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Abstract

Background: Rare diseases (RDs) encompass a heterogeneous group of life-threatening or chronically debilitating
conditions that individually affect a small number of subjects but overall represent a major public health issue glob-
ally. There are still limited data on RD burden due to the paucity of large population-based epidemiological studies.
The aim of this research was to provide survival estimates of patients with a RD residing in Tuscany, Italy.

Methods: Cases collected in the Rare Diseases Registry of Tuscany with diagnosis between 1st January 2000 and
31th December 2018 were linked to the regional health databases in order to retrieve information on mortality of all
subjects. Survival at 1, 5 and 10 years from diagnosis with 95% confidence intervals (Cl) was estimated by sex, age
class, nosological group and subgroup using the Kaplan-Meier method. The effect of sex, age and period of diagnosis
(years 2000-2009 or 2010-2018) on survival was estimated using Cox proportional hazards regression.

Results: Survival at 1,5 and 10 years from diagnosis was 97.3%, 88.8% and 80.8%, respectively. Respiratory diseases
and peripheral and central nervous system disorders were characterized by the lowest survival at 5 and 10 years.
Despite a modest higher prevalence of RDs among females (54.0% of the total), male cases had a significant increased
risk of death (hazard ratio, HR 1.48,95% Cl 1.38-1.58). Cases diagnosed during 2010-2018 period had a risk of death
significantly lower than those diagnosed during 2000-2009 (HR 0.81, 95% Cl 0.82-0.96), especially for immune system
disorders (HR 0.48, 95% Cl 0.26-0.87), circulatory system diseases (HR 0.61, 95% Cl 0.45-0.84) and diseases of the mus-
culoskeletal system and connective tissue (HR 0.64, 95% Cl 0.49-0.84).

Conclusions: An earlier diagnosis as well as the improvement in the efficacy of treatment resulted in a decreased risk

of death over the years for specific RDs. The linkage between a population-based registry and other regional data-
bases exploited in this study provides a large and accurate mass of data capable of estimating patients'life-expec-
tancy and increasing knowledge on the collective burden of RDs.
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Background

Rare diseases (RDs) encompass a heterogeneous group
of health conditions which, while individually affect a
small number of subjects compared to other diseases
prevalent in the general population, on the whole
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represent a major public health issue at the global level
[1, 2]. In the European Union, any life-threatening or
chronically debilitating condition affecting less than 5
people in 10,000 is considered rare, whereas a RD in the
United States is any condition that affects fewer than
200,000 people, which corresponds to a prevalence of
about 1 in 1630 people [3]. Other national jurisdictions
set prevalence thresholds from 5 cases per 100,000 for
Korea to 76 cases per 100,000 people for China [4].
With an estimate that at least 1 out of 16 people suffers
from a RD, more than 470 million people worldwide,
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of whom 46.5 million in Europe and 20.5 million in
the United States, could be affected by one of 6000—
8000 RDs [3, 5]. Actually, the exact number of RDs is
unknown and depends on the source, and is meanwhile
increasing due to new RDs reported periodically in the
medical literature [4, 6]. The Orphanet (www.orpha.
net) is an information portal that contains data on 6172
unique RDs, of which 71.9% are classified as genetic,
involving either hereditary or de novo mutations [7].

Despite their great diversity, the majority of RDs are
classified as severe to very severe, have no cure, and
can result in serious consequences including premature
deaths in infancy and shortened lifespan in adults, as
well [8, 9]. According to data from the European Con-
ference on Rare Diseases hold in 2005 and based on
323 RDs, only 37.5% of diseases are characterized by a
normal lifespan [9]. Consistent with previous findings,
a study analyzing 430 Mendelian disorders found that
35% of them have a normal life expectancy, and 16 to
29% of these diseases are associated with symptoms
ranging from mild to severe, respectively [10]. Of note,
the number of pediatric RD patients who experience
the transition to adulthood is increasing and represents
a non-negligible proportion of the RD population [11].

