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Recent advances in genomic sequencing and their implementation in clinical
practice are widely recognized as diagnostic milestones, and are influencing
considerably medical decision making in term of patients’ management. The
cost-effectiveness of genomic analysis as first-tier tests has been
documented. However, only a few studies have assessed systematically the
economic impact of a revised diagnostic trajectory based on exome
sequencing in the health system for undiagnosed patients. We report on the
assessment of diagnostic costs referred to a large cohort of patients enrolled
in the Bambino Gesu Children’s Hospital’s “Undiagnosed Patients Program”,
supporting the cost-effectiveness of exome sequencing in a universalistic
health care service compared to the traditional multi-step diagnostic workup.
Our data provide evidence that revision of health policy to promote genomic
sequencing of patients with suspected Mendelian disorders would allow
reallocation of resources for rare diseases from diagnostics to patient care. At
a social level, diagnosis is crucial to receive the social “sick role” and
establish an effective doctor-patient relationship. The application of genomic
sequencing as first-tier diagnostic test does improve this process speeding up
the diagnosis and management of undiagnosed patients.

Keywords: exome sequencing; undiagnosed patients; rare diseases; diagnosis;
health policy; cost-effectiveness; doctor-patient relationship

Introduction

More than 8500 disorders with proven or suspected Mendelian basis (i.e. mono-
genic disorders) have been reported to date (OMIM Gene Map Statistics 1996).
Among these, a large fraction refers to rare diseases, which are defined as con-
ditions having an estimated prevalence of less than 1 in 1500, 1 in 2000 and 1 in
2500 individuals in US, Europe, and Japan, respectively. About half of rare diseases
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affect children, and 80-90% are estimated to have a genetic basis, which can be
investigated using genetic/genomic approaches. While rare individually, these dis-
eases affect collectively some hundred millions of people worldwide, and 6—-8% of
the total European Union (EU) population.

Rare diseases have been considered a public health priority since the 1990s at
both EU and Member State level (EURORDIS 2005). The “Orphan Medicinal
Product Regulation” (1999) was the first of several legislative texts on rare dis-
eases, followed by the “Communication from the Commission to the European Par-
liament, the Council, the European economic and social Committee, and the
Committee of the Regions on Rare Diseases: Europe’s challenges” in 2008, and
“Council Recommendation of 8 June 2009 on an action in the field of rare diseases
(2009/C 151/02)”. In Italy, the first decree on rare diseases came into force in 2001
(DM 279/2001), enabling access to treatment for these patients and the creation of a
national network of expert centers. More recently, the European Commission pro-
duced a “Directive on the Application of Patient’ Rights in Cross-Border Health-
care (DIRECTIVE 2011/24/EU, 2001)” that has played a key role in the
development of European Reference Networks (ERNs), a net of experienced
centers sharing knowledge by telehealth and coordinating the application of new
technologies to improve the diagnosis and care of patients affected by rare diseases.

Subjects affected by rare diseases and their families share similar needs, suffer
diagnostic delay, poorness of expert resources, uncertainty in genetic counseling,
and lack of proper clinical management and care. All these issues have to be care-
fully considered to manage this challenge both at ethical, social, and health policy
levels. Effective treatments are missing for most rare diseases, largely because of
the current failure in identifying the underlying genetic defect, a prerequisite to
the understanding of the underlying molecular and cellular mechanisms. Early
diagnosis is also required to favor a prompt use of available treatments to
prevent complications and amend the natural history of diseases (Borghesi ef al.
2017). These difficulties could be overcome in part by the implementation of
more effective public health policies directed to improve and accelerate diagnosis.
At a social level, a diagnosis is crucial for these patients to receive the acknowl-
edgement of “sick status”, similarly to what is experienced by patients affected
by “common” diseases (Kerr 2005; Huyard 2009).

