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Abstract

English:

Interstitial lung diseases (ILDs) comprise a large number of different diseases, some of the patients having a progressive evolu-
tion toward irreversible fibrosis. The aim of this study is to identify baseline clinical, functional, and imaging characteristics at the
date of the diagnosis, that could predict the evolution toward fibrosis.

This is a retrospective descriptive study that included 126 patients diagnosed and followed-up in Department 5 of the Institute of
Pneumophtisiology “Marius Nasta” Bucharest between 2014 and 2022.

The authors recorded baseline demographics, symptoms, lung function tests (forced vital capacity — FVC and diffusion capacity —
DLCO), high resolution CT (HRCT) imaging features. Patients were followed-up at 6 and 12 months. According to decline in lung
function or imaging worsening, patients were divided in2 groups: progressors (60 patients) and non-progressors (26 patients).
Baseline characteristics of the 2 groups were compared.

Results: There is an important delay since onset of symptoms to diagnosis (a mean of 17 months). Lower baseline FVC, smoking
history, presence of traction bronchiectasis and/or honeycombing and male gender were associated to progressive lung fibrosis.
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Caracteristicile initiale ale pacientilor cu pneumopatii
interstitiale difuze ca predictori ai evolutiei progresive:
un studiu in viata reala

Rezumat

Romanian:

Pneumopatiile interstitiale difuze include un numéar mare de boli diferite, o parte dintre pacienti avand o evolutie progresiva spre
fibroza pulmonara ireversibild. Scopula cestui studio este de a identifica traséturile clinice, functionale si imagistice de la data
diagnosticului care ar putea prezice evolutia catre fibroza.

Acesta este un studiu retrospectiv descriptiv care a inclus 126 de pacienti diagnosticati si urmariti in Sectia 5 a Institutului de
Pneumotftiziologie Marius Nasta Bucuresti intre 2014 si 2020.

Autorii au inregistrat urméatoarele informatii initiale: date demografice, simptome, teste functionale respiratoria (capacitate vitald
fortatd — FVC si capacitatea de difuziune — DLCO), caracterele imagistice pe tomografia computerizata cu inaltd rezolutie
(HRCT). Pacientii au fost urmdriti la 6 si 12 luni. In functie de declinul parametrilor functionali sau de agravarea imagistica, au
fost impartiti in doud grupuri: cu progresie (60 de pacienti) si fara progresie (26 de pacienti). Au fost comparate caracteristicile
initiale ale celor doué grupuri.

Rezultate: exista o intérziere importanta de la debutul simptomelor pana la data diagnosticului (0 medie de 17 luni). FVC initiala
mai scazuta, istoricul de fumat, prezenta bronsiolectaziilor de tractiune si/sau fagurele de miere si sexul masculine au fost as-
sociate cu evolutie fibrozanta progresiva.

Cuvinte-cheie
fibroz& pulmonara progresiva « tomografie computerizata cu inalté rezolutie * declinul functiei pulmonare * bronsiolectazii de
tractiune, fagire de miere
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Introduction

Interstitial lung diseases (ILDs) are a large group of diseases
sharing the diffuse involvement of lung parenchima and
in some cases evolution toward pulmonary fibrosis. The
classification of ILDs evolved over time, currently being
classified as idiopathic, induced by external agents, lung
involvement associated to systemic diseases, granulomatosis
and others (1,2). Idiopathic pulmonary fibrosis (IPF) continues
to be considered the most prevalent among idiopathic ILDs
and, due to constant progression, bearing the worst prognosis,
with a life expectancy of 3-5 years in the absence of antifibrotic
treatment (3). The observation that in each group of diseases
a subgroup of patients will develop pulmonary fibrosis,
despite etiologic diagnosis and accurate treatment, led to the
development of the concept of progressive pulmonary fibrosis
(PPF) (4). This is not a distinctive disease, but a phenotype
within particular ILDs, in which the initial inflammatory process
is followed by a chain of events leading to development of
fibrotic tissue in the lung parenchima (5). It has already been
proven that patients with non-IPF ILDs with a progressive
evolution benefit from antifibrotic treatment in a similar way
to IPF patients (6). Nintedanib was approved for treatment of
non-IPF PPF since 2020 in Europe, and since March 2022
also in Romania (7).

