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Abstract
Background Patients with familial fibrotic interstitial lung disease (ILD) experience worse survival than patients with 
sporadic disease. Current guidelines do not consider family aggregation or genetic information in the diagnostic 
algorithm for idiopathic pulmonary fibrosis or other fibrotic ILDs. Better characterizing familial cases could help in 
diagnostic and treatment decision-making.

Methods This retrospective cohort study included 222 patients with fibrotic ILD (104 familial and 118 sporadic) from 
Bellvitge University Hospital. Clinical, radiological, pulmonary functional tests (PFT), and histological evaluations were 
performed at diagnosis and follow-up. Telomere shortening and disease-associated variants (DAVs) in telomerase-
related genes were analysed in familial patients and sporadic patients with telomeric clinical signs. Primary outcomes 
were the presence of a UIP histological pattern and disease progression.

Results Patients with idiopathic pulmonary fibrosis (IPF) (52%), fibrotic hypersensitivity pneumonitis (23%), and 
other fibrotic ILDs (25%) were included. 42% of patients underwent lung biopsy. Patients with family aggregation 
were younger and less frequently associated comorbidities, male sex, and smoking history. However, usual interstitial 
pneumonia (UIP) was more frequent on pathology (p = 0.005; OR 3.37), especially in patients with indeterminate or 
non-UIP radiological patterns. Despite similar PFT results at diagnosis, familial patients were more likely to present 
with progressive disease (p = 0.001; OR 3.75). Carrying a DAV increased the risk of fibrotic progression in familial and 
sporadic patients (p = 0.029, OR 5.01).

Discussion Familial patients diagnosed with different fibrotic ILDs were more likely to exhibit a histological UIP 
pattern and disease progression than sporadic patients, independent of radiological findings and pulmonary function 
at diagnosis.
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Background
Fibrotic interstitial lung diseases (ILDs) represent a sub-
stantial burden, with a prevalence of 76 cases per 100,000 
inhabitants in Europe. These include drug or radiation-
induced fibrotic ILDs, inhaled exposure-related fibrotic 
ILDs (organic or inorganic substances), autoimmune or 
connective tissue disease(CTD)-associated fibrotic ILDs 
and idiopathic interstitial pneumonias (IIPs) [idiopathic 
nonspecific interstitial pneumonia (NSIP) and idiopathic 
pulmonary fibrosis (IPF)], among others [1]. IPF is the 
most lethal and frequent fibrotic IIP, with an estimated 
mean prevalence of 2–10 cases per 100,000 inhabitants 
[2, 3]. Pulmonary fibrosis is present in many other non-
IPF ILDs and may progress despite conventional integral 
treatment, which is defined as progressive pulmonary 
fibrosis (PPF) [4–6]. The incidence of PPF in non-IPF 
patients varies between 13 and 40%, depending on the 
entity [1, 7]. Pirfenidone and Nintedanib, anti-fibrotic 
drugs evaluated in clinical trials, have shown to slow 
functional decline and disease progression [6–10]. Lung 
transplantation improves survival in eligible patients with 
PPF [6, 11]. 

A confident diagnosis has strong implications for 
patient management and prognosis [12]. The multidisci-
plinary ILD diagnostic approach includes clinical, func-
tional, radiological and serological assessments, with or 
without bronchoscopy or surgical lung sampling [1]. In 
IPF, lung biopsy is not required for patients with radio-
logical consistent or probable UIP patterns on high 
resolution computed tomography (HRCT) and proper 
clinical context; due to the high probability (> 90%) of 
a histological UIP pattern being found in lung biopsy 
[6, 13, 14]. Therefore, lung biopsy is mostly indicated in 
young patients with fibrotic ILDs and those with indeter-
minate UIP or non-UIP radiological patterns, balancing 
the potential morbidity and mortality of the procedure 
[6]. 