Even more neglected are undiagnosed patients. It is estimated that a significant
proportion of individuals affected by rare diseases does not reach the diagnosis
during life (EURORDIS 2005), and many of them receive an initial misdiagnosis
(Gahl et al. 2012). Overall, the average diagnostic delay has been estimated as
approximately 9 years (range 5-30 years) (EURORDIS 2009; Molster et al.
2016). These figures emphasize the time-consuming and ineffective approach of
the “classic” diagnostic workup in these patients, and the need of a substantial revi-
sion of the diagnostic workflow for rare diseases to design a more successful strat-
egy to improve clinical assessment and laboratory testing in these patients. The so-
called diagnostic odyssey, including numerous clinical assessments, invasive and
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sometimes harmful procedures, laboratory and instrumental evaluations and
expensive and time-consuming molecular analysis, is a common experience in
these fragile families. As a consequence, a growing number of undiagnosed
patients are facing two main problems: the therapeutic approaches remain undeter-
mined and the social “sick role” cannot be acquired. As Parsons (1951, 436—7) has
shown, “sick people” need social acknowledgment of their condition. This is
necessary to change expectations about their social performances. In fact, full
social recognition of a condition of sickness grants exemption from the individual’s
social duties (work, family care, etc.). On the other side, the “sick role” legitimates
the individual’s expectation to receive assistance in a path of care. “Of course the
process of recovery may be spontaneous but while the illness lasts he can’t ‘help it.’
This element in the definition of the state of illness is obviously crucial as a bridge
to the acceptance of help” (Parsons, p. 437). Said differently, patients affected by
rare diseases need to face heavier problems of uncertainty than other patients,
especially in the domain of doctor-patient relationship (Calnan 1984). This
crucial relationship is characterized by a strong social dimension, which can
affect the outcomes of the whole therapeutic process (Balint 1957; Armstrong
1982).

The completion of the “Human Genome Project” in 2001 initiated a rapid expan-
sion of knowledge about our genome allowing accurate assessment of its sequence,
topography, and extent of variation. During the last decade, the development of
second generation sequencing technology, based on the use of massive parallel
sequencing coupled to the implementation of bioinformatics pipelines to manage
and analyze large genomic datasets, together with the progressive decrease of
sequencing costs, have resulted in a wide application of genomic sequencing as
a hypothesis-free, highly informative tool in exploring the molecular causes of
Mendelian disorders and understanding the molecular mechanisms underlying
their pathogenesis (Lu, Campeau, and Lee 2014; Sawyer et al. 2016). Genome
and in particular exome sequencing, the latter allowing to scan the entire
protein-coding portion of the genome (about 1-2% of entire genome), have
shown to be highly effective strategies in the diagnostic setting, and represent
useful tools for stratifying patients and improving diagnosis and care (Petrikin
et al. 2015).

While the technological implementation has run side-by-side with the acqui-
sition of knowledge, the “public genomics policy” has more slowly being
implemented. A recent revision of the state-of-the-art has been carried out to evalu-
ate the starting point at EU and Member States level (Mazzucco et al. 2017). While
several European countries, including Italy, have implemented a national plan for
the integration of genomics into the healthcare practice, only a few of them have
implemented a structured national policy. To properly design the health policy in
the areas of prevention, diagnosis and care of rare diseases, and implement avail-
able genomic tools in the National Health System, a detailed analysis has to be pro-
duced taking into account both effectiveness (evidence-based) and sustainability
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(cost-effectiveness) of the systematic application of these novel technologies in the
health care pathway.

The Italian Health System, founded on principles of universal coverage and non-
discriminatory access to health care services can be used as a model to unbiasedly
assess the cost-effectiveness of the introduction of genomics into clinical practice.
The financial resources for the Italian Health System are derived from the use of
general taxation, ensuring homogenous access to healthcare basket benefits (the
so-called LEA) within the national territory. Due to limited resources, a fine pro-
grammatic policy has to be settled on several sides. A major issue concerns the
diagnosis’s costs, which have a direct impact on sustainability. In principle, the
reduction of diagnostic costs could support the reallocation of resources to
improve the management and treatment of rare diseases.