In the current therapy guidelines, the criteria for starting an
antifibrotic treatment in patients with fibrotic non-IPF ILDs are
based on evidence of progression despite optimal therapy of
the underlying condition (7). This implies a clinical observation
of several months, up to 2 years, including follow-up lung
function testing and high resolution CT scans, to prove that
the patient is worsening (7).

As much as it is common sense that one cannot start an
expensive, reimbursed treatment, that has as unique outcome
the slowing of progression (and not an improvement of a
measurable parameter) without having the proof of previous
deterioration, it could be discussed that from an ethical point
of view it may not be fair for the physician to just sit and watch
the patient deteriorate before deciding to start a treatment
that would prevent exactly the observed outcome. In this
perspective, there is need for early markers for progression, to
be searched for at the very moment of the diagnosis, allowing
to start an antifibrotic treatment before the worsening of the
dyspnea and quality of life.

Several markers for progression were described, the best
known being the polymorphism of MUCS5B promoter gene,
associated to IPF, or the composite parameters including
lung function measurement (8,9,10). Still, for clinical practice
purposes, it would be much more useful to identify features
that are currently assessed in daily routine, that could indicate
early the risk for progression in ILD patients, with a special
focus on HRCT findings (11,12).

The current paper addresses the identification of early
markers for progression in ILDs in a real-life setting.

Objective. The current study aims to identify the clinical,
functional and imaging features identified at the moment of
ILD diagnosis that could be related to progression of fibrosis.

Materials and methods

This is a retrospective descriptive cohort study, analyzing
the information collected in patients diagnosed with
ILD in Pulmonology 5 Department of the Institute of
Pneumophthysiology “Marius Nasta” Bucharest between
2014 and 2022. Sarcoidosis patients were not included. Data
was collected from the patient files (medical history, lung
function tests, laboratory data) and HRCT imaging, from the
hospital database. The following parameters were collected:

- Demographics: gender, age;

- History: smoking status, allergen exposure, medical history.

- Signs and symptoms: dyspnea, cough, extrathoracic
symptoms (fever, arthralgia, fatigue, skin changes, weight
loss), and the duration of symptoms (in months).

- Lung function tests: forced vital capacity (FVC) and
diffusion capacity (DLCO) at baseline and at follow-up.

- HRCT imaging: the pattern, distribution and extent of
changes were evaluated at baseline and follow-up.

- Laboratory tests: angiotensin-converting enzyme,
hemoglobin, antibodies.

- Initial diagnosis (at baseline) and final diagnosis (if changed
during follow-up).

For the description of thoracic HRCT patterns, the following

characteristics were used:

- Inflammatory pattern: predominance of ground-glass
opacities, cranio-caudal distribution.

- Reticular pattern: predominance of reticular opacities.

- Probable UIP pattern: predominance of linear and reticular
opacities and traction bronchiectasis, with subpleural and
inferior distribution.

- Typical UIP pattern: presence of honeycombing, besides
reticular opacities and traction bronchiectasis, with
subpleural and inferior distribution.

- Nodular pattern: predominance of nodular opacities.

As many patients displayed several types of imaging changes,
with a mixture of lesions in the same patient, we evaluated the
percentage of extension of each type of lesion (ground-glass,
traction bronchiectasis, honeycombing, nodules, reticulation),
to assess the evolution of these changes at follow-up.
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For the extension of lesions on HRCT we used 3 categories:
group A — lesions occupying between 1 and 24% of lung
surface, group B — between 25 and 40%, and group C —
between 41 and 100%.

Data were collected at baseline (at the time of initial
diagnosis) and at follow-up after 6 months and 1 year. After
initial diagnosis, all patients were recommended the treatment
considered optimal, according to guidelines. To note, this
study was conducted before the approval of prescription of
Nintedanib for non-IPF progressive pulmonary fibrosis in
Romania.

Data were included in an Excel 2016 database and analyzed.
For statistical analysis JASP programme was used.

Results

We analyzed 143 patients with suspected ILD. Only 126 were
diagnosed with ILD.

Baseline characteristics

Fifty-eight percent were female. Mean age was 61.7 years +/-
14.3 years (between 18 and 90 years). Most patients (87%)
were aged between 44 and 83 at the date of ILD diagnosis.
The initial ILD diagnosis was: IPF 18 patients (14.2%),
chronic hypersensitivity pneumonitis 30 patients (23.8%),
unclassifiable ILD 40 patients (31.7%), non-specific interstitial
pneumonia (NSIP) 11 patients (8.7%), ILD associated to
systemic diseases 16 patients (12.7%), and other diseases
(lymphangioleyomyomatosis and drug induced ILD) 11
patients (8.7%) (Figure 1).

