dellon, E.P. Difficult conversations: Discussing prognosis

with children with cystic fibrosis. Pediatr. Pulmonol. 2018, 53, 592–598. [CrossRef]
28. Fernandes, I.A.M.; Menezes, R.O.A.; Rego, G. Communicating the Spinal Muscular Atrophy diagnosis to children and the

principle of autonomy. BMC Pediatr. 2022, 22, 489. [CrossRef]
29. Keogh, R.H.; Bilton, D.; Cosgriff, R.; Kavanagh, D.; Rayner, O.; Sedgwick, P.M. Results from an online survey of adults with cystic

fibrosis: Accessing and using life expectancy information. PLoS ONE 2019, 14, e0213639. [CrossRef]
30. Pecker, L.H.; Roth, M.; Landman, S.; Silver, E.J.; Manwani, D. Communicating Prognosis in Sickle Cell Disease: A Qualitative

Study of Adolescents with Sickle Cell Disease, Their Parents and Providers. Ann. Pediatr. Child Health 2015, 6. Available
online: https://www.jscimedcentral.com/jounal-article-info/Annals-of-Pediatrics-and-Child-Health/Communicating-
Prognosis--in-Sickle-Cell-Disease%3A--A-Qualitative-Study-of--Adolescents-with-Sickle-Cell--Disease%2C-Their-Parents-
and--Providers-7184 (accessed on 19 February 2023).

31. Pecker, L.H.; Silver, E.J.; Roth, M.; Manwani, D. Pediatric Hematologists Report Infrequent Prognosis Discussions in the Routine
Care of Children with Sickle Cell Disease. J. Health Care Poor Underserved 2020, 31, 398–423. [CrossRef]

32. Navon, D. Genetic Counseling, Activism and ‘Genotype-First’ Diagnosis of Developmental Disorders. J. Genet. Couns. 2012, 21,
770–776. [CrossRef]

33. Scotet, V.; L’Hostis, C.; Férec, C. The Changing Epidemiology of Cystic Fibrosis: Incidence, Survival and Impact of the CFTR
Gene Discovery. Genes 2020, 11, 589. [CrossRef]

34. Basile, M.; Andrews, J.; Wang, J.; Hadjiliadis, D.; Henthorne, K.; Fields, S.; Kozikowski, A.; Huamantla, J.; Hajizadeh, N. Using
qualitative methods to inform the design of a decision aid for people with advanced cystic fibrosis: The InformedChoices CF
patient decision aid. Patient Educ. Couns. 2019, 102, 1985–1990. [CrossRef]

35. Dellon, E.P.; Chen, E.; Goggin, J.; Homa, K.; Marshall, B.C.; Sabadosa, K.A.; Cohen, R.I. Advance care planning in cystic fibrosis:
Current practices, challenges, and opportunities. J. Cyst. Fibros. 2016, 15, 96–101. [CrossRef]

36. Dellon, E.P.; Sawicki, G.S.; Shores, M.D.; Wolfe, J.; Hanson, L.C. Physician Practices for Communicating with Patients with Cystic
Fibrosis About the Use of Noninvasive and Invasive Mechanical Ventilation. Chest 2012, 141, 1010–1017. [CrossRef]

37. Hajizadeh, N.; Zhang, M.; Akerman, M.; Kohn, N.; Mathew, A.; Hadjiliadis, D.; Wang, J.; Lesser, M.L. Survival models to support
shared decision-making about advance care planning for people with advanced stage cystic fibrosis. BMJ Open Respir. Res. 2021,
8, e000794. [CrossRef]

38. Kavalieratos, D.; Georgiopoulos, A.M.; Dhingra, L.; Basile, M.J.; Rabinowitz, E.; Hempstead, S.E.; Faro, A.; Dellon, E.P. Models
of Palliative Care Delivery for Individuals with Cystic Fibrosis: Cystic Fibrosis Foundation Evidence-Informed Consensus
Guidelines. J. Palliat. Med. 2021, 24, 18–30. [CrossRef]