Familial pulmonary fibrosis (FPF) is defined as the 
presence of at least 2 cases of pulmonary fibrosis in the 
same family [15, 16]. Familial aggregation is the most 
important risk factor for IPF, and is also associated with 
earlier onset of the disease [17]. Up to 20% of patients 
with IPF have a first degree relative with ILD [18]. Fam-
ily history also predicts worse transplant-free survival 
and an increased risk of death, both in IPF and non-IPF 
fibrotic ILD patients [19, 20]. 

Furthermore, disease-associated variants in telomere-
related genes (TRGs) are detected in approximately 30% 

of the families (TERT, TERC, DKC1, PARN, RTEL1, etc.) 
[21]. Telomere attrition, a consequence of TRG patho-
genic variants, may be found in sporadic and famil-
ial fibrotic ILD. IPF patients with telomere shortening 
more frequently exhibit a decrease in forced vital capac-
ity (FVC) and short transplant-free survival [22]. Simi-
lar results have been reported for other non-IPF fibrotic 
ILDs with telomere shortening such as hypersensitivity 
pneumonitis, unclassifiable ILD, interstitial pneumoni-
tis with autoimmune features (IPAF) and CTD-ILD [23, 
24]. Genetic factors of FPF have already been extensively 
described [16, 25]. 

Despite increasing evidence of the impact of family 
history and the genetic component of the disease, rec-
ommendations for clinical practice diagnosis are just 
starting to emerge. These issues are only discussed in the 
most recent guidelines as future directions to improve 
patient diagnosis and management [6, 26]. To assist in 
the differential diagnosis of fibrotic ILDs; and in the man-
agement and prognosis prediction of patients, we aimed 
to evaluate the relevance of familial aggregation and telo-
mere dysfunction in predicting the UIP histological pat-
tern and progressive fibrotic disease.

Methods
The primary outcomes were the presence of a UIP histo-
pathological pattern and progressive fibrotic disease.

This retrospective observational study included 222 
consecutive newly diagnosed patients with fibrotic ILD at 
the ILD Unit of Bellvitge University Hospital (HUB), in 
L’Hospitalet de Llobregat, from January 2015 to Decem-
ber 2019. An ILD was considered fibrotic when presented 
with features of diffuse fibrosing lung disease of > 10% 
extent on an HRCT scan [27]. ILD diagnoses and classifi-
cations were made according to the most recent IPF and 
ILD guidelines [6, 15, 28]. Four patients were excluded 
because of a non-ILD diagnosis. The Ethics Committee 
of HUB approved the study (PR307/16), and all patients 
provided written informed consent before inclusion, 
including written informed consent for genetic testing if 
needed. Clinical data were recorded at the time of patient 
inclusion. Patients were split into sporadic and familial 
groups depending on the existence of at least 2 cases of 
fibrotic ILD in the same family, resulting in 118 patients 
in the sporadic group and 104 patients in the familial 
group [15, 18]. A flow chart of the study cohort composi-
tion is available in Fig. 1.

Conclusion Considering the diagnostic likelihood of the histological UIP pattern and disease outcome, the presence 
of family aggregation would be useful in the decision making of multidisciplinary committees.
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Clinical features, including extrapulmonary manifes-
tations of telomere shortening and family history, were 
recorded [29, 30]. Pulmonary function test (PFT) results 
were collected and both the FVC and hemoglobin-
adjusted diffusing capacity for carbon monoxide (DLCO) 
were collected at diagnosis and annually during follow-
up. Changes were evaluated based on the values at diag-
nosis and one year after diagnosis. Radiologic fibrotic 
signs were visually semiquantified by two independent 
expert radiologists, who compared the diagnostic HRCT 
with a second HRCT (obtained 24 months after diagno-
sis or closest available). The need for transplantation or 
death at any point in follow-up was noted, and an exten-
sive case review was performed. Lung biopsy was per-
formed when required for a final diagnosis based on ATS/
ERS guidelines or multidisciplinary committee consen-
sus, through transbronchial cryobiopsy or video-assisted 
thoracic surgery (VATS). HRCT and histopathologi-
cal pattern definitions were reviewed by the multidisci-
plinary committee at the time of diagnosis, according to 
the IPF guidelines in place [15, 28, 31]. Fibrotic progres-
sion was considered when the FVC decline was ≥ 10% 
of the predicted value (without any other explanation) 
1 year after the diagnosis or an increase in the extent of 
chest HRCT fibrotic signs on the follow-up HRCT, the 
need for a lung transplant or death due to respiratory dis-
ease [4, 5, 8, 32]. 