Public awareness of RDs has been progressively grow-
ing in recent years due to the ever-closer collaboration
between patient associations, researchers and clini-
cians, politicians and industry [2]. The burden of RDs
on society translates into high mortality and disability
rates, high rates of hospital admissions and long-term
care, and consequent elevated costs for the national
health-care systems or, when the economic cover-
age for treatment is not complete, for the patients [3].
Additionally, patients with RDs often face difficulties
related to orientation and medical pathway to reach a
correct diagnosis and subsequently an adequate follow-
up, both medical and social [12]. For many RDs, cause
is not yet identified and molecular and pathophysi-
ological mechanisms are unknown and epidemiologi-
cal data collection is scarce or even unavailable [8, 13],
making it difficult both to estimate the overall burden
of RDs and address health-care planning to evaluate the
economic and societal effects of RDs [2, 14].

As many RDs individually affect very few people, the
major concern of the RD community is the absence of
reliable epidemiological data on the prevalence, inci-
dence and life expectancy of RDs at the national and
global level in order to implement public health meas-
ures and improve RD diagnosis and treatment [15].

To the best of our knowledge, studies on survival
of people affected by a RD using population-based
data, have not been published so far. The aim of this
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population-based study was to provide the survival
estimates of RD patients residing in Tuscany, Italy.

Methods

In this retrospective cohort study, the monitored popu-
lation includes all cases with a RD residing in Tuscany,
an Italian region of 3,701,343 inhabitants (source: Italian
National Institute of Statistics at 1st January 2018). Cases
diagnosed between 1th January 2000 and 31th December
2018 with one of the RDs reported in the list of the Italian
law (Decree of the President of the Council of Ministers,
01/2017) (Additional file 1), which includes 804 diseases
divided into 16 nosological groups and 17 subgroups, and
identified by a specific six-digit code for exemption from
co-payment, were collected from the population-based
Rare Diseases Registry of Tuscany. The registry has been
active since 2005 and is based on a regional network of
health centres, some of which are centres of expertise
[16].

Cases with RDs extracted from the Rare Diseases Reg-
istry of Tuscany were linked to the regional health data-
bases, i.e., mortality database, hospital discharge records,
and Registry Office database, through a unique anony-
mous identification number. For each case, the date of
diagnosis reported in the Rare Diseases registry was
used. Information on mortality was retrieved from the
regional mortality and hospital discharge databases. The
vital status of the subjects as at 31st December 2018 and
the number of cases emigrated from the region during
the follow-up period were ascertained through the Reg-
istry Office database.

Since the risk of death for congenital anomalies is high
in early life [17, 18], and the Rare Diseases Registry of
Tuscany is not suitable for collecting cases with rare con-
genital anomalies diagnosed in the first weeks of life [16],
the cases of the nosological group ‘congenital anomalies,
chromosomal aberrations and genetic syndromes, were
included only if diagnosed beyond the first month of life.

Survival estimates at 1, 5 and 10 years from diagnosis
were calculated by sex, age class (<18 years, 18—65 years,
and > 65 years), nosological group and subgroup using
the Kaplan—Meier method. For subjects suffering from
two or more diseases of the same nosological group,
the RD diagnosed first was considered. Subjects with
two or more disease of different nosological group were
counted once when estimating the survival on the over-
all cohort. The effects of sex, age and period of diagnosis
(2010-2018 vs. 2000-2009 period) on survival were esti-
mated using Cox proportional hazards regression model
and hazard ratios (HRs) with 95% confidence intervals
(CI) were calculated. The data were analyzed with Stata,
version 16 [19]. Two-sided p-value <0.05 was considered
statistically significant in all analyses of this study.
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Results

A total of 23,671 cases, diagnosed during 2000-2018
and endowed of a regional anonymous identification
number necessary for the linkage with the regional
databases, represent the study cohort.

In the first study period (2000-2009), 8996 cases
received a diagnosis of RD, while the remaining patients
(62.0%) were diagnosed with a RD in the 2010-2018
period.

We observed a modest higher proportion of females
(12,787 cases corresponding to 54.0% of the total),
especially in ‘diseases of musculoskeletal and connec-
tive tissue’ (81.1%) and ‘endocrine diseases’ (73.3%).
The median age at diagnosis was 44.3 years and, with
regards to the age distribution, 5026 cases (21.2%) were
pediatric patients (< 18 years), 12,609 (53.3%) were aged
between 18 and 64 years, and 6036 (25.5%) were 65 and
over.

The total person-time of the cohort was 156,183 years
and, during the study period, 3421 deaths (14.41%)
were recorded, of which 1696 were females and 1725
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were males. In Fig. 1A-C, survival curves for overall
cases were reported by sex and age class.

