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Genomic medicine for undiagnosed diseases
Anastasia L Wise, Teri A Manolio, George A Mensah, Josh F Peterson, Dan M Roden, Cecelia Tamburro, Marc S Williams, Eric D Green

One of the primary goals of genomic medicine is to improve diagnosis through identification of genomic conditions, 
which could improve clinical management, prevent complications, and promote health. We explore how genomic 
medicine is being used to obtain molecular diagnoses for patients with previously undiagnosed diseases in prenatal, 
paediatric, and adult clinical settings. We focus on the role of clinical genomic sequencing (exome and genome) in 
aiding patients with conditions that are undiagnosed even after extensive clinical evaluation and testing. In particular, 
we explore the impact of combining genomic and phenotypic data and integrating multiple data types to improve 
diagnoses for patients with undiagnosed diseases, and we discuss how these genomic sequencing diagnoses could 
change clinical management.

Introduction
An introduction to genomic medicine can be found in 
part 1 of this Series. In this paper, we focus on the role of 
genomic sequencing in obtaining diagnoses for patients 
with previously undiagnosed diseases, and the impli
cations of these diagnoses for clinical management.

With the cost of DNA sequencing continuing to 
decrease,1 clinical exome and genome sequencing are 
being used across diverse clinical settings, with the goal 
of increasing diagnosis rates and improving clinical 
management. More information on the clinical utility of 
exome and genome sequencing for genomic medicine 
can be found in part 5 of this Series. Exome sequencing 
includes only the proteincoding regions (or exons) of 
the genome, whereas genome sequencing includes both 
proteincoding and nonproteincoding regions of the 
genome. In this paper, we use the term clinical genomic 
sequencing to refer to the clinical use of exome or 
genome DNA sequencing. We use the term diagnosis to 
refer to an aetiological molecular diagnosis, as a step 
beyond a descriptive diagnostic name for a condition 
with an unknown cause. Other key terms are defined in 
the panel.

Establishing a diagnosis for patients with complex 
phenotypes (or combinations of phenotypes) that have 
defied conventional medical evaluation is a rapidly 
emerging area of genomic medicine. Initial successes 
were reported from the National Institutes of Health 
Undiagnosed Diseases Program2 and more recently from 
the Undiagnosed Diseases Network;3 in turn, the global 
Undiagnosed Diseases Network International effort was 
established, which includes programmes in 16 countries.4 
A common element of these programmes is the use of 
genomics as an important component of the diagnostic 
process. The International Rare Diseases Research 
Consortium has also recognised the importance of 
diagnosis in their global rare disease goals for 2017–27: 
“All patients coming to medical attention with a suspected 
rare disease will be diagnosed within one year if their 
disorder is known in the medical literature; all currently 
undiagnosable individuals will enter a globally coordinated 

diagnostic and research pipeline.”5 In this paper, we 
consider a patient to have an undiagnosed disease if they 
have received an appropriate, extensive clinical evaluation 
on the basis of their presenting signs and symptoms, yet 
remain without an aetiological diagnosis. Such individ
uals might also have received targeted genetic testing 
or lowresolution chromosomal copy number analyses 
(eg, chromosomal microarray) on the basis of their clinical 
presentation, or have a suspected diagnosis, or both, but 
no genomicbased diagnosis of disease has been made.

Many patients with undiagnosed diseases are even
tually found to have rare diseases. In the USA, the 
Orphan Drug Act of 1983 and the Rare Disease Act of 
2002 define rare diseases as conditions that affect fewer 
than 200 000 people in the country.6,7 Although each rare 
disease affects few people, the large number of rare 
diseases (estimated to be around 7000) means that 
altogether they affect 25–30 million people in the USA, 
or approximately one in ten Americans.8 Based on 
patient surveys,9 reaching a diagnosis for patients with 
rare diseases takes an average of 7·6 years in the USA 
and 5·6 years in the UK. Patients can spend several 
years without a diagnosis, as reflected in paediatric 
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Panel: Definitions of key terms