DNA samples were isolated from mouth epithelial cells 
and peripheral blood mononuclear cells with commercial 
kits (Isohelix, Cell Projects Ltd) as previously described 
[22]. Telomere length was assessed first by quantitative 
polymerase chain reaction (qPCR) and, when needed, 

by Southern blot analysis of terminal restriction frag-
ment lengths (TRFLs) [22]. The ratio of telomere repeat 
copy number to that of the single-copy gene 36B4 was 
determined and compared with that of a reference DNA 
sample. Age-adjustment was made by calculating the 
z-score as previously described [22]. A telomere shorten-
ing was defined by a z-score < 25th percentile, and severe 
telomere shortening was considered when it was < 10th 
percentile. TRG sequence variants were identified by 
panel sequencing or whole-exome sequencing in patients 
without any identified variant of interest and high sus-
picion of a genetic cause (strong family aggregation and 
inheritance or clear clinical conditions associated with 
telomere dysfunction and severe telomere attrition). The 
whole-exome sequencing procedure was conducted as 
described previously [33]. Relevant genetic variants, des-
ignated disease-associated variants (DAVs), encompassed 
those classified as pathogenic, likely pathogenic or vari-
ants of uncertain significance possibly associated with 
diseases identified in the TERT, TERC, PARN, DKC1 or 
RTEL1 genes [34, 35]. 

A summary of the relevant collected variables was 
completed with basic descriptive statistics, using either 
proportions for qualitative variables or the arithmetic 
mean and standard deviation for quantitative variables, 
calculated for overall, the familial group and the spo-
radic group. P values of differences between these cat-
egories for quantitative variables were calculated using 
independent samples t-test (or paired sample t-test) if 
both assumptions of homogeneity of variances (with Lev-
ene’s test) and normality (Shapiro-Wilk test, and Q-Q 
plot) were met. Otherwise, Mann-Whitney U test was 

Fig. 1 Flow chart of grouping based on final diagnosis
IPF: idiopathic pulmonary fibrosis, fHP: fibrotic hypersensitivity pneumonitis, uILD: unclassifiable interstitial lung disease, CPFE: combined pulmonary 
fibrosis and emphysema, SRIF: smoking-related interstitial fibrosis, CTD-ILD: connective tissue disease associated interstitial lung disease. Other include 
ANCA-associated vasculitis, cocaine-induced pulmonary fibrosis, stage IV sarcoidosis, fibrotic non-specific interstitial pneumonia, radiotherapy induced 
pulmonary-fibrosis, interstitial pneumonia with autoimmune features and pleuroparenchymal fibroelastosis
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employed for independent samples. For differences in 
proportions, the independent samples chi-square test of 
association was used, unless expected frequencies in at 
least one level of the variable were less than 5, for which 
Fisher’s exact test was used.

A binomial logistic regression model was built to adjust 
for potential confounding among three primary variables 
of interest, which showed significant statistical differ-
ences in the univariate analysis. A computed binary cat-
egorical variable, “progressive disease”, was created to 
match the definition of fibrotic progression previously 
described. The pattern on biopsy was simplified into a 
binary categorical variable, regrouping “consistent UIP” 
and “probable UIP” into “UIP” and others into “non-UIP” 
[6]. For the binomial logistic regression model, telomere 
shortening was transformed into a binary categorical 
variable, with a 25% cut-off, since telomere length < 10th 
percentile is usually associated with the presence of 
disease-associated TRG variants (pathogenic, probably 
pathogenic, or uncertain significance favouring pathoge-
nicity), but some of them are not associated with severe 
shortening [25]. 