Survival at 1, 5 and 10 years from diagnosis was 97.3%
(95% CI 97.1-97.5), 88.8% (95% CI 88.4—89.3) and 80.8%
(95% CI 80.1-81.5), respectively (Fig. 1A, Table 1),
with females showing an expectancy life of 90.6% (95%
CI 90.0-91.1 and males of 87.2% (95% CI 86.5-87.8)
(Fig. 1B). Survival at 5 years was 98.7% (95% CI 97.2—
98.3), 94.2% (95% CI 93.7-94.6), and 68.4% (95% CI 67.0—
69.7) for subjects < 18, between 18 and 64, and > 65 years,
respectively (Fig. 1C).

Survival at 1, 5 and 10 years from the first diagnosis
for each nosological group and the entire cohort was
reported in Table 1. Patients suffering from ‘respiratory
diseases, ‘peripheral and central nervous system (CNS)
disorders’ and ‘diseases of the skin and subcutaneous
tissue’ had the worst life expectancy, with a survival
of 56.5%, 67.9%, and 71.5% respectively, after 10 years.
Cases with ‘circulatory system diseases, ‘digestive disor-
ders; ‘metabolic diseases’ and ‘diseases of the musculo-
skeletal system and connective tissue’ had a comparable
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Fig. 1 Kaplan-Meier survival estimates for the total of cases (A), by sex (B: solid line, females; dashed line, males) and by age class (C: solid
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Table 1 Survival of the cohort at 1,5 and 10 years from diagnosis for the total number of cases and for each nosological group

CASES (n) Age at diagnosis

% males 1year 95%Cl

5years 95%Cl 10years 95%ClI

(mean *standard
deviation)
Peripheral and central 5928 53.0£213 516 0.953 0.948-0.959 0.796 0.785-0.807 0679 0.664-0.694
nervous system
disorders
Congenital anomalies, 2377 1744182 515 0998 0.995-1.000 0.984 0.977-0989 0961 0.949-0.970
chromosomal aber-
rations and genetic
syndromes?
Circulatory system 2177 5544197 352 0982 0975-0.987 0917 0.903-0.929  0.800 0.776-0.821
diseases
Diseases of the muscu- 1826 573+155 18.9 0973 0964-0.980 0.892 0.875-0.907 0.768 0.740-0.794
loskeletal system and
connective tissue
Metabolic diseases 1773 36.7+280 582 0962 0951-0963  0.899 0.883-0.914  0.845 0.822-0.865
Respiratory diseases 1639 60.1£164 573 0.947 0934-0.957 0.719 0.687-0.749  0.565 0.520-0.608
Diseases of the skin and 1413 5894223 439 0949 0936-0.960 0.811 0.786-0.833 0.715 0.677-0.748
subcutaneous tissue
Diseases of the blood 1361 2794223 48.6 0992 0986-0.996 0972 0.960-0.981  0.962 0.947-0.973
and blood-forming
organs
Immune system disor- 1331 3854230 388 0.998 0.994-1.000 0.969 0.956-0979  0.903 0.875-0.925
ders
Disorders of the eye and 1301 375+186 573 0.998 0.993-0.999  0.989 0.981-0994 0.964 0.947-0.975
adnexa
Endocrine diseases 1036 24.1+£205 26.7 1.000 - 0.988 0976-0994  0.957 0.933-0.973
Neoplasms 987 3154227 452 0.986 0977-0992 0944 0.926-0958 0.923 0.899-0.941
Diseases of the genitouri- 489 43.0+205 47.8 0996 0.983-0.999 0.989 0.971-0996 0.954 0.907-0.977
nary system
Digestive disorders 257 51.1+£214 537 0968 0.936-0.984  0.896 0.841-0933 0818 0.720-0.884
Tinfectious and parasitic 13 4724197 538 1.000 - 0.909 0.508-0.987  0.909 0.508-0.987
diseases
Total 23,671 443 +25.0 46.0 0.973 0.971-0.975 0.888 0.884-0.893 0.808 0.801-0.815