• Exome sequencing: sequencing of the protein-coding regions (or exons) of the genome 
• Genome sequencing: sequencing of both the protein-coding and non-protein-coding 

regions of the genome
• Clinical genomic sequencing: clinical use of exome or genome DNA sequencing
• Monogenic inheritance: a single gene is causative of a disease (or other trait) 
• Oligogenic inheritance: variants in more than one gene affect a disease (or other trait) 
• Polygenic risk score: the cumulative risk of many genetic variants that all have a small 

effect on disease risk, calculated using a weighted sum
• Allelic heterogeneity: different variants in the same gene lead to variable phenotypes 

and a spectrum of disease severity
• Clinical utility: results can be used to inform clinical decisions and management
• Personal utility: results have benefits to an individual or family beyond clinical care
• Proband: the individual being studied, or the starting point for genetic study of a family
• Trio sequencing: sequencing of an individual and their parents
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applications to the National Institutes of Health 
Undiagnosed Diseases Program, which peak at two age 
ranges: 4–6 years and 16–18 years. Those applying at 
4–6 years of age tend to have had congenital onset of 
disease, and those applying at 16–18 years tend to have 
had onset of symptoms at early school age.10 Living with 
an undiagnosed disease is a considerable burden for 
patients and their families. Patients visit an average of 
four primary care physicians and four specialists before 
reaching their diagnosis, repeat testing with an average 
of two to three misdiagnoses, have difficulty locating 
specialists, receive conflicting treatment guidance, and 
have difficulty coordinating care among clinicians.9 
Once a diagnosis is found, adult patients with rare 
diseases report lower healthrelated quality of life 
compared with the general population and patients with 
common chronic diseases.11 Although some parents of 
undiagnosed children have been shown to be tolerant of 
uncertainty (remaining actively engaged in health care 
and having confidence in performing coping behaviours 
when faced with life challenges), 35–40% also experience 
anxiety and depression.12

Genomic sequencing has the potential to reduce the 
time to diagnosis for patients with undiagnosed diseases. 
At present, less than half of patients who present to 
medical genetics specialists and who are suspected of 
having a genetic disorder are diagnosed using traditional 
genetic diagnostic evaluations, comprehensive clinical 
evaluations, targeted genetic testing, and chromosomal 
copy number analyses.13 Therefore, approaches for im
proving diagnostic rates are still needed. In this paper, we 

will explore the potential of combining genomic and 
phenotypic data and integrating multiple data types to 
improve diagnoses in undiagnosed patients, and discuss 
how these genomicsequencing diagnoses could change 
clinical management. The figure presents a vision for 
implementing genomic medicine for patients with 
undiagnosed diseases.

Combining genomic and phenotypic data
A considerable barrier to reaching a diagnosis in 
undiagnosed patients is the variable quality and quantity 
of phenotypic data that are available to the clinical 
sequencing laboratory that is searching for a causative 
genomic variant. Laboratories performing clinical 
genomic sequencing use phenotype data to interpret 
sequence variants they encounter, to determine patho
genicity and the prioritisation of variants in their clinical 
reports. However, many laboratories report receiving 
limited and highly variable phenotypic information from 
the refer ring provider (table 1). In addition, data sharing 
could improve diagnosis, but it cannot be done unless 
phenotypic data are collected in a structured and readily 
shareable manner. One clinical diagnostic laboratory 
reports receiving phenotype information in multiple 
formats, including International Classification of 
Diseases (ninth revision) codes, a phenotype checklist 
on a genomic sequencing submission form, a clinical 
summary, multiple clinical notes, and laboratory test 
results.17 Another laboratory reports receiving case sum
maries between two and five pages in length in free 
text.16 Although many groups generate standardised 
Human Phenotype Ontology (HPO)25 terms to capture 
the primary clinical indication, and sometimes other 
symptoms, only a few use computer applications to 
produce HPO terms, rather than relying on manual 
curation (table 1).22,24 Available tools include a webbased 
application called Phenomizer that ranks diseases using 
signs and symptoms, producing a phenotypedriven 
differential diagnosis.26 BioLark27 is a concept recognition 
tool used to produce HPO terms from clinical notes. 
Phenolyzer28 uses phenotypes combined with prior 
biological knowledge to implicate genes and disease
associated genomic variants. Fang and colleagues29 
studied a family with multiple conditions, including 
Prader–Willi syndrome, hereditary haemo chromatosis, 
dysautonomialike symptoms, Tourette’s syndrome, and 
other conditions, for whom 21 HPO candidate terms 
were identified. Fang and colleagues analysed subsets of 
these HPO terms with Phenolyzer (between one and six 
terms each time) and found that the more terms that 
were used, the higher the chance that a known variant 
would be correctly prioritised as high confidence by 
Phenolyzer.29 This increase in confidence highlights the 
need for more complete and systematic collection of 
structured phenotype information, such as HPO terms, 
along with improved tools for collecting phenotype 
data rapidly and in an automated manner, to facilitate 