P values < 0.05 were regarded as statistically significant. 
The magnitude of the difference in proportions was pro-
vided as odds ratios (ORs) and 95% confidence intervals 
(CIs).

Results
A summary of patient characteristics is available in 
Table  1. Familial patients were younger (p < 0.001) and 
presented fewer comorbidities and smoking history 
(p < 0.001). Despite a male sex predominance in both 
groups, the female frequency was higher among famil-
ial cases (p = 0.037). A significantly greater percentage 
of sporadic had probable or confident UIP radiological 
patterns (p < 0.001). Familial patients were more likely 
to have telomere shortening (p < 0.001), extrapulmo-
nary disease manifestations (p < 0.001), blood count 
abnormalities at diagnosis (p < 0.001), liver abnormali-
ties (p < 0.001), to require a multidisciplinary committee 
diagnostic approach (p = 0.025) and to carry a disease-
associated TRG variant (p < 0.001). There were no signifi-
cant differences in the occurrence of lung cancer or other 
cancers. The FVC and DLCO at diagnosis, as well as the 
proportion of patients who received antifibrotic drugs 
or prednisone, were similar. More IPF patients were 
included in the sporadic group (p < 0.001). Most spo-
radic IPF patients (88.6%) exhibited a probable or consis-
tent UIP HRCT pattern, while only 38.6% of familial IPF 
patients exhibited this pattern. Patients who experienced 
worsening of radiological fibrosis after two years were 
more likely to be in the familial group (OR 3.41, 95% CI 
1.86–6.24; p < 0.001).

There were no statistically significant differences in the 
frequency of biopsies obtained through VATS or trans-
bronchial cryobiopsy (p = 0.863). A histological pattern 
of UIP (including both UIP and probable UIP) was more 
frequently present in the familial group (OR 3.37, 95% CI 
1.44–7.91; p = 0.005). When restricted to patients with 
radiologically indeterminate UIP or non-UIP patterns 
on HRCT, this difference was greater (OR 5.11, 95% CI 
1.88–13.93; p = 0.001). All patients with an indeterminate 
UIP pattern on HRCT showed a UIP pattern on biopsy. 
Among those with a non-UIP radiological pattern, famil-
ial patients were more likely to have a UIP histological 
pattern (OR 10.67; 95% CI 2.66–42.83; p < 0.001). The 
results are described in Table 2.

Familial patients were more likely to present with pro-
gressive pulmonary fibrosis (OR 4.53, 95% CI 2.51–8.18; 
p < 0.001) and to require lung transplantation (OR 2.51, 
95% CI 1.15–5.48; p = 0.018). No statistically significant 
difference in mortality was found between the groups 
(Table 3). The presence of telomere shortening was asso-
ciated with fibrotic progression (OR 2.59, 95% CI 1.29–
5.18; p = 0.007), as was the presence of TRG variants (OR 
4.01, 95% CI 2.11–7.62; p < 0.001), see Supplementary 
Table 1. The frequencies of progressive fibrotic disease 
depending on the entity are available in Supplementary 
Table 2.

The binomial logistic regression shows the adjusted 
ORs for the three statistically significant variables in 
determining a progressive fibrotic disease: familial or 
sporadic, telomere shortening < 25th percentile, and car-
rying TRG variants; see Table 4.

There was a statistically significant difference in the 
proportion of patients with progressive disease between 
familial and sporadic patients (adjusted OR 3.75, 95% CI 
1.68–8.38; p = 0.001) and between patients who were car-
riers of a genetic variant of interest (adjusted OR 5.01, 
95% CI 1.17–21.36; p = 0.029), but there was no statisti-
cally significant difference in the proportion of patients 
with telomere shortening < 25th percentile (OR 0.47, 
95% CI 0.11–2.04; p = 0.311). A graphic representation of 
these results, with numeric detail, is available through the 
estimated marginal means presented in Fig. 2; Table 5.