We report on a monocentric pilot study aiming at assessing the cost-effectiveness
of exome sequencing as a first-tier diagnostic tool for undiagnosed patients com-
pared to the traditional multi-step diagnostic workup currently existing in Italy.
Our data demonstrate the effectiveness and sustainability of exome sequencing
in a universalistic health care service and provide evidence that revising health
policy to promote genomic sequencing of patients with suspected Mendelian dis-
orders would allow reallocation of resources for rare diseases from diagnostics to
patient care. Moreover, the application of genomic sequencing as first-tier diagnos-
tic test is expected to improve the social acknowledgement of “sick status™ and
establish an effective doctor-patient relationship, speeding up the diagnosis and
care of undiagnosed patients.

Materials and methods
Patients

Three hundred and twenty-four patients affected by rare and orphan diseases were
consecutively enrolled in the OPBG’s “Undiagnosed Patients Program”, between
2014 and 2017. The program was launched in 2014 to address the needs of undiag-
nosed patients. Its workflow was based on a multidisciplinary evaluation to guide
molecular diagnosis, and promote more effective patient management and care
(Figure 1). Each patient enrolled in the program was suspected to have a Mendelian
disorder (i.e. a disorder caused by mutation(s) affecting a specific gene) based on
clinical presentation (e.g. model of inheritance, complexity of phenotype, and
age at onset), and had been remained undiagnosed despite extensive multidisciplin-
ary clinical, instrumental, and genetic evaluations. The clinical assessment of
patients, based on criteria shared by experienced medical geneticists, dysmorphol-
ogists, and clinicians of different pediatric specialties, included family history,
evaluation of craniofacial appearance, anthropometric measurements, and a
detailed multidisciplinary clinical appraisal on a case-to-case basis. A web data
form was used to standardize the collection of data after informed consent delivery.
Before enrollment in the program, CGH/SNP-array analysis, allowing genome
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Figure 1. Workflow of the OPBG’s “Undiagnosed Patients Program”.

scanning of microdeletions and microduplications, had been performed to exclude
disorders resulting from chromosomal structural rearrangements. Formal genetic
counseling was offered to all families. Written informed consent was obtained
from all analyzed cases, including family members. In the frame of multidisciplin-
ary clinical assessment sessions, clinical exome sequencing (i.e. sequencing of the
currently known genes already identified to be associated to human disease) were
indicated for patients in which a known genetic disorder was suspected, while
patients without any conclusive diagnostic hypothesis were considered eligible
for whole exome sequencing (WES).

Molecular analyses

Clinical exome analysis was performed according to the manufacture’s protocol,
using the SeqCap EZ Enrichment kit — Inherited Disease Panel (Roche), and
sequenced on an Illumina MiSeq or NextSeq550 platforms. The BaseSpace
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pipeline (https://basespace.illumina.com/) and VariantStudio software (http://
variantstudio.software.illumina.com/) were used for variant calling and annotation.
WES was performed by using Sure Select XT All Exon V5 (Agilent) and Nextera
Rapid Capture Exome V1.2 (Illumina) as enrichments kits, and target regions were
sequenced on a [llumina HiSeq3000 and NextSeq550 platforms. WES data analysis
was performed using an in-house implemented pipeline allowing reads alignments
to the reference genome (hgl9), and variant calling and annotation, as previously
described (Kortiim et al. 2015; Chong et al. 2016; Flex et al. 2016; Bauer et al.
2018). Both approaches were performed by experienced molecular geneticists and
bioinformaticians with adequate skills for analyzing and interpreting sequencing
data. Continuous development and implementation of pipelines for variant annota-
tion, filtering, and prioritization of the collected genomic data made possible to re-
analyze the WES data without any need to replicate the experimental workflow.
Clinical exome/WES results were reported to the referring clinicians following the
American College of Medical Genetics and Genomics (ACMG) standards and guide-
lines for the interpretation of sequence variants (Richards ez a/. 2015). Similarly, inci-
dental findings were reported, in accordance with the patient/family request, as stated
in the informed consent form, accordingly with the ACMG recommendations for
reporting of secondary findings (Green et al. 2013; Kalia et al. 2017).