Bold is provided for total rare disease survival results

2 Only cases diagnosed beyond 1 month. The total number of cases shown in the table does not refer to the sum of cases for each nosological group. Survival
estimates of neonatal morbidities of perinatal origin not shown as only 6 cases were reported. 95% Cl 95% confidence interval

survival at 5 years from diagnosis (range 89.2-91.7%),
although patients with ‘metabolic diseases’ experienced a
higher survival at 10 years (84.4% vs. range 76.8—81.8%
for the others). As for diseases belonging to the group
defined as ‘neoplasms) survival at 5 and 10 years was 94.4
and 92.3%, respectively, while subjects with ‘immune sys-
tem disorders’ had a survival of 90.3% at 10 years from
diagnosis. At 1 year, only subjects with ‘endocrine dis-
eases’ and with ‘infectious and parasitic diseases’ showed
a 100% survival. Patients with a RD from the groups of
‘endocrine diseases, ‘diseases of the blood and blood-
forming organs’ and'diseases of the genitourinary system,
‘disorders of the eye and adnexa; or ‘congenital anomalies,
chromosomal aberrations and genetic syndromes’ had
the highest life expectancy both at 5 years (range 97.2—
98.9%) and 10 years (range 95.4—96.4%) from diagnosis.

Survival estimates for the subgroups of metabolic dis-
eases were reported in Table 2. ‘Disorders of protein
metabolism and transport’ were characterized by the
lowest survival among the metabolic diseases (40.0% at
10 years), but this may be due to the higher mean age
observed at diagnosis (65.4 vs. 36.7 years of the group).
Approximately 15% and 20% of patients with ‘lysosomal
storage diseases’ did not survive at 5 and 10 years from
diagnosis, respectively. Patients with a RD belonging to
the subgroups ‘disorders of mitochondrial metabolism’
and ‘disorders of metal metabolism and transport, had a
survival ranging from 96.6 to 97.7% at 5 years and from
91.5 to 92.3% at 10 years. Subjects who suffered from a
disease of the subgroup ‘disorders of vitamin and non-
protein cofactor absorption and transport’ presented the
highest survival (98.0%, CI 95% 92.2-99.5) at 5 years.
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Table 2 Survival of the cohort at 1, 5 and 10 years from diagnosis for the subgroup of metabolic diseases
Cases (n) 1 year 95% CI 5 years 95% Cl 10 years 95% Cl
Disorders of metal metabolism and transport 404 0.995 0.980-0.999 0977 0.954-0.988 0.923 0.885-0.949
Disorders of protein metabolism and transport 320 0.848 0.802-0.884 0.577 0.506-0.642 0.400 0.310-0.487
Disorders of mitochondrial metabolism 304 0.986 0.962-0.995 0.966 0.931-0.983 0915 0.849-0.953
Lysosomal storage diseases 150 0.966 0.920-0.986 0.855 0.774-0.908 0.803 0.710-0.870
Disorders of vitamin and non-protein cofactor 111 0.990 0.934-0.999 0.980 0.922-0.995 0.980 0.922-0.995
absorption and transport
Other metabolic diseases? 485 0.985 0.969-0.993 0971 0.950-0.984 0948 0.914-0.968

2 Group of metabolic diseases not attributable to the others listed in the table. 95% Cl 95% confidence interval

Cox proportional hazards regression showed that, for
all cases, males had a significantly increased risk of death
than females (HR: 1.48, 95% CI: 1.38—1.58), and each
additional year at diagnosis was associated with a 7% risk
of dying (Table 3). In the 2010-2018 period, the risk of
death was 11% lower than in the 2000—-2009 period (HR
0.89, 95% CI 0.82-0.96).

A significant increase in the risk of death was observed
among males, from ‘immune system disorders, ‘endo-
crine diseases, ‘disorders of the eye and adnexa, ‘respira-
tory diseases, ‘diseases of the musculoskeletal system
and connective tissue, ‘congenital anomalies, chromo-
somal aberrations and genetic syndromes;, ‘diseases of the

skin and subcutaneous system, and ‘circulatory system
diseases:.