Discussion
Our study suggests that the presence of familial aggrega-
tion in patients with fibrotic ILDs increases the likelihood 
of a histological UIP pattern, which is especially relevant 
in patients with indeterminate or non-UIP HRCT pat-
terns, even with a higher number of sporadic patients 
with an IPF diagnosis. Furthermore, despite the lower 
percentage of IPF patients, familial patients exhibited a 
greater risk of fibrotic progression, particularly compared 
with sporadic patients without TRG variants.
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Overall
n = 222

Familial
n = 104

Sporadic
n = 118

P value

Age at diagnosis (years) 66.5 ± 10.0 63.2 ± 11.2 69.4 ± 7.9 < 0.001u

Gender (Female) 62 (28) 36 (35) 26 (22) 0.037χ

Comorbidities (Yes) 164 (74) 60 (58) 104 (88) < 0.001χ

Smoking history (Yes) 130 (59) 47 (45) 83 (70) < 0.001χ

Antifibrotic drugs (Yes) 130 (59) 60 (58) 70 (59) 0.806χ

Prednisone (Yes) 80 (36) 43 (41) 37 (31) 0.122χ

Idiopathic pulmonary fibrosis 122 (55) 44 (42) 78 (66) < 0.001χ

Radiological Pattern n = 221 n = 104 n = 117 < 0.001χ

 Non-UIP 86 (39) 52 (50) 34 (29)
 Indeterminate UIP 27 (12) 21 (20) 6 (5)
 Probable UIP 63 (29) 12 (12) 51 (44)
 UIP 45 (20) 19 (18) 26 (22)
Relative Telomere Length n = 149 n = 102 n = 47 -
 p75-p100 1 (1) 1 (1) 0 (0)
 p50-75 18 (12) 13 (13) 5 (11)
 p25-50 45 (30) 18 (18) 27 (57)
 <p25 43 (29) 34 (33) 9 (19)
 <p10 17 (11) 15 (15) 2 (4)
 <p1 25 (17) 21 (20) 4 (9)
Telomere shortening < p25 (Yes) 85 (57) 70 (69) 15 (32) < 0.001χ

Pathology Pattern n = 94 n = 41 n = 53 -
 UIP 32 (34) 18 (44) 14 (26)
 Probable UIP 12 (13) 8 (20) 4 (8)
 Non-UIP 50 (53) 15 (36) 35 (66)
Associated lung cancer (Yes) n = 219 n = 104 n = 115 0.314f

9 (4) 6 (6) 3 (3)
Other cancer (Yes) n = 219 n = 104 n = 115 0.634χ

23 (10) 12 (12) 11 (10)
Telomere-related extrapulmonary manifestations (Yes) n = 221 n = 104 n = 117 < 0.001χ

59 (27) 43 (41) 16 (14)
Blood count abnormality at diagnosis (Yes) n = 218 n = 103 n = 115 < 0.001χ

55 (25) 43 (42) 12 (10)
Anaemia (Yes) n = 219 n = 104 n = 115 0.015χ

24 (11) 17 (16) 7 (6)
Thrombocytopenia (Yes) n = 220 n = 104 n = 118 0.021χ

16 (7) 12 (12) 4 (3)
Liver abnormality at diagnosis (Yes) n = 220 n = 104 n = 116 < 0.001χ

59 (27) 43 (41) 16 (14)
Pulmonary Function Tests
 FVC (L) at diagnosis n = 215 n = 102 n = 113 0.633t

2.82 ± 0.88 2.85 ± 0.98 2.79 ± 0.784
 FVC (%) at diagnosis n = 214 n = 102 n = 112 0.147t

84.2 ± 20.1 86.3 ± 21.6 82.3 ± 18.4
 DLCO (%) at diagnosis n = 213 n = 101 n = 112 0.726t

59.4 ± 22.2 60.0 ± 22.5 58.9 ± 22.1
Multidisciplinary committee (Yes) n = 222 n = 104 n = 118 0.025χ

