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ABSTRACT

Background: Idiopathic pulmonary fibrosis (IPF) is a serious interstitial lung disease (ILD) with a
median survival of 3-5 years. The aim of the present study was to evaluate disease severity and
survival in patients diagnosed with IPF in the era of antifibrotic therapies compared with an
earlier IPF cohort.

Methods: We identified all patients with fibrotic ILD in the hospital electronic case record system
between 2011 and 2016, and reviewed each case in order to identify incident patients with IPF.
We used the GAP-index to compare disease severity and mortality to previous findings in patients
with IPF diagnosed at our center between 2003 and 2009.

Results: 260 patients were diagnosed with IPF between 2011 and 2016. Mean age was 72.6 years,
79% were male, mean forced vital capacity (FVC) was 80%, and mean diffusing capacity for
carbon monoxide (DLco) was 44%. Age, FVC and DLco were significant predictors of mortality,
but the presence of a typical usual interstitial pneumonia pattern on HRCT was not. Eighty
percent of patients in GAP stage | received antifibrotic therapy, 73% in GAP stage Il, and 29%
in GAP stage |lI.

The median survival was four years in the 2011-2016 cohort compared with three years in the
2003-2009 cohort. The distribution of patients between GAP stages was unchanged in 2011-2016
compared with 2003-2009, (stage | 34% vs. 32%, stage |l 49% vs. 48% and stage Ill 20% vs. 16%).
One-year mortality was 13% in 2011-2016 and 26% in 2003-2009. In severe disease (GAP stage lll),
one-year mortality was 26% and 54%, respectively, (p=0.019).

Conclusion: Short-term mortality was significantly lower in the 2011-2016 cohort compared with
2003-2009. This improvement may be linked to changes in treatment strategies towards limited
use of corticosteroids. Although early diagnosis of IPF still needs increased focus, the improve-
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ment is encouraging.

Background

Idiopathic pulmonary fibrosis (IPF) is a serious lung
disease, which mainly affects male patients in their
sixties and seventies [1]. The disease is usually progres-
sive, and most centers report a median survival of three
to five years [2,3]. Since 2011, antifibrotic therapy has
been available with the potential of slowing disease
progression and increasing survival [4-6].

We have previously described a cohort of patients
with IPF diagnosed and followed at our center between
2003 and 2009 [7]. The aim of the present study was:

(1) To investigate disease severity at the time of
referral in a recent cohort of patients with IPF
diagnosed and followed in the era of antifibrotic
therapies.

(2) To characterize and compare clinical character-
istics, treatment patterns and mortality in the
two cohorts.

We hypothesized that better diagnostic strategies and
increased awareness of IPF owing to the emergence of
evidence-based therapies would result in earlier diag-
nosis and improved survival.

Methods

In this retrospective cohort study, we included all
patients diagnosed with IPF between September 2011
and August 2016 at Center for Rare Lung Diseases,
Department of Respiratory Diseases and Allergy,
Aarhus University Hospital, Denmark, which is the
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referral center for the Central Denmark Region with
a population of 1.3 million (2018).

IPF was diagnosed according to the 2011 ATS/ERS/
JRS/ALAT criteria [1]. For the purpose of the study,
high resolution computed tomography (HRCT) scans
performed at the time of diagnosis were re-evaluated
according to the 2018 Fleischner Society criteria for
IPF [8]. We identified all patients with the ICD-10
diagnostic code J84X in the hospital’s electronic case
record system in order to identify patients with IPF
and to ensure inclusion of patients diagnosed with IPF
in case the referral diagnosis had not been changed to
J84.1A. Data collection was based on the electronic case
records. Patients were followed from the time of the
first visit to the center, and follow-up was carried out
until May 2018. Vital status was assessed through the
hospital electronic files that contain continuously
updated information based on the Danish civil regis-
tration system. This approach ensured complete follow
up with respect to mortality.

Data are presented as mean + SD if continuous or as
frequencies if categorical. Survival was evaluated using
the Kaplan-Meier method and differences in survival
curves were evaluated using the log-rank test. Cox
proportional hazards regression was used to estimate
hazard rate ratios for death and corresponding 95%
confidence intervals. The GAP index [9] was used to

categorise patients into three prognostic stages based
on gender, age, forced vital capacity (FVC), and diffus-
ing capacity of the lung for carbon monoxide (DLco).”