For the Phenomizer application 
see http://compbio.charite.de/

phenomizer

Figure: A vision for implementing genomic medicine for patients with undiagnosed diseases
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interpretation of genomic sequencing for undiagnosed 
diseases.

The combination of genomic approaches with 
structured phenotypic information has already been 
adopted to accelerate the diagnostic process in neonatal 
medicine for critically ill infants. Accurate phenotyping 
is particularly important to support rapid diagnoses in a 
neonatal intensive care unit (ICU) setting to reduce 
infant morbidity and mortality.30 Natural language
processing and machinelearning algorithms have been 
adopted to extract structured phenotypes from elec
tronic health records.30 Combining detailed genomic 
sequencing and structured phenotypic data can help 
clinicians to direct their diagnostic searches towards 
suspected genes and diseases (many of which can 
be predefined on the basis of previous experience), 
allowing more rapid diagnoses that can change clinical 
management. By extracting phenotypes directly from the 
medical records of infants in the neonatal ICU using a 
computer program, Farnaes and colleagues30 showed that 
detailed phenotypic data could enhance the interpretation 
of genome sequences, leading to provisional diagnoses 
within 26–48 h of receiving a blood sample. Such 
computational approaches can provide more complete 
phenotypes as structured data. When coupled with lists 
of differential diagnosis genes that are tied to commonly 
encountered patterns of phenotypes, these structured 
phenotype data allow computersimulated gene panels to 
be created, which could speed up genomic sequence 
interpretation in clinical settings. Of note, an automated 

approach could miss some novel findings that would 
be identified by more traditional clinical genomic 
sequencing approaches. However, implemented as a 
sequential process, automation could allow for rapid 
diagnosis of sick neonates who have a disorder that is 
familiar to neonatologists, whereas neonates for whom a 
diagnosis is not apparent could be entered into a more 
timeintensive clinical discovery process (eg, extensive 
review of the the patient’s genomic sequence for novel 
variants). Sharing of structured phenotype data also 
enables disease mechanisms to be studied by combining 
genomic data and standardised phenotype terms. Köhler 
and colleagues25 evaluated the use of multiple HPO 
terms to describe complex clinical disease phenotypes 
in a structured manner, allowing for the identification 
of novel genomic variants associated with specific 
phenotypes. HPO terms can also be used to align human 
clinical phenotypes to model organism phenotypes to aid 
understanding of disease mechanisms.25

For some patients with undiagnosed diseases, 
deter mining a priori which phenotypes have a genetic 
basis can be difficult. A patient’s clinical presentation 
might reflect two or more diagnoses, yielding a blended 
pheno type that does not fit exactly with a single 
condition.3,14,19,20,31 Multiple diagnoses were encountered 
in 3–7% of diagnosed patients in five studies of patients 
who were unselected for phenotype.14,17,19,20,31 Although 
the various genes implicated in these diagnoses might 
be related to distinct phenotypes seen in the patient 
that combine to account for some or all of a patient’s 

Number of 
patients

Age group Type of sequencing Individuals studied Phenotyping method

Splinter et al (2018)3 382 Paediatric and adult Exome and genome Families when available Cross-disciplinary team selected HPO terms

Yang et al (2014)14 2000 Prenatal to adult Exome Proband, with Sanger sequencing 
confirmation of parent when available

Clinical data provided by referring physician

Lee et al (2014)15 814 Paediatric and adult Exome Proband, trio, and other family members Referring physician reported primary clinical indication and 
differential diagnosis 