187 (83) 94 (90) 93 (79)
Telomere-related gene variants (Yes) n = 182 n = 103 n = 79 < 0.001χ

83 (46) 66 (64) 17 (22)

Table 1 Baseline characteristics of patients
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Table 2 Unadjusted outcomes of pathology pattern differences
Overall
N = 222

Familial
N = 104

Sporadic
N = 118

p OR 95%CI

Overall population n = 94 n = 41 n = 53
 UIP
 Non-UIP

44 (47)
50 (53)

26 (63)
15 (37)

18 (34)
35 (66)

0.005χ 3.37 1.44–7.91

iUIP and non-UIP on HRCT n = 74 n = 37 n = 37
 UIP
 Non-UIP

32 (43)
42 (57)

23 (62)
14 (38)

9 (24)
28 (76)

0.001χ 5.11 1.88–13.93

non-UIP on HRCT n = 61 n = 30 n = 31
 UIP
 Non-UIP

19 (31)
42 (69)

16 (53)
14 (47)

3 (10)
28 (90)

< 0.001χ 10.67 2.66 − 42.83

The results are given with N (%) if categorical. χchi-square. OR odds ratio. 95% CI 95% confidence interval. Probable UIP and UIP are included in UIP. iUIP indeterminate 
UIP

Table 3 Unadjusted outcomes of relevant clinical status
Overall
N = 222

Familial
N = 104

Sporadic
N = 118

P value OR 95%CI

Progressive disease (Yes) n = 204
96 (47)

n = 93
62 (67)

n = 111
34 (31)

< 0.001χ 4.53 2.51–8.18

FVC (%) change n = 204
-2.07 ± 12.1

n = 95
-3.24 ± 15.9

n = 109
-1.05 ± 7.08

0.116u - -

DLCO (%) change n = 198
-2.55 ± 10.6

n = 92
-2.70 ± 12.0

n = 106
-2.00 ± 9.26

0.524u - -

FVC (L) change n = 204
-0.095 ± 0.31

n = 95
-0.12 ± 0.39

n = 109
-0.072 ± 0.22

0.134u - -

Lung transplantation (Yes) n = 218
33 (15)

n = 104
22 (21)

n = 114
11 (10)

0.018χ 2.51 1.15–5.48

Death (Yes) n = 216
43 (20)

n = 104
24 (23)

n = 112
19 (17)

0.261χ 1.47 0.75–2.88

Radiological Worsening 2y
 Yes
 No

n = 207
69 (33)
138 (67)

n = 94
45 (48)
49 (52)

n = 113
24 (21)
89 (79)

< 0.001X 3.41 1.86–6.24

Results are presented as the means ± standard deviations if numerical and as N (%) if categorical. uMann-Whitney U, χChi-Square. OR odds ratio. 95%CI 95% confidence 
interval

Table 4 Binomial logistic regression: progressive disease, family history and carrier of DAV
Predictor Z P value OR 95%CI
Familial or Sporadic:
 Familial – Sporadic

3.22 < 0.001 3.75 1.68–8.38

Telomere Shortening < 25
 Yes – No

-1.01 0.311 0.47 0.11–2.04

Carrier of TRG variant:
 Yes – No

2.18 0.029 5.01 1.17–21.36

The estimates represent the log odds of “progressive disease = yes” vs. “progressive disease = no”. Z value = estimate/ standard error. OR adjusted odds ratio. 95% CI 
95% confidence interval. Reference levels in the model were set to not progressive, sporadic, no telomere shortening and no genetic variant of interest

Overall
n = 222

Familial
n = 104

Sporadic
n = 118

P value

Family History -
 1st degree relative (Yes) - 98 (94) -
 2nd degree relative (Yes) - 18 (17) -
 More than 1 relative (Yes) - 49 (47) -
The results are given with 3 decimals: mean ± standard deviation if numerical and n (%) if categorical. tt-test, uMann-Whitney U test, χchi-square test, fFisher’s exact 
test