A significant reduction in mortality risk in the period
2010-2018 was found for ‘immune system disorders,
‘circulatory system diseases’ and ‘diseases of the muscu-
loskeletal system and connective tissue’

Cox regression analysis for the subgroup of meta-
bolic diseases did not produce significant differences
between males and females (Table 4). A significant
increased risk of mortality with increasing age at diag-
nosis was observed for almost all the subgroups, with
the exception of ‘lysosomal storage diseases’ and ‘dis-
orders of vitamin and non-protein cofactor absorption

Table 3 Effect of sex, age at diagnosis, and period of diagnosis on mortality risk for total cases and by nosological group

Sex Age at diagnosis Period of diagnosis

HR? 95% Cl HRP 95% ClI HR® 95% ClI
Neoplasms 143 0.90-2.29 1.04 1.03-1.06 0.79 0.45-1.36
Endocrine diseases 2.01 1.02-3.94 1.09 1.06-1.13 1.16 041-3.26
Metabolic diseases 1.08 0.82-1.42 1.05 1.04-1.06 1.20 0.88-1.62
Immune system disorders 2.13 1.35-3.35 1.06 1.05-1.08 0.48 0.26-0.87
Diseases of the blood and blood-forming organs 0.99 0.52-1.88 1.07 1.05-1.09 093 047-1.86
Peripheral and central nervous system disorders 1.08 0.98-1.20 1.07 1.06-1.07 0.96 0.86-1.08
Disorders of the eye and adnexa 1.83 1.04-3.19 1.11 1.09-1.14 0.81 0.33-1.96
Circulatory system diseases 1.50 1.20-1.88 1.09 1.08-1.10 0.61 0.45-0.84
Respiratory diseases 1.79 143-2.23 1.08 1.07-1.09 0.80 0.62-1.03
Digestive disorders 0.62 0.30-1.31 1.12 1,07-1,16 0.95 0.33-2.76
Diseases of the genitourinary system 248 0.84-7.29 1.12 1.06-1.18 0.34 0.06-1.90
Diseases of the skin and subcutaneous tissue 1.53 1.22-1.93 1.12 1.10-1.14 0.84 0.64-1.10
Diseases of the musculoskeletal system and connective tissue 1.63 1.24-2.14 1.10 1.09-1.12 0.64 0.49-0.84
Congenital anomalies, chromosomal aberrations and genetic syndromes® 1.63 1.03-2.58 1.05 1,04-1,06 0.75 040-1.41
Total 1.48 1.38-1.58 1.07 1.07-1.08 0.89 0.82-0.96

2 Only cases diagnosed beyond 1 month. For the nosological group of infectious and parasitic diseases the small number of cases did not allow to calculate HRs.
Females were the reference group in the analysis by sex; the 2000-2009 period was the reference group and was compared to 2010-2018 period in the analysis by
period of diagnosis. As for congenital anomalies, chromosomal aberrations and genetic syndromes, cases diagnosed by one month of age were excluded. HR hazard

ratio, 95% Cl 95% confidence interval
2 HRs were adjusted for age and period of diagnosis

b HRs were adjusted for sex and period of diagnosis

€ HRs were adjusted for sex and age at diagnosis. Statistically significant differences are reported in bold
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Table 4 Effect of sex, age and period of diagnosis on mortality risk in the subgroups of metabolic diseases

Sex Age at diagnosis Period of diagnosis
HR® 95% Cl HR® 95% Cl HR¢ 95% Cl
Metabolic diseases
Disorders of mitochondrial metabolism 312 0.99-9.80 1.05 1.02-1.09 0.67 0.20-2.25
Lysosomal storage diseases 1.21 0.56-2.61 0.99 0.96-1.01 1.04 0.39-2.79
Disorders of vitamin and non-protein cofactor absorp-  5.87 0.96-35.98 1.05 1.00-1.11 0.17 0.02-1.54
tion and transport
Disorders of metal metabolism and transport 3.14 0.96-10.30 1.09 1.03-1.15 0.87 0.31-243
Disorders of protein metabolism and transport 0.72 0.049-1.04 1.05 1.04-1.07 0.96 0.61-1.50
Other metabolic diseases? 2.04 0.81-1.17 1.04 1.03-1.07 0.70 0.26-0.94

2 Group of metabolic diseases not attributable to the others listed in the table. Females were the reference group in the analysis by sex; the 2000-2009 period was the
reference group and was compared to 2010-2018 period. HR hazard ratio; 95% Cl 95% confidence interval

b HRs were adjusted for age and period of diagnosis
€ HRs were adjusted for sex and period of diagnosis

9 HRs were adjusted for sex and age at diagnosis. Statistically significant differences are reported in bold

and transport. Furthermore, no significant differences
in mortality risk were observed between the 2000—-2009
and the 2010-2018 periods.