Seventy-four patients didn’t have any allergen exposure, while
26 were exposed to birds, 17 to mold and 11 to other organic
substances (Figure 2).

Patients had several associated diseases: 39 patients (31%)
presented ischemic heart disease, 25 (20%) had diabetes
mellitus, 23 (18.2%) presented gastric reflux, 16 patients
(13%) associated pulmonary hypertension, 11 (8.7%)
presented osteoporosis.

Fifty-eight patients (46.03%) were current or former smokers.
Symptoms at presentation were dominated by dyspnea,
present in 98 patients (77.7%). It was considered moderate
or severe in 69 patients. Cough was present at baseline in 75
patients (59.52%).

Various non-respiratory symptoms were present in 63 patients
(49.6%): fatigue — 29 patients (22.83%), joint pain — 24
(18.89%), weight loss — 5 (3.93%), fever — 9 (7.08%), skin
changes — 7 patients (5.51%).

The duration of symptoms before the initial presentation
ranged between 1 and 60 months, with a mean of 17.2 months
+/- 6.3 months. Six patients were asymptomatic.
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Figure 1. Distribution of ILD diagnosis (number of patients).
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Figure 2. Exposure to allergens.

Lung function measurement showed a restrictive pattern in
most patients. Mean FVC was 73.29% +/- 18.62% of predicted
value. Mean DLCO was 43% +/- 21.77% of predicted.

From the 126 patients, for 82 the initial HRCT was available
for analysis.

The extent of ILD lesions at baseline was mild (group A) —
8 patients, moderate (group B) — 27 patients, and severe
(group C) — 47 patients.

The HRCT pattern was inflammatory (dominated by ground
glass opacities) — 26 patients, 22 — probable UIP, 6 — typical
UIP, 3 — reticular, 3 — combined inflammatory and fibrotic,
and 4 — nodular or cystic. Patients with extensive presence of
traction bronchiectasis (29 patients) were diagnosed with IPF
(10 patients), chronic HP (7 patients), scleroderma (4 patients),
and other diseases.

Follow-up

Patients were followed-up after 6 and 12 months, some of
them had recorded follow-up visits also for longer periods
(up to 3 years). From the initial group of 126 patients, 86
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presented for follow-up. Follow-up consisted in evaluation of
symptoms, lung function tests (spirometry and DLCO) and,
when available, HRCT.

For the whole group, the mean FVC remained at the same
percentage (73.29% +/- 20.56% of predicted value), while
mean DLCO decreased to 35.75% +/- 18.73% (Figure 3).
For the purpose of this study, progression of the disease was
defined as at least one of the following:

- Decline in FVC > 5% in 6-12 months

- Decline in DLCO > 5% in 6-12 months

- Radiological progression, defined as increase of the
percentage of overall ILD involvement, or by the occurance
or increase of the percentage of changes suggestive of
fibrosis (traction bronchectasis or honeycombing).

From the 86 patients evaluated at follow-up 60 (69.76%)
had progression (named group P, for progressors), and 26
(30.23%) showed improvement or were stable (named group
NP for non-progressors). In the progressors group, 26 had
decline in lung function parameters, 12 had progression on
HRCT, and 22 patients had both types of progression.
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Figure 3. Evolution of mean DLCO (% predicted) at 6 and 12
months follow-up.
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Figure 4. Comparison between baseline FVC in progressors and
Non-progressors groups.

The following baseline parameters were compared between
the 2 groups: 1. Baseline FVC, 2. Baseline DLCO, 3. Baseline
HRCT extension of lesions, 4. Baseline HRCT pattern, 5. Age,
6. Smoking status, 7. Gender.

1. FVC had a mean initial value of 73.29% +/- 18.62% of
predicted value. In group P the mean FVC was 72.4%,
while in group NP it was 78.9% (Figure 4 and Table 1), with
a difference of 5.5% in favor of non-progressors.

2. Regarding baseline DLCO, there was no significant
difference between the two groups (Table 2).

3. The extension of lesions on HRCT at baseline was
quantified in 3 groups: A: between 1 and 24% of lungs
surface, group B between 25 and 40%, and group C
between 41 and 100%. There was no significant difference
between group P (progressors) and group NP (no-
progressors) regarding the initial HRCT extension of ILD
lesions (Table 3).