http://doi.org/10.1037/a0021860
http://doi.org/10.1542/peds.2018-1099I
http://doi.org/10.1038/s41436-019-0644-5
http://doi.org/10.1542/peds.2019-1403
http://doi.org/10.1007/s00439-022-02438-9
http://doi.org/10.1038/gim.2016.212
http://doi.org/10.1016/j.ajhg.2015.05.022
http://doi.org/10.1038/gim.2011.17
http://doi.org/10.1177/0009922812446011
http://doi.org/10.1007/s10897-015-9871-3
http://dnapodcast.com/episodes/2022/1/7/166-beta-thalassemia-with-radhika-sawh
http://dnapodcast.com/episodes/2022/1/7/166-beta-thalassemia-with-radhika-sawh
http://doi.org/10.1002/jgc4.1660
http://doi.org/10.1016/j.spen.2006.06.009
http://doi.org/10.1002/ppul.23975
http://doi.org/10.1186/s12887-022-03552-3
http://doi.org/10.1371/journal.pone.0213639
https://www.jscimedcentral.com/jounal-article-info/Annals-of-Pediatrics-and-Child-Health/Communicating-Prognosis--in-Sickle-Cell-Disease%3A--A-Qualitative-Study-of--Adolescents-with-Sickle-Cell--Disease%2C-Their-Parents-and--Providers-7184
https://www.jscimedcentral.com/jounal-article-info/Annals-of-Pediatrics-and-Child-Health/Communicating-Prognosis--in-Sickle-Cell-Disease%3A--A-Qualitative-Study-of--Adolescents-with-Sickle-Cell--Disease%2C-Their-Parents-and--Providers-7184
https://www.jscimedcentral.com/jounal-article-info/Annals-of-Pediatrics-and-Child-Health/Communicating-Prognosis--in-Sickle-Cell-Disease%3A--A-Qualitative-Study-of--Adolescents-with-Sickle-Cell--Disease%2C-Their-Parents-and--Providers-7184
http://doi.org/10.1353/hpu.2020.0030
http://doi.org/10.1007/s10897-012-9515-9
http://doi.org/10.3390/genes11060589
http://doi.org/10.1016/j.pec.2019.06.007
http://doi.org/10.1016/j.jcf.2015.08.004
http://doi.org/10.1378/chest.11-1323
http://doi.org/10.1136/bmjresp-2020-000794
http://doi.org/10.1089/jpm.2020.0311


Children 2023, 10, 664 9 of 9

39. Doershuk, C.F. (Ed.) Cystic Fibrosis in the 20th Century: People, Events, and Progress; Am Publishing, Ltd.: Cleveland, OH, USA, 2002.
40. Despotes, K.A.; Donaldson, S.H. Current state of CFTR modulators for treatment of Cystic Fibrosis. Curr. Opin. Pharmacol. 2022,

65, 102239. [CrossRef]
41. McBennett, K.A.; Davis, P.B.; Konstan, M.W. Increasing life expectancy in cystic fibrosis: Advances and challenges. Pediatr.

Pulmonol. 2022, 57, S5–S12. [CrossRef]
42. Braid, A. Orkambi: A Life Sentence; Cystic Fibrosis Foundation: Bethesda, MD, USA, 2015; Available online: https://www.cff.org/

community-posts/2015-09/orkambi-life-sentence (accessed on 29 September 2022).
43. Alahmad, G. Informed Consent in Pediatric Oncology: A Systematic Review of Qualitative Literature. Cancer Control 2018, 25,

1073274818773720. [CrossRef]
44. Benedetti, D.J.; Marron, J.M. Ethical Challenges in Pediatric Oncology Care and Clinical Trials. In Ethical Challenges in Cancer

Diagnosis and Therapy, Recent Results in Cancer Research; Bauer, A.W., Hofheinz, R.-D., Utikal, J.S., Eds.; Springer International
Publishing: Cham, Switzerland, 2021; pp. 149–173. [CrossRef]

45. Sisk, B.A.; Keenan, M.A.; Blazin, L.J.; Kaye, E.; Baker, J.N.; Mack, J.W.; DuBois, J.M. “Don’t be afraid to speak up”: Communication
advice from parents and clinicians of children with cancer. Pediatr. Blood Cancer 2021, 68, e29052. [CrossRef]

46. Sisk, B.A.; Bluebond-Langner, M.; Wiener, L.; Mack, J.; Wolfe, J. Prognostic Disclosures to Children: A Historical Perspective.
Pediatrics 2016, 138, e20161278. [CrossRef]

47. Mack, J.W.; Grier, H.E. The Day One Talk. JCO 2004, 22, 563–566. [CrossRef]
48. Mack, J.W.; Wolfe, J.; Grier, H.E.; Cleary, P.D.; Weeks, J.C. Communication About Prognosis Between Parents and Physicians of

Children with Cancer: Parent Preferences and the Impact of Prognostic Information. JCO 2006, 24, 5265–5270. [CrossRef]
49. Sisk, B.A.; Kang, T.I.; Mack, J.W. Prognostic disclosures over time: Parental preferences and physician practices. Cancer 2017, 123,

4031–4038. [CrossRef]
50. Marron, J.M.; Cronin, A.M.; Kang, T.I.; Mack, J.W. Intended and unintended consequences: Ethics, communication, and prognostic

disclosure in pediatric oncology. Cancer 2018, 124, 1232–1241. [CrossRef]
51. Chassagne, A.; Pélissier, A.; Houdayer, F.; Cretin, E.; Gautier, E.; Salvi, D.; Kidri, S.; Godard, A.; Thauvin-Robinet, C.; Masurel, A.;

et al. Exome sequencing in clinical settings: Preferences and experiences of parents of children with rare diseases (SEQUAPRE
study). Eur. J. Hum. Genet. 2019, 27, 701–710. [CrossRef]