Discussion

The current study provided survival profiles of RD
patients, based on data from a population-based regis-
try surveilling more than 800 RDs in a geographic area of
about 3,700,000 inhabitants.

Our results showed that overall survival in RD subjects
was 88.8% and 80.8% at 5 and 10 years after diagnosis,
respectively. Males and especially the elderly experienced
a shorter life expectancy, in accordance with a previous
Italian study observing that the highest fatality rate cal-
culated on data from a RD population-based registry, was
among the subjects over 65 [20].

The ‘peripheral and CNS disorders’ and ‘respiratory
diseases, representing respectively 25.0 and 6.9% of
total cases, were the nosological groups with the low-
est survival. This result could be attributable to the most
frequent diseases of these groups, amyotrophic lateral
sclerosis (ALS) (21.7% of cases in ‘peripheral and CNS
disorders’) and sarcoidosis (47.2% of cases in ‘respiratory
diseases’), both characterized by a high fatality rate. In
fact, recent literature has reported that the vast major-
ity of patients with ALS have a mean or median survival
time between 24 and 50 months from symptoms onset
to death or invasive respiratory support [21]. Our find-
ings on ‘peripheral and CNS disorders’ are in agreement
with Mazzucato and co-authors who found a very high
fatality rate associated with this group of diseases in the
monitored population [20]. Likewise, sarcoidosis is a
major contributor to the ‘respiratory disease’ group. A
study conducted in a cohort of 452 American patients

with diagnosis of sarcoidosis revealed that the overall
mortality from sarcoidosis was 3.9% at 5 years, reaching
9.0% at 10 years [22]. The observed low 10-year survival
estimate for overall ‘respiratory diseases’ could also be
explained by the high mean age at diagnosis observed for
this nosological group (60.1 years).

The ‘disease of the skin and subcutaneous disease’
group also had a low survival (81.1% at 5 years and 71.5%
at 10 years) compared to other groups, and this can be
interpreted in a higher mean age at diagnosis (58.9 years)
and in the presence of a large number of individuals
with pemphigus (15.6% of cases) and bullous pemphig-
oid (30.0% of cases), which are often characterized by a
severe prognosis. Indeed, a retrospective hospital-based
cohort study carried out on 108 Romanian patients
with pemphigus vulgaris, demonstrated that an age of
onset > 65 years and the presence of coronary heart dis-
ease at diagnosis were independent risk factors associ-
ated with poor survival [23]. According to a retrospective
study performed on eighty-seven American residents
diagnosed with bullous pemphigoid, the estimated over-
all survival rates were 47%, 23%, and 21% at 4, 6 and
10 years after diagnosis, respectively [24].

From the analysis of the subgroups of metabolic dis-
eases, a poor life expectancy was also observed among
patients suffering from ‘disorders of protein metabolism
and transport’ and was likely attributable to primary sys-
temic amyloidosis, which is the most frequent disease in
the subgroup (76.1% of cases) and with a recognized low
survival. Consistently, Kumar et al. reported a median
survival of patients with amyloidosis ranging from 12 to
18 months, depending on the number of organs involved
and the severity of the disease [25].
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As regards the group of ‘congenital anomalies, chro-
mosomal aberrations and genetic syndromes, we found a
high life expectancy (96.1% at 10 years). It was somewhat
predictable, since the regional Registry of Rare Diseases
is not sensitive to collect cases diagnosed in the first
weeks of life [16], which is the timeframe with the high-
est mortality from congenital anomalies. To avoid selec-
tion bias, we decided to include only patients diagnosed
with rare congenital anomalies beyond the first month of
life. Hence, the survival value provided in our study could
be interpreted as an estimate of the survival of patients
with rare congenital anomalies given that the child sur-
vived to the first month. On the other hand, the registry
of congenital anomalies of Tuscany (www.rtdc.it), whose
network is based on maternity units, is the most sensi-
tive tool for estimating the survival of children born with
a rare congenital anomaly. These factors partly explain
why in our study we observed an elevated age at diagno-
sis (mean age of 17.4 years) for this RD group. Another
reason that clarifies an average age in the adolescence
range is the presence of congenital anomalies character-
ized by variable phenotypic expression, which can remain
asymptomatic and often are diagnosed later in life (e.g.,
Arnold—Chiari syndrome, Klippel-Feil syndrome) [26,
27].