Bick et al (2017)16 22 Paediatric Genome Proband with Sanger sequencing 
confirmation of parent when available

Referring physician case summary

Retterer et al (2016)17 3040 Paediatric and adult Exome Proband and up to four family members 
when available

Referring physician provided primary clinical diagnosis and 
ICD-9 code, used to select HPO terms

Stark et al (2016)18 80 Infant Exome Proband Diagnostic investigations from referring clinicians and 
medical records, HPO terms collected at enrolment

Stavropoulos et al (2016)19 100 Paediatric Genome Proband Phenotype collection after clinical geneticist examination, 
using HPO terms

Posey et al (2016)20 486 Adult Exome Proband with Sanger sequencing 
confirmation of parent when available

Available clinical information used to generate HPO terms

Farwell et al (2015)21 500 Prenatal to adult Exome Trios when available Clinical and test history from referring provider summarised 
by molecular geneticist or genetic counsellor

Normand et al (2018)22 146 Prenatal Exome Proband or trio Fetal phenotype converted to HPO categories using 
Phenomizer programme

Trujillano et al (2017)23 1000 Prenatal to adult Exome Trios when available Referring provider clinical data used to generate HPO terms

Meng et al (2017)24 278 Infant Exome Proband or trio Bio-Lark software and manual review of clinical notes used 
to generate HPO terms

HPO=Human Phenotype Ontology. ICD-9=International Classification of Diseases (ninth revision).

Table 1: Genomic sequencing and phenotyping methods from studies of undiagnosed patients, unselected for a specific phenotype
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clinical findings, related or overlapping phenotypes 
might also be caused by genes interacting in the 
same pathway. Analyses often assume a monogenic 
inheritance model, in which a single gene causes the 
disease; however, an undiagnosed disease might be 
caused by oligogenic inheritance, in which variants in 
more than one gene influence the disease. Many 
common variants are also associated with rare diseases, 
as has been shown for rare severe neurodevelopmental 
disorders using polygenic risk scores.32 A polygenic risk 
score calculates the cumulative risk of many genetic 
variants that all have a small effect on disease risk by 
using a weighted sum. Additionally, novel diagnoses 
might come from newly described findings, or additions 
to the list of phenotypes associated with a known 
disease, which can arise if a patient does not present 
with the phenotype expected for a known disease.33,34 
Deep phenotyping is a process that systematically 
catalogues signs and symptoms of disease, rather than 
focusing on a single primary diagnosis, which might 
assist with disentangling the genetic contributions of 
undiagnosed diseases.

If clinical genomic sequencing is done in a prenatal 
setting, phenotyping can be challenging because fewer 
characteristics can be assessed. Prenatal imaging, 
including fetal CT scanning, echo cardiography, MRI, and 
ultrasonography, can be used to detect some prenatal 
phenotypes and confirm suspected diagnoses. Current 
practice guidelines recommend chromosomal microarray 
analysis and karyotyping for fetal anomalies that are 
detected by fetal imaging. These processes can identify 
aneuploidy (an abnormal number of chromosomes), 
chromosomal rearrangements, or copy number variants 
(deletions and duplications), which are responsible for 
these detected anomalies in 30–40% of pregnancies.22,35,36 
However, approximately 60% of fetuses with detected 
anomalies remain undiagnosed,22 and might benefit 
from rapid prenatal clinical genomic sequencing. 
Normand and colleagues22 showed a 35% diagnosis rate 
(22 of 62 fetuses with at least one structural anomaly 
detected by fetal imaging) using prenatal exome se
quencing of parent–fetus trios for ongoing pregnancies. 
In most families, a microarray or karyotype had been 
performed (according to current practice guidelines) 
before trio sequencing, but this had not yielded a 
diagnosis. Increasing knowledge of pre natal phenotypes 
and structured phenotype sharing will improve our ability 
to link genomic variation to these earlyonset conditions.