All analyses were performed using STATA statistical
software (version 12.1; StataCorp, College Station,
Texas, USA).

The study was approved by The Danish Patient
Safety Authority (record number 3-3013-1993/1).

Results

Two hundred and sixty patients were included in the
study, corresponding to an incidence of 3.3 per 100,000
population in the Central Denmark Region. One-
hundred forty-two patients (55%) died during the
study period, and median survival was four years.
Mean age at the time of diagnosis was 72.6 years and
79% of the patients were male. At the time of diagnosis,
55% of the patients had a typical UIP pattern on
HRCT. Overall, 84 patients (32%) had a biopsy, either
video-assisted thoracoscopic surgery (VATS) (63/84,
75%) or cryobiopsy (21/84, 25%). The cryobiopsy tech-
nique was introduced at the center in 2016. Seventy-
five patients with a probable UIP pattern on HRCT
underwent a biopsy (54 VATS and 21 cryobiopsies).
Forty-one patients (16%) had a probable UIP pattern
on HRCT and were assigned a working diagnosis of

Table 1. Demographic characteristics in the 2011-2016 and the 2003-2009 IPF cohorts.

2011-2016 IPF cohort

2003-2009 IPF cohort

n =260 n =121
Male gender, n (%) 205 (79) 93 (77)
Mean age, years (SD) 72.6 (8.4) 67.4 (8.4)
Median age, years (interquartile range) 73.1 (67.8-78.4) 68.2 (61.2-74.0)
Smokers, n (%) 190 (73) 98 (81)
Current, n (%) 15 (6) 16 (13)
Previous, n (%) 175 (67) 82 (68)
Never, n (%) 62 (24) 23 (19)
Unknown, n (%) 8 (3) 0 (0)
Pack-years (SD) 28 (20) 29 (17)
HRCT 260 (100) 121 (100)
Typical UIP pattern, n (%) 144 (55) 60 (50)
Biopsy 9 (6) 14 (23)
Probable UIP pattern, n (%) 116 (45) 61 (50)
Biopsy 75 (65) 38 (62))
No biopsy, clinical diagnosis 41 (35) 23 (38)
Indeterminate for UIP, n (%) 0 (0) 0 (0)
Biopsy, n (%) 84 (32) 52 (43)
VATS, n (%) 63 (75) 52 (100)
Cryobiopsy, n (%) 21 (25) 0
Bronchoalveolar lavage (%) 186 (72) 93 (77)
FVC % predicted (SD) 80 (22) 72 (21)
DLco % predicted (SD) 44 (15) 42 (16)
Antifibrotic therapy, n (% of entire cohort) 175 (67) Antifibrotic therapy not available
Nintedanib, n (% of treated patients)* 36 (21)
Pirfenidon, n (% of treated patients)* 125 (71)
Both (not concomitantly), n (% of treated patients) 14 (8)
Mean observation time (years) (SD) 2.7 (1.7) 1.96 (1.6)

SD: standard deviation, HRCT: high-resolution computed tomography, UIP: usual interstitial pneumonia, VATS: video-assisted thoracoscopic surgery, FEV1:
forced expiratory volume in one second, FVC: forced vital capacity, TLC: total lung capacity, DLco: diffusion capacity of carbon monoxide.

*Pirfenidone was approved in Denmark in 2011 and nintedanib in 2015



Table 2. Univariate analyses for predictors of mortality in the
2011-2016 cohort.

Hazard ratio (95% Cl) p
Gender 1.25 (0.75; 2.11) 0.40
Age 1.05 (1.02; 1.08) <0.001
Smoking history 0.86 (0.61; 1.22) 0.40
FVC 0.98 (0.97; 0.99) <0.001
DLco 0.95 (0.94; 0.97) <0.001
HRCT pattern 1.39 (0.95; 2.02) 0.09

Table 3. Multivariate model for predictors of mortality in the
2011-2016 cohort.