Costs

Among the enrolled patients, the complete set of investigations, procedures, and
clinical assessments had been made available on a sub-cohort of 211 patients,
aged between 1 month and 43 years, with or without a conclusive diagnosis
reached by clinical exome or WES analysis. All investigations, procedures and
inpatient/outpatient assessments were retrospectively collected and revised by an
experienced clinical geneticist (F.C.R.), using the OPBG’s informative system.
Based on manual curation, exclusively diagnostic evaluations/procedures were
retained. Management and therapeutic admissions’ costs were not included in the
present study as well as the economic impact of the day-by-day management or
the financial impact of travel costs place within the framework of the diagnostic
odyssey. Costs of investigations were calculated based on the Italian Health
System tabs (http://www.salute.gov.it/portale/temi/p2_6.jsp?lingua=italiano&id=
3662 &area=programmazioneSanitarial.ea&menu=vuoto). Total costs and yearly
costs of diagnostic delay, the latter resulting from the total costs divided by the
number of years from the onset of symptoms to the age at the exam, were considered,
and minimum, maximum and average costs were calculated for each indicator.

Results

Total average cost of diagnostic procedures for each undiagnosed patient enrolled
in the program was calculated to be € 11,572 (range € 160-75,840). As expected,
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the total cost showed a direct correlation with the patients’ age at enrollment and
clinical complexity. The estimated average cost of each year of diagnostic delay
(i.e. total cost divided by the number of years from the onset of symptoms to the
age at the clinical exome/WES analysis) was € 2146 (range € 48—18,320). Costs
were calculated both in patients who underwent clinical exome sequencing or
WES analysis, regardless of the patient obtained a definite diagnosis or remained
undiagnosed after testing. A schematic representation of cost distribution is
shown in Figure 2. No significant difference was observed between patients who
reached a diagnosis or remained unsolved after exome analysis, indicating a homo-
geneous selection of patients and absence of any bias in selecting known nosologic
disorders. Differently, total costs and yearly cost of diagnostic delay were found to
be reduced in patients analyzed by clinical exome analysis, indicating a more per-
tinent “traditional” clinical, instrumental and laboratory workup in patients with a
diagnostic hypothesis. This finding suggests that the presence of diagnostic handles
addresses more precisely both the genetic test and the diagnostic workup (i.e. clini-
cal, instrumental and laboratory assessment). On the contrary, the absence of
pathognomonic features does not allow to direct the diagnostic workup accurately,
resulting in unnecessary and sometimes harmful assessments and procedures.
Remarkably, despite the relatively short period of this pilot study, costs showed
an appreciable decreasing temporal trend as a result of the application of this coor-
dinated multidisciplinary workflow (Figure 2, panel f).

Dissection of costs related to clinical assessment (i.e. inpatient/outpatient hospi-
tal admissions), instrumental investigations, biochemical/metabolic measurements,
and genetic testing documented that genetic analyses accounted for 58% of the total
costs (Figure 2, panel g), indicating that a significant reduction of diagnostic costs
could be obtained in principle, favoring a more efficient reallocation of resources to
improve patients’ management.