Table 1 (continued) 
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IPF diagnosis remains challenging for patients with 
indeterminate and non-UIP patterns on HRCT or those 
without a clinical context (mainly in young adults). 
Chung et al. reported that only 55% of indeterminate 
UIP and 60% of non-UIP HRCT patterns correlated with 
histological UIP [13]. Therefore, the likelihood of an IPF 
diagnosis in fibrotic ILD patients with indeterminate or 
non-UIP HRCT patterns is lower than 70%, and a lung 
biopsy is recommended. However, previous studies ana-
lysing the UIP HRCT-histological correlation did not 
consider family history [13]. Based on our findings, fam-
ily aggregation increases the probability of histological 
UIP. The inclusion of family history in the analysis of IPF 
likelihood based on the HRCT radiological pattern could 
optimize lung biopsy decision-making.

Similar to previous reports, familial IPF cases showed 
clinical peculiarities compared with sporadic IPF cases, 
including a younger age at onset, frequent indeterminate 
or non-UIP HRCT at diagnosis, and a lower prevalence 
of male patients and individuals with a smoking history 
[19, 36]. The younger age at diagnosis in familial IPF 

patients could be due to the effect of genetic anticipa-
tion. This could also be explained by the earlier referral 
for diagnosis due to family history and patient aware-
ness [36]. Interestingly, sporadic patients who were carri-
ers of a disease-associated gene variant had a similar age 
at diagnosis and risk for fibrotic progression as familial 
patients without a detected genetic variant. Therefore, 
incorporating the use of genetic tests in sporadic fibrotic 
ILD patients with clinical suspicion of a genetic com-
ponent could identify the first potential “familial” case, 
and the inheritance context would be relevant for the 
relatives.

Before the establishment of the PPF guidelines, no clear 
definition of progressive fibrotic disease was established 
[4–6, 8, 29, 32]. The INBUILD trial criteria considered 
clinical worsening, FVC decline, and HRCT fibrotic 
changes within 24 months before screening, similar to 
the criteria identified by Hambly et al., while other stud-
ies also considered DLCO decline, among other criteria 
[4, 5, 8, 32]. This study employed criteria for progression 
similar to those previously reported, with the inclusion of 

Table 5 Probability of progressive disease, according to the logistic regression model
ILD form Carrier of DAV Probability SE 95% CI
Sporadic No 0.184 0.077 0.08–0.38
Sporadic Yes 0.531 0.118 0.31–0.74
Familial No 0.459 0.105 0.27–0.66
Familial Yes 0.809 0.070 0.63–0.91
DAV: Disease-associated gene variant, SE: standard error 95% CI 95% confidence interval

Fig. 2 Estimated marginal means of the probability of progressive disease
Estimated marginal means of the probability of progressive disease according to familial vs. sporadic and carrying a disease-associated gene variant yes/
no based on the binomial logistic regression model, with 95% confidence intervals of the probability and the numeric values. SE standard error 95% CI 
95% confidence interval
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death and lung transplant. Although no predictive factors 
for PPF at ILD diagnosis have been validated, the type of 
ILD could be associated with a greater risk of progres-
sion. Similar to previous results, the proportions of PPF 
in patients with CPFE, fHP, CTD-ILD, and uILD were 
greater [32]. Interestingly, our cohort also included famil-
ial PPF patients with SRIF, fibrotic sarcoidosis, and other 
ILDs previously considered to be at lower risk for fibrotic 
progression [32]. Furthermore, for fHP, the proportion of 
patients with PPF in the familial cohort was three times 
greater than that in the sporadic cohort. Therefore, our 
results suggest that family history may be informative 
when assessing the risk of progression at diagnosis for a 
wide variety of patients with fibrotic ILD.