Hazard ratio (95% Cl) p
Gender 0.90 (0.57;1.41) 0.646
Age 1.05 (1.02; 1.08) <0.001
Smoking history 0.99 (0.72; 1.38) 0.970
FvC 0.97 (0.96; 0.98) <0.001
DLco 0.95 (0.93;0.96) <0.001
HRCT pattern 0.92 (0.65; 1.31) 0.638

IPF without a biopsy according to the 2018 Fleischner
Society criteria for IPF [8].

Patients with a probable UIP pattern, who underwent
a biopsy, had mean FVC of 85% predicted and mean DLco
of 53% predicted. Patients with a probable UIP pattern on
HRCT, who were diagnosed without a biopsi, had mean
FVC of 75% predicted and mean DLco of 41% predicted.
Bronchoalveolar lavage (BAL) was performed in 72% of
the patients. BAL differential count was available in 182 of
the 186 cases. The mean BAL lymphocyte count was 8%;
neutrophil count 10%; and macrophage count 75%.
Demographic characteristics are shown in Table 1.

In a univariate regression model, age, FVC, and
DLco were significant predictors of mortality, but
HRCT pattern was not. In a multivariate model includ-
ing these parameters, the same pattern was seen: age,
FVC, and DLco remained significant while the pre-
sence of a UIP pattern did not predict a worse outcome
(Tables 2 and 3).
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Figure 1. Kaplan-Meier mortality curves for the 2003-2009 and
2011-2016 cohort.

p = 0.046

Using the GAP score as a tool for prognostic strati-
fication, 34% of the patients were in stage I, 49% were
in stage II, and 16.0% were in stage III (Table 4).

Comparison of the 2011-2016 cohort and the
2003-2009 cohort

We compared the 2011-2016 cohort to a cohort of
patients with IPF diagnosed and treated at the center
between 2003 and 2009. The distribution of gender, age
and pulmonary function levels among the three GAP
stages for each cohort are shown in Table 4. Median
survival was 4.0 years in the 2011-2016 cohort and
3.2 years in the 2003-2009 cohort. The overall survival
was significantly better in the 2011-2016 cohort
(p = 0.046). Survival curves for the two cohorts are
shown in Figure 1.

Among patients with severe disease at the time of
referral (GAP stage III), one year mortality declined
from 54.2% in the 2003-2009 cohort to 26.2% in the

Table 4. Clinical characteristics for GAP stages I-lll in the 2003-2009 cohort, (n = 115) and the 2011-2016 cohort, (n = 257).

Gender Age FvC DLco

GAP |

2003-2009 (37/115, 32%) 67% male 61.8 years 82.3% pred. 52.9% pred.

2011-2016 (88/257, 34%) 61% male 68.8 years 93.7% pred. 56.0% pred.
GAP Il

2003-2009 (55/115, 48%) 80% male 68.8 years 73.1% pred. 38.1% pred.

2011-2016 (127/257, 49%) 87% male 73.8 years 77.8% pred. 41.0% pred.
GAP Il

2003-2009 (23/115, 20%) 78% male 71.6 years 46.0% pred. 26.9% pred.

2011-2016 (42/257, 16%) 93% male 76.0 years 55.2% pred. 29.0% pred.
0 points

1 points female <60 years >75% pred. >55% pred.

2 points male 61-65 years 50-75% pred. 36-55% pred.

3 points >65 years <50% pred. <35% pred.

unable to perform

Three patients in the 2011-2016 cohort (1%) and six patients (5%) in the 2003-2009 cohort had insufficient pulmonary function data for GAP staging.
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Table 5. One-year and three-year mortality by GAP stages I-lll
for the 2003-2009 and 2011-2016 cohorts.

One-year mortality

Three-year mortality

GAP stage |
2003-2009 5.5% 19.1%
2011-2016 2.3% 15.1%
GAP stage I
2003-2009 24.5% 49.5%
2011-2016 16.5% 46.3%
GAP stage lll
2003-2009 54.2% 81.8%
2011-2016 26.2% 70.3%
2011-2016 cohort (Table 5). We performed

a comparison of the survival curves for patients in
GAP stage I in the 2011-2016 cohort and the
2003-2009 cohort and found no difference in survival
(p = 0.15). The same was observed for GAP stage II in
the two cohorts (p = 0.46). For GAP stage III, the
survival was significantly higher among patients in
the 2011-2016 cohort (p = 0.019). Survival curves for
each GAP stage in the two cohorts are shown in
Figure 2.