Discussion

While genetic disorders are individually rare, collectively they affect some hundred
millions people worldwide. The burden of genetic diseases in children’s hospital
admissions document a significant impact of these conditions on pediatric mor-
tality, as it has been estimated that 23% of infant deaths are due to genetically deter-
mined disorders (Hoyert et al. 2001). Estimates also indicate the relevant
contribution of genetic diseases on admission to pediatric intensive care unit,
with 70% of these children reported to have partly or wholly genetically determined
disorders (FitzPatrick, Skeoch, and Tolmie 1991; Feldkamp et al. 2017). Overall,
genetic diseases represent the first cause of hospital access for children with life-
threatening/complex diseases (McCandless, Brunger, and Cassidy 2004). Among
genetic diseases, a significant proportion is represented by rare and undiagnosed
disorders. While a subset of patients receives a diagnosis at first evaluation
based exclusively on clinical assessment, undiagnosed patients often exhibit non-



256 F.C. Radio et al.

Entire cohort (2014 - 2017)

75 840

18320

2146
48i

Total Costs Costs for each year of diagnostic
Min ®Average ®Max delay

Solved cohort Unsolved cohort

75 840

b ¢ 12732
10975 = 113
10000 10000
8000 8000
6000 6000
4000 4000
2232 2079
2000 2000
240 8 160 160 i
0 == - 0 = =
Total Costs Costs for each year of Total Costs Costs for each year of
@Min ®Average @Max diagnostic delay EMin ®Average Max diagnostic delay
Clinical exome WES
75840
57610
d . ﬁ) i
e . 11760
10000 10000
8000 1.664 8000
6000 6000
4000 4000
1870 2079
2000 2000
240 48 i 160 160
0 == 0 —=—= _—
Total Costs Costs for each year of Total Costs Costs for each year of
WMin ®Average EMax diagnostic delay EMin ®Average EMax diagnostic delay
Average costs Diagnostic trajectory
f g
20000
18000
63%
16000
14188
14000 13453
12000 10148
10000
8000 )
6000
8% k: "
4000 10% Genetics
2366 2100 2252 5% sa/l { Clinical assessment
2000 15, B> @ g metabolic
: 2% w
0 Pas P ¢ Imaging
Total Costs (average) _Costsfor each year of @y i
diagnostic delay (average) 20142015 0.0
®2014-2015 W2016 2017 2017

Figure 2. A schematic representation of cost distribution. (a) Costs evaluation in the entire cohort. (b)
Costs evaluation in post-exome solved cohort. (c) Costs evaluation in post-exome unsolved cohort.
(d) Costs evaluation in patients undergoing clinical exome scan. (¢) Costs evaluation in patients
undergoing WES analysis. (f) Declining trend during time of total costs in the entire cohort, the
cost for each year of diagnostic delay appears stable. (g) Declining trend during time of the impact
of genetic analysis on the total amount of diagnostic cost.
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specific/non-pathognomonic features or are too young to reach the full expression
of the disorder or even are affected by ultra-rare/unique/previously unrecognized
conditions. In a subset of these subjects a complex clinical phenotype resulting
from the concomitant presence of two diseases due to mutations in two known
disease genes may occur. Reassessment during the follow-up might provide
insight for diagnosis, even though an overall reduction of the diagnostic rate
based exclusively on clinical appraisal at each follow-up has been documented
(Shashi et al. 2014; Douzgou et al. 2016).

During the last decade, new cytogenetic and molecular testing approaches have
made available efficient and cost-effective diagnostic tools. In particular, clinical
exome and WES have been validated as high-throughput strategies for rare geneti-
cally heterogeneous disorders, and are increasingly used in the diagnostic workflow
for undiagnosed patients, presenting with a condition of suspected mendelian
origin, resulting in a success rates of 25-50% (Petrikin et al. 2015; Sawyer ef al.
2016). Consistently, a diagnostic yield close to 50% has been reached in the
ongoing OPBG’s “Undiagnosed Patients Program” (manuscript in preparation).
Of note, by coupling the power of clinical exome analysis (i.e. in silico scan of
genes known to be involved in human disease) with the informativeness resulting
from clinical/functional validation of genomic variants in candidate disease-genes
and the unique opportunity to re-analyze the originally collected sequencing data
with an overall considerable reduction of analytic costs, WES is a particular effec-
tive and economically sound diagnostic tool. Importantly, data re-analysis of WES
originally providing negative results in terms of identification of putative disease
causative variant(s) has been documented to provide additional success rate of
10-30% (Nambot et al. 2018).