Cutting et al. reported a statistically significant increase 
in the short- and long-term risk of death or transplanta-
tion in familial IPF and non-IPF patients compared with 
sporadic patients [19]. However, other factors analysed in 
our study, such as the presence of the UIP patterns, the 
FVC (%) at diagnosis, and the presence of TRG variants, 
may impact patient prognosis [12]. A significantly greater 
proportion of probable or consistent UIP HRCT pat-
terns was found in sporadic IPF and fHP patients, but the 
prevalence of fibrotic progression and lung transplanta-
tion was greater among familial cases with the same diag-
nosis. Finally, a few different genetic variants have been 
associated with a worse prognosis [37]. FPF patients with 
no identified gene variants of interest also had a worse 
prognosis than sporadic patients without such a genetic 
component, probably due to the challenge in identifying 
relevant gene variants even in patients with strong famil-
ial aggregation. Our study revealed a high percentage of 
disease-associated TRG variants, probably due to differ-
ent factors. Since PARN variants are not always associ-
ated with severe telomere shortening, TRG variants were 
analysed when the percentile of telomere length was 
< 25th and not only in those with a percentile < 10th [25]. 
Moreover, some patients with phenotypical suspicion 
of pathogenic genetic inheritance were tested despite 
having no telomeric attrition. Since genetic studies are 
currently available only in a minority of ILD centres 
worldwide, the clinical information of family aggrega-
tion could be more broadly and easily included in clinical 
practice than genetic testing.

In recent years, clinical trials have been performed to 
evaluate the efficacy of antifibrotic drugs in treating PF-
ILD [8, 9]. No randomized clinical trials have directly 
assessed the response of patients with FPF to pharma-
cological treatment. Several retrospective and post-hoc 
analyses have evaluated the antifibrotic effect of pirfeni-
done or nintedanib in patients with familial aggregation 
and/or genetic variants [38–40]. Studies have shown a 
worsening pulmonary function without treatment and 
have shown an inhibitory effect of antifibrotic drugs 

[38–40]. Therefore, early treatment in patients with non-
IPF FPF could be considered in future settings and clini-
cal trials to slow the disease from earlier stages rather 
than waiting to meet the PPF criteria [8, 9]. However, evi-
dence is still limited, clinical trials are scarce, and addi-
tional therapies would be helpful in both familial IPF and 
PPF [41]. 

Some limitations of the present work are intrinsic 
to the observational and retrospective nature of this 
study [42]. However, a relatively large number of newly 
diagnosed patients with a variety of fibrotic ILDs were 
included, and confounding bias was partially limited by 
the logistic regression model. The familial fibrotic ILD 
group exhibited greater diversity of pulmonary diseases 
than did the sporadic group, which may be attributed to 
differences in referral patterns for sporadic versus famil-
ial patients, as all kind of patients with familial ILD may 
be more likely to be referred to our tertiary centre. Some 
of the diagnoses absent in the sporadic group, such as 
CTD-ILD, do not typically require biopsies, which should 
minimize their impact on the biopsy findings. Since our 
goal was not to develop a full predictive model, the logis-
tic regression model was built using only three variables 
of interest with statistically significant differences in the 
univariate analysis. Further works could look into build-
ing a full predictive model with all relevant variables and 
possible confounders in fibrotic ILDs and validate it in a 
different cohort. Environmental factors have been linked 
to the development of fibrotic-ILDs, and these factors 
can vary among populations and countries at various lev-
els, which may reduce the generalizability of the results 
[1]. However, genetic variants, which are strongly asso-
ciated with the development of fibrotic-ILDs, were also 
considered in this study [1]. More studies are needed to 
confirm this findings in different populations.

Conclusion
Fibrotic ILD patients with family aggregation that pres-
ent indeterminate UIP or non-UIP patterns on HRCT 
are more likely to show UIP patterns on lung biopsy than 
sporadic fibrotic ILD patients. Additionally, patients with 
familial aggregation and/or disease-associated TRG vari-
ants are at a significantly greater risk of disease progres-
sion. These results suggest that family history and genetic 
testing could be considered by the multidisciplinary com-
mittee in the diagnostic approach and in predicting the 
probability of fibrotic progression.
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