Sixty-seven percent of patients in the 2011-2016 cohort
received antifibrotic therapy. Criteria for reimbursement
were FVC>50% and DLco>30%. In GAP stage I, 70/88
patients (80%) received antifibrotic therapy, in GAP stage
IT, 93/127 (73%) and in GAP stage III, 12/42 (29%). Twelve
of 18 untreated patients in GAP stage I did not wish to
receive antifibrotic therapy. The remaining six patients had
comorbidities that interfered with therapy or were unable to
stop smoking, which was a prerequisite for treatment with
pirfenidone. In GAP stage II, 14 patients had pulmonary
function below the limits; five patients did not wish to receive
antifibrotic therapy; eight patients received the IPF diagnosis
in retrospect and therefore did not receive antifibrotic
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Figure 2. Kaplan-Meier mortality curves for GAP stages I-ll in

the 2003-2009 and 2011-2016 cohorts.

therapy; and seven patients had other reasons. In GAP
stage III, 38/42 patients had pulmonary function below the
limits; two patients were not treated because of high age; and
two patients were diagnosed with fibrotic NSIP initially, but
IPF after re-evaluation.

In the 2003-2009 cohort, 85% of the patients received
corticosteroids, either daily Prednisolone (75%) or high-dose
methylprednisolone pulse therapy (53%) or both, whereas
62% of the patients received azathioprine [10]. In the
2011-2016 cohort, oral corticosteroids or other immuno-
suppressants as IPF-directed therapy was not used except for
low dose corticosteroids as part of a palliative strategy in very
severe disease and high-dose methylprednisolone for acute
exacerbations.

Discussion

The number of incident patients with IPF more than
doubled in the 2011-2016 cohort compared with
2003-2009. Patients in the 2011-2016 cohort were older at
the time of referral (mean age 72.6 years in 2011-2016 and
67.4 years in 2003-2009), mean FVC was slightly better
(80% vs. 72%), but DLco was similar (44% vs. 42%).
However, the distribution of patients according to GAP
stages remained unchanged. Median survival increased
from three to four years, although the patients on average
were five years older at the time of diagnosis. The most
striking finding was the decrease in one-year mortality
from 26% to 13% overall. Among patients in GAP stage
I11, one-year mortality decreased from 54% to 26%.

The treatment recommendations at IPF centers
worldwide changed in 2011 after the interim results
of the Panther trial showed excess mortality among
patients treated with high-dose Prednisolone and
Azathioprine [11]. These results caused a prompt
change of practice at our center, and this may explain
the decrease in short-term mortality for patients with
very severe disease.

The increase in the number of referrals likely reflects
increased awareness of fibrotic ILD among pulmonologists
and radiologists in our region, which may be driven by the
emergence of evidence based therapies. Furthermore, the
use of a provisional high-confidence diagnosis or ‘working
diagnosis’ of IPF has been introduced, usually for patients
with advanced disease in whom a histopathological confir-
mation of the diagnosis is not possible. This group of patients
mainly have a probable UIP pattern on HRCT, and they
have the same disease course and response to antifibrotic
therapy as those with a definite UIP pattern or
a histopathological diagnosis confirming IPF [4]. Previous
reports have pointed towards a ‘wait and see’ approach to
therapy in mild disease [12,13]. This did not seem to be the



case in our study with 80% of patient in GAP stage I and 73%
of patients in GAP stage II on antifibrotic therapy. Other
Nordic countries have divergent approaches to antifibrotic
therapies with large differences in the proportion of patients
who receive antifibrotic therapy. In Finland, 26% of the
patients were on therapy for at least six months compared
to 69% in Sweden [14]. The proportion of patients who
received antifibrotic therapy was also higher in our cohort
than in other real life cohorts (23% in the Australian cohort
and 44% in the German cohort, but similar to the findings in
a Czech cohort (63% treated patients) [2,3,15].)