Overall and as expected, an older age at diagnosis nega-
tively impacted the mortality risk of both RDs as a whole
and that of nosological groups and subgroups when esti-
mates were possible. The association between sex and
survival was highly significant for the total of cases and
especially for specific nosological groups, possibly as a
consequence of the increased probability of complica-
tions among males, which could lead to an early fatal
outcome [28]. For this reason, ad hoc studies on spe-
cific disease are needed to provide insights into survival
differences.

The current study also showed that, for some nosologi-
cal groups, the risk of death has decreased in recent
years. These findings may be owing to better overall
patient management, as well as improved timeliness of
diagnosis in the last few years. Nonetheless, due to the
general lack of data, in particular wide population-based
studies in the literature, the comparison of our results
with previous studies, is only possible for specific dis-
eases. For instance, referring to the drop of 46% in the
risk of death observed in ‘diseases of the musculoskeletal
system and connective tissue’ between the 2000-2009
and 2010-2018 periods, an analysis on systemic sclero-
sis, the most important disorder of autoimmune rheuma-
tological disease, observed a reduction in the mortality
rate from 2003 to 2016 in the United States [29], possi-
bly due to the improved early diagnosis and consequently
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treatment, which decrease the impact of complications
and comorbidities [28].

Strengths

To date, no other studies have analyzed the survival of
patients with a RD collected in a population-based reg-
istry. It is well known that, while patient registries are
considered key instruments to increase understanding of
the natural history of rare conditions and improve clini-
cal research, patient care and disease management, but
are not representative of the residing population, popu-
lation-based registries include all existing patient cases
and use the data for burden measures, disease descriptive
epidemiology, and risk factors, therefore representing an
essential tool for public health surveillance [30].

In addition, the Rare Diseases Registry of Tuscany is
based on a consolidate network that collects and vali-
dates data on about 800 different RDs using standardized
criteria of inclusion.

Furthermore, we used a multi-database approach that
integrates information from the Rare Diseases Registry of
Tuscany with other health regional databases, thus pro-
viding data to evaluate the outcomes and burden of RDs
in order to increase knowledge on the collective impact
of RDs. The methodological approach here applied con-
tributes to ameliorate the surveillance of RDs with accu-
rate and reliable epidemiological indicators based on
a large cohort of cases and stimulates the study of out-
comes for specific RDs or groups of RDs.

Limitations

This study has some limitations. First of all, the RDs reg-
istered in the Rare Disease Registry of Tuscany are those
surveilled by the Italian law (Decree of the President of
the Council of Ministers, 01/2017) and equipped with
a code of exemption from co-payment (see Additional
file 1). The exemption code not always corresponds to
a specific ORPHA code and the definition reported in
Additional file 1 often refers to group or subgroup of
similar diseases. Secondly, as reported above, the Rare
Disease registry is not suitable for collecting cases of
congenital anomalies in the first few weeks of life, there-
fore the survival estimates for this group are limited to
cases diagnosed after the first month, and consequently
higher than those expected for this group of RDs Besides,
since the Rare Diseases Registry of Tuscany is active from
2005, the ascertainment of cases collected retrospectively
for the previous years can be underestimated.

Conclusion

This study analyzed the survival of patients with a RD
collected in a population-based registry by applying a
multi-database approach capable of providing accurate


http://www.rtdc.it

Gorini et al. Orphanet J Rare Dis (2021) 16:275

survival estimates. Survival at 5 and 10 years from diag-
nosis was 88.8% and 80.8%, respectively, considering
all patients. Differences were found between nosologi-
cal groups, with ‘respiratory diseases’ and ‘peripheral
and CNS disorders’ characterized by the lowest sur-
vival at both 5 and 10 years. While a higher prevalence
of cases was detected among females, male patients
had a shorter lifespan for most nosological groups. As
expected, an older age at diagnosis was significantly
associated with an increased risk of mortality in all RD
groups. In the 2010-2018 period, on the other hand, a
significantly lower risk of death (— 11%) for the total
number of cases was observed compared to the 2000—
2009 period, in particular for the groups of ‘immune
system disorders, ‘circulatory system diseases’ and
‘diseases of the musculoskeletal system and connec-
tive tissue, probably due to early diagnosis and/or more
effective treatments.

Other epidemiological studies based on a large cohort
of cases are advisable in order to improve knowledge on
RDs and provide meaningful data to clinicians, research-
ers and policy makers.
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