4. The HRCT pattern at baseline didn’t show significant
differences between progressors and non-progressors. So,
in the non-progressors group there were: 10 patients with
inflammatory pattern, 6 with probable UIP, 2 with typical
UIP and 2 with reticular pattern, while in the progressors
group there were 16 patients with inflammatory pattern, 16
with probable UIP, 4 with typical UIP, 1 with reticulation and
4 with other changes (Figure 5).

We could note that inflammatory pattern is more frequent
in the non-progressors, and probable UIP more frequent in
progressors, but the small number of patients didn’t allow
a statistical comparison. Calculation of a relative risk of a
patient with INF pattern showed that INF pattern makes 1.46
times more probable a non-progressive evolution.

5. The analysis of age at baseline showed no difference
between group P and NP (Table 4).

Table 1. Comparison between baseline FVC in progressors and
non-progressors groups

Group No Mean SD SE Coefficient of
variation
FvVC NP 26 0.789 0.175 0.034 0.222
P 60 0.724 0.169 0.022 0.234

SD: standard deviation, SE: standard error, P: progressors, NP: non-
progressors

Independent T-test

t df P Mean SE Co- SE
difference Difference hen’s Cohen’s

d d

FVC 1.635 84 0.053 0.066 0.040 0.384 0.241
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Table 2. Comparison between baseline DLCO in progressors and
non-progressors group

Group No Mean SD SE Coefficient
of variation
DLCO NP 26 0.431 0.167 0.022 0.388
P 60 0.456 0.233 0.046 0.511
SD: standard deviation, SE: standard error, P: progressors,
NP: non-progressors
Independent T-Test
T Df p
DLCO 0.563 84 0.288

Table 3. Statistical comparison between group P and NP regarding
baseline HRCT extension

Extension
Pearson 0.098437
No. 86
T statistic 0.906597
DF 84
p 0.367213

Table 4. Comparison of age at baseline between P and NP groups

Group No Mean SD SE Coefficient
of variation
Age at NP 26 62.038 13.730 2.693 0.221
baseline 60 61733 14703  1.898 0.238
SD: standard deviation, SE: standard error
Independent samples T-Test
t df p
Age at baseline 0.090 84 0.464

Table 5. Smoking exposure in the progressors vs non-progressors
groups

Group No Mean SD SE Coefficient of
variation
Packs/year NP 26 7.308 12.667 2.484 1.733
P 60 13.383  16.647 2.149 1.244
SD: standard deviation, SE: standard error
Independent samples T-Test
t df p
Packs/year -1.662 84 0.050

6. We analyzed the influence of the smoking status on the
evolution of the disease. In the progressors group there
were 29 active or former smokers (48.33%), while in the
non-progressors group there were 8 active or former
smokers (30.76%). Also the mean exposure, expressed as
packs/year, was 13.8 +/- 16.4 in the P group, and 7.3 +/-
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Figure 5. Baseline distribution of HRCT pattern in progressors vs
NonN-progressors.

P: progressors, NP: non-progressors, INF: inflammatory pattern,
RET: reticular pattern, PUIP: probable UIP, UIP: typical UIP.

12.6 in the NP group. There is a significant difference in the
smoking exposure, with a higher exposure in progressors
(Table 5).

7. We compared the evolution of the disease in male and
female patients. In male patients progression was noted
more frequently than in women (76.3% vs 64.5%),
still there is no significant difference related to gender
(p>0.05).

The follow-up of ILD patients allowed the change of the
initial diagnosis, as new data were becoming available. The
diagnosis was changed at follow-up in 28 patients. Among
them 16 had initial diagnosis of unclassifiable disease, and
7 — chronic hypersensitivity pneumonitis. New diagnosis
was: IPF in 13 patients, NSIP in 6, chronic hypersensitivity
pneumonitis in 5, one with systemic disease, and 3 — other
diagnosis.

Discussion

This study aimed to analyze retrospectively the patients
diagnosed with various ILD over 8 years in a tertiary
pulmonology clinic, and to try to identify baseline features that
may predict the progressive evolution toward fibrosis. There
are previous reports addressing this topic (13,14,15).