While the implementation of exome sequencing in clinical practice is widely
recognized as a diagnostic milestone and its cost-effectiveness as a first-tier test
has been documented (Lu, Campeau, and Lee 2014; Valencia et al. 2015), only
a few studies have systematically assessed the economic impact of its use on the
health system. Monroe et al. (2016) estimated an average total cost of USD
16,409 per patient, compared with the cost of a trio-based WES at USD 3972 in
a cohort of 17 patients. Stark et al. (2017) evaluated the diagnostic costs in 40
undiagnosed infants, highlighting an average cost of USD 21,099 per patient.
Vissers et al. (2017) analyzed 150 children affected by complex neurological dis-
orders and calculated the total cost for the diagnostic workup in € 10,685 (range €
9544-11,909) per patient, compared with the cost of trio-based WES of € 3500.

The OPBG’s “Undiagnosed Patients Program” has been launched in 2014 to
address the needs of undiagnosed patients. The program workflow is based on a
multidisciplinary team evaluation to guide molecular diagnosis, and promote
more effective patient management and care (Figure 1). The clinical re-evaluation
of enrolled patients directs the laboratory workup towards a first-level hypothesis-
driven genetic test (i.e. target re-sequencing or clinical exome, in presence of a sus-
pected diagnosis) or a hypothesis-free genomic scan (i.e. WES, in the absence of
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any diagnostic hypothesis). This approach has resulted in a significant increase in
the diagnostic yield (first-level genetic tests hypothesis-driven: 70%; WES: 40%,
not including an additional 15% of cases with novel disease/candidate genes
pending functional/clinical validation) with a reduction of diagnostic delay
(average turning back time: 1-6 months). A retrospective cost analysis performed
on 211 undiagnosed patients showed an average cost of € 11,572 to reach a diag-
nosis, compared with the cost of trio-based clinical exome/WES of about € 3000. A
similar average cost was calculated for both post-exome solved and unsolved cases,
suggesting unbiased patients’ enrollment. Of note, a significant declining trend of
total cost and cost of genetic analysis was observed throughout the period of the
patients’ enrollment. This likely reflects the positive impact on costs of the pro-
gressive translational use of clinical exome sequencing/WES analysis as an early
diagnostic tool (Lu, Campeau, and Lee 2014), even in absence of specific health
policy.

The use of WES as first-tier approach in patients with undetermined diseases is
predicted to reduce the number of genetic/metabolic testing with consequent cost
saving. This analysis has the benefit of assessing all known disease genes, while
simultaneously providing a substrate for future reanalysis without a relevant differ-
ence in costs compared with clinical exome sequencing approach nonetheless
making possible novel disease-gene discovery through clinical/functional vali-
dation of candidate disease-genes and speeding up the diagnostic workflow. The
sole genetic investigation to be considered preceding WES is CGH/SNP-array to
exclude structural rearrangements, which is diagnostic in a substantial proportion
of individuals affected by complex disorders. The diagnostic workflow of patients
that remain undiagnosed after WES should take into account additional omics
approaches (e.g. whole genome sequencing, transcriptome, and methylome analy-
sis), with additional costs to be considered and evaluated during next years in order
to define their diagnostic effectiveness and sustainability.