Phenotypes can change over time or present with 
varying intensity. For example, some conditions exhibit 
allelic heterogeneity, in which different variants of the 
same gene lead to variable phenotypes and a spectrum 
of disease severity. Lysosomal storage disorders (eg, 
Fabry, Gaucher, and Pompe diseases) exhibit allelic 
heterogeneity, leading to variable age of onset from the 
newborn period through childhood and into adulthood, 
highlighting that conditions cannot always be easily 

classified as newborn, childhood, or adult onset. This 
demonstrates the importance of linking longitudinal 
phenotypic and genotypic data. In addition to collecting 
phenotypic data when the patient first presents to the 
clinic, further phenotyping based on the results of 
genomic sequence data could improve our under
standing of how conditions progress during the prenatal 
to paediatric and adult periods. Such data could also 
show whether a variant explains all of a phenotype, or if 
other variants are likely to contribute, helping to achieve 
diagnoses and connecting these diagnoses to therapeutic 
strategies across the lifespan. Uptodate information 
will be critical, requiring that databases of phenotypic 
and genetic variant information are updated regularly 
and shared broadly.

Improving diagnoses by integrating multiple 
data types
Genomic sequencing data can be integrated with 
additional data types (such as model organism data, 
metabolome data, and transcriptome data) to improve 
diagnoses (figure). In the first 20 months of the 
Undiagnosed Diseases Network study,3 combining 
clinical exome and genome sequencing data with 
functional information from Drosophila and zebrafish 
animal models led to diagnoses in eight of 132 patients. 
Metabolomics data contributed to diagnoses in three 
of 132 diagnoses.3 Clinical assessment by a medical 
geneticist to obtain additional targeted phenotypic and 
molecular data, on the basis of a patient’s genomic 
sequence data, has been shown to lead to more accurate 
diagnoses and a net increase in diagnoses from 
56 (36%) of 155 to 67 (43%) of 155 cases (16 diagnoses 
were promoted to definitive and five were demoted from 
definitive to possible or unlikely).37 The combination of 
transcriptome (RNA sequencing) data with genomic 
sequencing information has also improved diagnostic 
yield, including in cases where the diseasespecific 
tissue is inaccessible, resulting in the use of more 
accessible cell sources, such as fibroblasts or peripheral 
blood mononuclear cells.38–40 The sequencing of RNA in 
muscle biopsies from 50 undiagnosed patients with 
muscle disease yielded 17 new diagnoses in families for 
whom prior DNA sequencing had yielded no genomic 
diagnosis.38 Additionally, sequencing of RNA from 
peripheral blood mononuclear cells supported the first 
longread genomicsequencing diagnosis of a novel 
pathogenic deletion in PRKAR1A in a patient with 
Carney complex.40 The Carney complex variation in 
PRKAR1A leads to degradation of a subunit of protein 
kinase A, thereby triggering increased activation, leading 
to uncontrolled cell growth and an increased risk of 
benign tumors.40 The sequencing of fibroblast RNA 
additionally provided support for the pathogenicity of a 
novel, de novo, heterozygous IGF2 splicesite variant in 
an Australian Aboriginal patient, leading to a diagnosis of 
SilverRussell syndrome (a syndrome characterised by 
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For the Matchmaker Exchange 
project see https://www.
matchmakerexchange.org

poor growth before and after birth).39 This finding 
represents the first Australian Aboriginal family known to 
be diagnosed with IGF2related SilverRussell syndrome 
and highlights the importance of genomic testing in 
diverse populations to identify phenotypic features in 
populations with different ethnic backgrounds.

For rare disease diagnoses, data sharing is crucial to 
identify additional patients with the same or similar 
phenotypes. Data sharing can strengthen the evidence 
that a variant in a gene is associated with a particular 
disease, especially when a gene has not previously 
been associated with any human disease. Matchmaker 
Exchange is an example of a federated datasharing 
model that is designed to allow patients, clinicians, and 
researchers to share information.41 With seven databases 
sharing data, Matchmaker Exchange matches patients on 
the basis of genes and phenotypes. Patients can access 
Matchmaker Exchange through the GeneMatcher and 
MyGene2 websites, and all of the participating databases 
support data entry and matching by clinicians and 
researchers. Sharing phenotypic and genomic data has 
also been crucial to the success of multiple global 
initiatives to diagnose previously undiagnosed patients 
in the Undiagnosed Disease Network International.3,4,42–45 
Gainotti and colleagues45 highlighted the importance of 
patient and family participation in undiagnosed disease 
research. For instance, patients can describe their own 
phenotype, choose how much information they share in 
matchmaking databases, and express preferences for 
which genomic results they would like to be returned to 
them.45 Such active participation in data sharing drives 
patient matching and clinical diagnosis, and allows for 
more research into the aetiology of these previously 
undiagnosed conditions. Databases such as the Genome 
Aggregation Database, which shares standardised 
information about allele frequencies seen in the general 
population, and ClinVar, which shares relationships 
between variants and phenotypes, are also important 
resources for determining if a suspected genomic variant 
is seen in the general population and for reporting 
potential new variantphenotype relationships.