We found comparable mortality between patients
who had a definite UIP pattern on HRCT and those
who had probable UIP. Previous studies have also
reported that a definite UIP pattern on HRCT is not
an independent predictor of mortality [16-20]. Some
patients in our study were initially diagnosed as having
fibrotic NSIP based on HRCT pattern and no biopsy,
and these patients did not receive antifibrotic therapy.
After re-evaluation, they were reclassified as having IPF
in accordance with the progress that has been made in
the understanding of the disease behaviour.

Several reports of other ‘real life’ cohorts have been pub-
lished. Some of these include prevalent as well as incident
patients. Many similarities exist between our cohort and the
Australian IPF cohort [2] with regards to pulmonary func-
tion (FVC 81% and DLco 48%), median survival of approxi-
mately four years, and more than 70% of the patients having
a smoking history. Some similarities are also seen with
a recent report from the Finnish IPF registry [21]: age at
the time of diagnosis and mortality are comparable, although
the Finnish cohort had fewer smokers; a higher proportion
of female patients; and the patients had more preserved
pulmonary function at the time of diagnosis. Thus,
a higher proportion of the Finnish patients were in GAP
stage I at the time of diagnosis (54% in Finland vs 34% in
Aarhus). Survival in GAP stage I and II were higher in the
Finnish cohort, but similar in GAP stage III. Although our
study reveals some improvement in outcome for patients
with IPF, especially regarding short-term survival, the dis-
tribution of patients between GAP stages remains
unchanged. This finding underlines the persistent need to
improve identification of fibrotic lung disease at an earlier
stage.

Recent studies show that misdiagnoses and delay are
still major problems in IPF [22,23].

Patients in GAP stage IIT were of course older and had
more severely impaired pulmonary function, since age and
pulmonary function are part of the GAP index. Only 29%
of our patients in GAP stage III received antifibrotic ther-
apy. The main reason for abstaining from therapy in this
group was low lung function. Physicians and/or patients
may be concerned about potential adverse effects or lack of
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treatment effect in severe disease. However, a recent study
reported that the adverse event profile was similar between
age groups, but a greater proportion of patients aged >75
than patients aged <75 discontinued therapy due to
adverse events [24]. Two recent studies have shown that
antifibrotic therapy with pirfenidone results in similar rate
of lung function decline and similar safety profile in
patients with more advanced versus less advanced IPF.
One study reported results from RECAP, the extension
study from the phase 3 trials of pirfenidone in patients with
IPF, ASCEND and CAPACITY, [25] and another study
reported the outcomes of participants in the ASCEND and
CAPACITY trials whose pulmonary function for different
reasons were below the screening criteria [26]. Compared
with placebo, patients with pulmonary function below the
screening criteria who received pirfenidone had signifi-
cantly reduced mortality and significantly less deteriora-
tion in lung function, exercise capacity and dyspnoea.
A recent study have reported a similar effect of nintedanib
on FVC decline in patients with IPF and more versus less
severe impairment in DLco [27].

These emerging reports of treatment response and
tolerability among patients with advanced disease are
promising, and they may lead to inclusion of patients
with more advanced disease in future IPF clinical trials.

The study is limited by the retrospective design and
inclusion of patients from a single referral center.
However, using the same approach to patient identifica-
tion and cohort description in two distinct periods at one
center with unchanged referral procedure allows the com-
parison of clinical characteristics among patients with IPF.

Our study strongly suggests that patients with very
severe IPF do better after immunosuppressive therapies
have become obsolete, but the optimal use of antifibro-
tic therapies in severe IPF remains to be clarified.

Conclusion

Disease severity at the time of IPF diagnosis in our
study was unchanged between 2003-2009 and
2011-2016, which contradicts our hypothesis of earlier
diagnosis. Nevertheless, we saw a significant mortality
decline in 2011-2016, although the patients were older.
The mortality decline was driven mainly by the decline
in short-term mortality among patients with severe
disease, and may be linked to the changes in treatment
strategies towards limited use of corticosteroids as well
as the introduction of antifibrotic therapy..
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