Several additional non-medical costs have to be considered during the life span
care of undiagnosed patients. However, a punctual economic evaluation of dedi-
cated time and quality of life in the affected families is not feasible and have to
be based on an analysis of the “social” costs. Although it is assumed that in
general the cost of care is not modified by WES results, availability of diagnosis
is the first step toward a more appropriate management. Even if no cure is available,
diagnosis is expected to allow the family to obtain a proper genetic counseling and
to engage informed reproductive choice. A recent study in Italy demonstrated that
the cost of each undiagnosed patient is superimposable to the cost of a patient
affected by two different chronic diseases (i.e. around € 5000) (Spandonaro
et al. 2015). This cost is expected to increase during time, in particular with the
advance in therapeutic approaches (e.g. biological drugs). Reducing diagnostic
cost and interrupting the diagnostic odyssey of these patients will make available
additional resources for both management and care as well as for research.
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Even if the use of clinical exome sequencing/WES analysis as an early diagnos-
tic tool has a positive impact on costs, caution must be exercised in reporting and
managing secondary/incidental findings emerging by the systematic use of NGS
technologies in clinical practice. In the OPBG’s “Undiagnosed Patients
Program” cohort, the rate of secondary/incidental findings was less than 2%.
Only known pathogenic or expected pathogenic variants in the 56 genes of the
ACMG guidelines were considered for reporting, after informed consent collection,
even when unrelated to the primary medical reason for testing. No data are avail-
able on the possible impact on public health of incorrect management of these find-
ings, principally related with not specialized handling of genetic tests or, more
dangerous, consumer-directed testing, and dedicated studies are needed to
address this issue. Similarly, a systematic evaluation of the impact of new
genomic sequencing technologies on society and possible discriminatory conduct
has to be carefully performed. Much of social science is concerned with uncovering
sources of heterogeneity within and between populations in the processes that
determine life courses. Particular attention should be devoted to psychological
and social aspects related to genomic analysis. Families must be informed and
make aware about the opportunities and informativeness as well as the limits of
genome sequencing applications. However, the systematic application of these
technologies is expected to reduce the timing and exhaustiveness of genetic analy-
sis devoted to reach a diagnosis, reducing the uncertain in doctor-patient relation-
ship. When a doctor and a patient meet, a reciprocal acknowledgment is necessary.
The patient needs to trust in the doctor’s authority and professional skills, while the
doctors needs to fully accept the patient as a “sick person” which needs to be treated
and care. As suggested by May et al. (2004), between the two actors a negotiation is
taking place, which leads to a shared representation of the illness and the thera-
peutic path to be undertaken. Habitually this negotiation process matches the
doctor’s leading position — in terms of technical competences, and official decision
power — with the patient’s need for healings, information and availability to follow
doctor’s instructions. It has been stressed that “In other medical settings, where the
relationship is more personalized or the contact between doctor and patient is more
prolonged, the doctor-patient relationship has been portrayed as a form of nego-
tiation”. For example, “in a study on tuberculosis patients who were inmates of a
sanitorium it is shown how the relationship is characterized by the lack of infor-
mation given to patients by doctors and by a process of bargaining over the time-
table” (Calnan 1984). When a doctor meets undiagnosed patients, this relationship
reveals to be quite biased: the lack information might limit both the doctor’s
acknowledgment of the patient and patient’s trust in doctors and his/her hope for
a full recover (Ducournau et al. 2013). In this context, besides the symptoms
that they cause, rare diseases are a powerful stress factor which can jeopardize
patients’ recover and/or their life quality (Gundersen 2011). The application of
clinical exome sequencing/WES analysis as an early diagnostic tool is expected
to have consequent positive impact in medical management and care as well as
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reduce the stress due to the lack of meaning related to the “sick status” (Gundersen
2011).

In conclusion, the present study supports the cost-effectiveness of clinical exome
sequencing and WES analysis as first-tier diagnostic tests in the routine diagnostic
workup of patients with suspected Mendelian disorders in specialized services,
proving effectiveness and sustainability of this approach in a universalistic health
care system, with a direct impact on driving a “public genomics policy”. The
present economic evaluation is dynamic and expected to change over time, depend-
ing on technical variations and societal and economic issues. In particular, it seems
possible to anticipate an additional reduction of genomic sequencing costs and no
price increase. These data suggest the current need of rethinking the diagnostic
strategies for undiagnosed patients, based on cost-effectiveness analysis and
social/sociological value.
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