Changing clinical management
The aim of collecting phenotypic information and clinical 
genomic sequencing is to diagnose patients and change 
clinical management. Diagnostic rates for clinical 
genomic sequencing vary considerably in different 
patient populations (table 2); however, multiple studies 
have shown overall diagnostic rates of 25–35% for 
paediatric and adult undiagnosed diseases.3,14–17,19,21–24 In 
general, diagnostic rates tend to be higher in children 
and lower in adults. With use of probandonly exome 
sequencing, Stark and colleagues18 reported a diagnostic 
rate of 46 (58%) of 80 patients, one of the highest 
diagnostic rates in infants suspected of monogenic 
disorders. By contrast, Posey and colleagues20 reported 
one of the lowest diagnostic rates in adults, with 85 (18%) 

of 486 patients diagnosed. The diagnostic rate in adults 
older than 30 years (24 [10%] of 231 patients) was lower 
than in adults aged 18–30 years (61 [24%] of 285). This 
difference could be partly caused by the lower availability 
of parental samples for analysis in older adults, which 
limits the ability to detect de novo variants (ie, variants 
not inherited from either parent) as part of the clinical 
report.20 Environmental effects might also have a greater 

Diagnostic rate, n/N (%)

Splinter et al (2018)3

Paediatric and adult 132/382 (35%)

Yang et al (2014)14

Fetus 6/11 (55%)

<5 years 247/900 (27%)

5–18 years 210/845 (25%)

>18 years 41/244 (17%)

All ages 504/2000 (25%)

Lee et al (2014)15

Paediatric and adult 213/814 (26%)

Bick et al (2017)16

Paediatric 8/22 (36%)

Retterer et al (2016)17

Paediatric and adult 876/3040 (29%)

Stark et al (2016)18

0–2 years 46/80 (58%)

Stavropoulos et al (2016)19

<1 month to 18 years 34/100 (34%)

Posey et al (2016)20

Adult 85/486 (18%)

Farwell et al (2015)21

Prenatal 2/2 (100%)

≤3 months 6/12 (50%)

>3 months to ≤1 year 7/36 (19%)

>1 to ≤5 years 67/194 (35%)

>5 to ≤12 years 30/117 (26%)

>12 to ≤18 years 19/58 (33%)

>18 to ≤40 years 14/45 (31%)

>40 years 5/36 (14%)

All ages 152/500 (30%)

Normand et al (2018)22

Prenatal 46/146 (32%)

Trujillano et al (2017)23

Prenatal 4/23 (17%)

<1 year 42/141 (30%)

>1 to ≤5 years 128/394 (32%)

>5 to ≤15 years 73/285 (26%)

>15 to ≤30 years 23/81 (28%)

>30 years 10/38 (26%)

Unknown age 27/38 (71%)

All ages 307/1000 (31%)

Meng et al (2017)24

Infant (<100 days) 102/278 (37%)

Table 2: Examples of diagnostic rates across different ages

For GeneMatcher see 
https://genematcher.org

For MyGene2 see https://www.
mygene2.org

For the Genome Aggregation 
Database see http://gnomad.
broadinstitute.org

For ClinVar see https://www.
ncbi.nlm.nih.gov/clinvar

https://www.matchmakerexchange.org
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effect on adult conditions, leading to a larger proportion 
of nongenetic variation contributing to the phenotype, 
which makes causative genetic variants more difficult to 
identify. Recurrent molecular diagnoses of different 
variants in the same gene were seen in nine (11%) of 
85 adult patients, compared with 266 (57%) of 
463 paediatric patients (p<0·0001) suggesting that adult 
disorders might have greater genomic diversity.14,20 
Additionally, phenotypes seen in infants might be more 
severe than those seen in adults because patients with 
severe disease will be less likely to survive to adulthood.