In our group, we observed a high percentage of patients with
unclassifiable ILD (31.7%), which is higher than the usual
statistics. This may be due to the limited experience of the
multidisciplinary team in our center, and to limited use of
lung biopsy for diagnosis. Anyway, more than half of these
patients had a change of the initial diagnosis based on the
newly acquired information at follow-up, allowing a better
management of the patients.
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In patients diagnosed with hypersensitivity pneumonitis, only
74% had identified exposures. For the others, the diagnosis was
based on HRCT pattern and broncho-alveolar lavage findings.
The duration of symptoms before having a diagnosis is high, with
amean of 17.2 months +/- 6.3 months. This is in accordance with
other published data, reflecting the general delay of diagnosis
in ILDs (16). In our group, 61.9% of patients presented with
moderate or severe dyspnea at baseline, indicating an already
severe disease. This is supported also by the high percentage
of patients having extensive lesions on HRCT, over 40% of the
lung surface (57.3% of all patients). Only 8 patients presented
with limited extension of the disease (less than 24% of lung
surface). These findings suggest that typically patients have a
late diagnosis of ILD after the onset of symptoms.

The comparison of baseline characteristics of the patients
who progressed at follow-up, versus the patients who were
stable or improved showed some interesting findings. The
baseline forced vital capacity was lower in the progressors
group (a difference of 5.5%, p = 0.053), at the limit of statistical
significance. No difference was noted between the two groups
in the mean baseline DLCO value. This should suggest that
FVC is a more reliable parameter to predict the evolution than
initial DLCO. The DLCO measurement is influenced by many
factors, making it a “noisy” parameter.

We couldn’t find a correlation between the extent of HRCT
ILD involvement and the progression of the disease, with
a difference between groups with p = 0.36. This could be
explained by the fact that inflammatory pattern consists
mainly of extensive ground glass opacities, that counts to an
important percentage of lung surface involvement, but also
may reside and improve with treatment. On the other hand,
fibrotic lesions can occupy smaller surfaces of the lung, but
will have the tendency to progress.

Regarding the HRCT pattern, there was a higher prevalence
of typical UIP pattern and probable UIP pattern in patient with
progression as compared to the non-progressors. It seems
that the presence of traction bronchiectasis at baseline, no
matter the underlying diagnosis, may be associated to a
future progression and further development of fibrosis. We
can consider that not the extension of the lesions, but the type
of lesions seen on HRCT are more important for predicting the
future evolution.

Anyway, due to the small number of cases analyzed, it is
not possible to quantify a specific pattern that predicts this
evolution. We only calculated the relative risk (RR), as the
ratio between the probability of a patient with inflammatory
pattern to have a progression. RR was 1.46, meaning that a
patient with an inflammatory pattern on HRCT will have a 1.46
times higher probability to have a favorable outcome.

There was no significant difference in age between the
progressors and non-progressors. The evolution towards
fibrosis was more frequently encountered in male patients.

Smoking history seems to be a risk factor for progression,
as it was significantly more associated to the progression,
in percentage of patients with smoking history, and in the
amplitude of exposure, expressed in pack/years.

There are several limits of this study. Being conducted in a
single department of the Institution, it included only a limited
number of patients. The real life and retrospective setting
of the observation added more biases: some patients never
presented for a follow-up, the intervals between the follow-up
visits were irregular, the investigations performed on the visits
were incomplete in some patients, some data were lost. Also,
the evaluation of the HRCT images was made by a single
observer, using a subjective appreciation of the extent of the
lesions and type of lesions present.

Despite these limitations, the study manages to indicate some
of the baseline features identifiable in regular practice, that
could suggest a future progression to fibrosis: initial low FVC,
active or former smoking, male gender, UIP and probable
UIP patterns on baseline HRCT, and presence of traction
bronchiectasis at the baseline HRCT. As “protective” features
we noted: normal values of lung function testing, inflammatory
imaging pattern, female gender.

Conclusions

The study suggests that male, former smoking patients,
with a low FVC, and imaging patterns including traction
bronchiectasis and honeycombing are more prone to have a
progressive disease and develop fibrosis, no matter the initial
ILD diagnosis.

Also, the study showed there is a major delay since the onset
of symptoms to the moment of the diagnosis, with severe
impact on the long-term prognosis of these patients. The
efficient treatment will be started late, in advanced stages of
the disease, with important consequences on the quality of
life and survival.

Changing the diagnosis at follow-up doesn'’t signify a limited
capacity to make a diagnosis, but reflects the flexibility of the
physicians, who incorporate the new data and the evolution
of the patient in the diagnostic algorithm, to the benefit of the
patient.

A prospective study, including a larger number of patients,
would be necessary to confirm the findings of the current
study.
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