52. Ilowite, M.F.; Cronin, A.M.; Kang, T.I.; Mack, J.W. Disparities in prognosis communication among parents of children with cancer:
The impact of race and ethnicity. Cancer 2017, 123, 3995–4003. [CrossRef]

53. Lee, B.M.; Rosenberg, A.R. Don’t let perfect be the enemy of good: How to improve prognostic communication in pediatric
oncology. Cancer 2017, 123, 3879–3881. [CrossRef]

54. Sisk, B.A.; Mack, J.W.; Ashworth, R.; DuBois, J. Communication in pediatric oncology: State of the field and research agenda.
Pediatr. Blood Cancer 2018, 65, e26727. [CrossRef]

55. Porter, A.S.; Chow, E.; Woods, C.; Lemmon, M.E.; Baker, J.N.; Mack, J.W.; Kaye, E.C. Navigating prognostic communication when
children with poor-prognosis cancer experience prolonged disease stability. Pediatr. Blood Cancer 2023, 70, e29920. [CrossRef]

56. Porter, A.S.; Woods, C.; Stall, M.; Baker, J.N.; Mack, J.W.; Kaye, E.C. Mismatch between Pediatric Oncologists’ Private and
Parent-Facing Prognostic Communication: Communication Patterns Used to Soften Prognostic Disclosure. J. Palliat. Med. 2023,
26, 210–219. [CrossRef]

57. Porter, A.S.; Woods, C.; Stall, M.; Velrajan, S.; Baker, J.N.; Mack, J.W.; Kaye, E.C. Oncologist approaches to communicating
uncertain disease status in pediatric cancer: A qualitative study. BMC Cancer 2022, 22, 1–11. [CrossRef]

58. Feraco, A.M.; Brand, S.R.; Gagne, J.; Sullivan, A.; Block, S.D.; Wolfe, J. Development of the “Day 100 Talk”: Addressing existing
communication gaps during the early cancer treatment period in childhood cancer. Pediatr. Blood Cancer 2018, 65, e26972.
[CrossRef]

59. Sisk, B.A.; Dobrozsi, S.; Mack, J.W. Teamwork in prognostic communication: Addressing bottlenecks and barriers. Pediatr. Blood
Cancer 2020, 67, e28192. [CrossRef]

60. Aglio, T.; Woods, C.; Baker, J.N.; Mack, J.W.; Kaye, E.C. “Seed Planting” As an Approach for Longitudinal Prognostic Disclosure
in Pediatric Cancer: A Case Series. J. Palliat. Med. 2022, 26, 447–451. [CrossRef]

61. Snaman, J.M.; Feraco, A.M.; Wolfe, J.; Baker, J.N. “What if?”: Addressing uncertainty with families. Pediatr. Blood Cancer 2019, 66,
e27699. [CrossRef]

62. Cahaney, C.; Dhir, A.; Ghosh, T. Role of Precision Medicine in Pediatric Oncology. Pediatr. Ann. 2022, 51, e8–e14. [CrossRef]
63. Vo, K.T.; Parsons, D.W.; Seibel, N.L. Precision Medicine in Pediatric Oncology. Surg. Oncol. Clin. 2020, 29, 63–72. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.coph.2022.102239
http://doi.org/10.1002/ppul.25733
https://www.cff.org/community-posts/2015-09/orkambi-life-sentence
https://www.cff.org/community-posts/2015-09/orkambi-life-sentence
http://doi.org/10.1177/1073274818773720
http://doi.org/10.1007/978-3-030-63749-1_11
http://doi.org/10.1002/pbc.29052
http://doi.org/10.1542/peds.2016-1278
http://doi.org/10.1200/JCO.2004.04.078
http://doi.org/10.1200/JCO.2006.06.5326
http://doi.org/10.1002/cncr.30716
http://doi.org/10.1002/cncr.31194
http://doi.org/10.1038/s41431-018-0332-y
http://doi.org/10.1002/cncr.30960
http://doi.org/10.1002/cncr.30956
http://doi.org/10.1002/pbc.26727
http://doi.org/10.1002/pbc.29920
http://doi.org/10.1089/jpm.2022.0265
http://doi.org/10.1186/s12885-022-10190-6
http://doi.org/10.1002/pbc.26972
http://doi.org/10.1002/pbc.28192
http://doi.org/10.1089/jpm.2022.0219
http://doi.org/10.1002/pbc.27699
http://doi.org/10.3928/19382359-20211209-01
http://doi.org/10.1016/j.soc.2019.08.005

	Introduction 
	From Prognostic Utility to Imagined Identities in the NICU 
	From ‘Open Futures’ to Prognostic Imagination 
	Lessons in Prognostic Communication from Pediatric Oncology 
	Towards Managing Prognosis across the Lifespan 
	References