A single category of phenotypes, as defined by HPO 
terms, can exhibit variability in diagnostic rate.14,15,17,18,20–24 
Neurological phenotypes are one of the most frequent 
primary indications for referral, with diagnostic rates of 
27% to 42% in six studies.14,17,21–24 Additionally, diagnostic 
rates vary by phenotype.14,15,17,18,20–24 Eight studies reported 
eight different phenotypes as yielding the highest diag
nostic rate: hearing abnormalities (55%),17 craniofacial 
abnormalities (46%),22 abnormalities of blood (65%),24 
retinal disorders (48%),15 obstetric organ system involve
ment (43%),21 abnormality of connective tissue (44%),23 
neurometabolic disorder (74%),18 and neurodev elop men
tal abnormalities (28%).20 When comparing diagnosis 
statistics between different phenotypes and studies, the 
groups being compared must be considered carefully. For 
instance, Trujillano and colleagues23 studied 1000 families, 
including 771 (77%) with neurological abnormalities, of 
which 229 received a diagnosis. Thus, whereas only 
229 (30%) of 771 families with neurological abnormalities 
received a diagnosis, 229 (75%) of 307 families diagnosed 
had neurological abnormalities.23

Changes in clinical management have been reported for 
33–94% of patients who receive a diagnosis, including 
changes in therapy (table 3).3,16–19,22,24 In the prenatal setting, 
having a diagnosis before birth provides the opportunity 
for direct intervention, including surgical procedures 
before or immediately after birth. For example, Deprest 
and colleagues46 noted that rapid clinical genomic 
sequencing could provide diagnostic infor mation on 
whether congenital diaphragmatic hernia is isolated or 

associated with other fetal abnormalities, which informs 
the decision as to whether fetal endoluminal tracheal 
occlusion would be beneficial as a prenatal intervention or 
not.46 Abnormal genomic findings are usually used as 
exclusion criteria for fetal endoluminal tracheal occlusion 
trials because of a worse prognosis. Diagnostic information 
also helps families to prepare for when and where delivery 
will occur and provides insight into conditionspecific care 
challenges. Normand and colleagues22 reported that 
prenatal detection of a pathogenic COL1A1 variant gave the 
parents time to learn about osteogenesis imperfecta, a 
condition characterised by bones that break easily, and to 
connect with other families about strategies to prevent 
such breaks.22 Delivery strategies that minimise trauma 
can also be used. Diagnostic information might be useful 
for family planning and could have a positive psychosocial 
impact on parents.22 If an inevitably fatal condition is 
identified, unnecessary and futile intensive care can be 
avoided, and palliative care can be planned that reduces 
suffering and financial stress. Rapid genomic sequencing 
of critically ill infants in the neonatal ICU has been 
shown by multiple groups to change clinical management, 
ranging from 33% to 72% in three studies.18,24,30 Of note, 
some of the management changes are to palliative care 
(19 [36%] of 53 management changes reported by Meng 
and colleagues24 and 1 [6%] of 18 changes reported by 
Farnaes and colleagues30); however, even this type of 
change can have both personal and clinical utility because 
it ends the often longterm search for a diagnosis and 
allows for withdrawal of invasive interventions that would 
be ineffective for that patient.24,30 Management changes, 
such as changes to medications and surgical procedures, 
also avoided morbidity in 11 (26%) of 42 infants in the 
study by Farnaes and colleagues,30 including seizure 
control with a change in medication for an infant with 
early infantile epileptic encephalopathy type seven and 
avoidance of a surgical Kasai procedure for an infant with 
Alagille syndrome.30 In the Undiagnosed Diseases Network 
study,3 diagnosis of paediatric and adult patients led to a 
change in therapy for 28 (21%) of 132 patients who were 
diagnosed, a change in care other than therapy (such as 

Age group Management changes

Splinter et al (2018)3 Paediatric and adult 28 (21%) of 132 patients had change in therapy; 49 (37%) of 132 had change in care other than therapy; 
48 (36%) of 132 had variant-specific genetic counselling

Bick et al (2017)16 Paediatric Six (75%) of eight patients had change to medical management or surveillance; four (50%) of eight had 
changes in medication; six (75%) of eight had medical surveillance

Retterer et al (2016)17 Paediatric and adult Five (1%) of 876 diagnosed patients had suggested intervention or treatment

Stark et al (2016)18 0–2 years 15 (33%) of 46 patients had change to clinical management (three started additional treatment, five had 
treatments stopped or modified, nine had additional surveillance for known complications, one had 
surveillance stopped)

Stavropoulos et al (2016)19 <1 month to 18 years 32 (94%) of 34 patients had a change in clinical management

Normand et al (2018)22 Prenatal Four of 19 cases with information had medical management changes; 15 of 19 had reproductive planning; 
10 had recurrence risk information

Meng et al (2017)24 Infant (<100 days) Medical management affected for 53 (52%) of 102 infants

Table 3: Examples of management changes after diagnosis
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changes in diagnostic strategy) in 49 (37%) of 132 patients, 
and variantspecific genetic counselling in 48 (36%) of 
132 patients. After receiving a diagnosis, patients might 
receive modified genetic counselling on the basis of their 
recurrence risk, which could also influence reproductive 
planning.3,16–19,22,24

Several ethical issues should be considered regarding 
the use of clinical genomic sequencing for diagnosis 
of previously undiagnosed conditions. The American 
College of Genetics and Genomics recommends only a 
small number of genes that should be analysed as 
secondary findings when clinical genomic sequencing is 
done across the age spectrum.47 Genes on this list are 
provided on clinical reports, as well as any other medically 
actionable findings, including incidental, secondary, and 
carrierstatus findings as determined by the clinical 
genomics laboratories.14–17,19,20,22,24 In paediatric and prenatal 
settings, genomic sequencing results returned to parents 
might have implications for the parents’ own health or 
their family planning decisions. Therefore, the inclusion 
of incidental or secondary results in the clinical context is 
a matter of debate.47–53 For adults, carrierstatus results 
might be directly relevant for family planning, and 
incidental or secondary findings could have broader 
implications for other family members. Furthermore, 
even if a condition is not currently medically actionable, 
having a diagnosis might still have clinical and personal 
utility for the family, including bringing an end to the 
economic and psychological costs of waiting for a 
diagnosis, the possibility of familymember testing, 
information for family planning, and social support 
related to the diagnosis.54 Data protection is also critical to 
ensure patient privacy and maintain trust in data sharing, 
so that researchers can continue to access information 
that could lead to diagnoses and changes in management.

Conclusion
Genomic medicine can help undiagnosed patients and 
their families reach a diagnosis. Although adult patients 
have low diagnostic rates, structured longitudinal 
phenotyping might improve our understanding of the 
relationships between genomic variants and phenotypes 
across the lifespan. Improvements to structured pheno
type collection methods are needed, and laboratories 
require access to global, uptodate data on genes and 
phenotypes. Improved methods are also required to 
integrate additional data types with clinical genomic 
sequencing data, and to make information on diagnoses 
sharable in a way that protects patient privacy. Data 
sharing will play a central role in genomic medicine, 
by helping to link phenotypes with clinical genomic 
sequencing reports, additional data types, and diagnoses, 
eventually leading to changes in clinical management.

Diagnoses matter, not just because they might lead to 
treatments, but also because they can provide closure and 
peace of mind to patients. Diagnoses derived from 
genomic sequencing findings have several potential 

benefits for patients and their families, including new 
opportunities for therapeutic interventions and condition
specific management that can lead to improved outcomes 
and quality of life. Diagnostic results can be used for 
family planning, cascade testing of other family members, 
justifying social and educational services, and connecting 
to other families and conditionspecific support groups. 
Data sharing and data standards are critical to the future 
success of genomic medicine, because clinical data can 
inform research discoveries that, in turn, can return new 
knowledge to inform clinical care.
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