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Abstract

Purpose—Idiopathic pulmonary fibrosis (IPF) has not been shown to respond to corticosteroid
therapy; however, many patients receive these drugs at the time of diagnosis. The factors that are
associated with the decision to prescribe corticosteroids have not been examined.

Methods—We conducted a retrospective cohort study of 1126 patients with a new diagnosis of
IPF using The Health Improvement Network database from the United Kingdom. We used
generalized estimating equation (GEE) regression models to test the association of patient
characteristics, co-morbid diseases, and disease characteristics with the use of corticosteroids
within 30 days of IPF diagnosis.

Results—Bivariable analyses demonstrated an association between female sex, the presence of
dyspnea, the need for oxygen, past steroid use, and the use of corticosteroids immediately prior to
diagnosis with the use of corticosteroids at the time of diagnosis. After adjustment with
multivariable GEE regression, only the use of oxygen at the time of diagnosis (OR 1.69, Cl
1.14-2.49), the past use of corticosteroids (OR 1.50, Cl 1.04-2.15), and use of corticosteroids
immediately prior to diagnosis (OR 5.72, Cl 3.80-8.60) remained significantly associated with
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Key points:

. Corticosteroids are often used to treat idiopathic pulmonary fibrosis (IPF) despite the absence of data demonstrating a
positive treatment effect

. Many patients with IPF have co-morbid conditions that may increase the risk of adverse events associated with
corticosteroid therapy

. The use corticosteroids in the initial management of IPF is more common among patients who require supplemental
oxygen at the time of diagnosis and among those who have received corticosteroids in the past

. The decision to prescribe corticosteroids is not influenced by the presence of pre-existing co-morbidities such as diabetes,
osteoporosis, or advanced age
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increased use of corticosteroids. No association was found between prior diabetes, osteoporosis,
glaucoma, hypertension, congestive heart failure, obesity or peptic ulcer disease and use of
corticosteroids at diagnosis.

Conclusions—The decision to prescribe corticosteroids is associated with oxygen use and past
corticosteroid use but is not influenced by factors such as age, gender, or common co-morbid
conditions that may pre-dispose patients to adverse events of therapy.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is the most common form of idiopathic interstitial
pneumonia with an incidence in the US estimated to be between 6.8 and 16.3 cases per
100,000 person years.l: 2 IPF is associated with a significantly shortened survival® and to
date, no therapeutic agents have been shown in well-controlled prospective trials to be
effective in reducing disease mortality. Limited evidence has suggested a small subgroup of
patients may derive a partial or transient treatment response when prescribed corticosteroids,
4-6 however these agents have also been associated with a variety of adverse events when
used in this population.?

Despite the significant risk of toxicity and the absence of data demonstrating a survival
benefit, corticosteroids are often prescribed either alone or in combination with cytotoxic
agents in the management of IPF.7-10 Existing guidelines from the American Thoracic
Society/European Respiratory Society recommend that the decision to treat should be made
after weighing the potential for benefit against the likelihood of toxicity.11 Unfortunately,
the factors that predict a response to anti-inflammatory drugs including corticosteroids and
the factors that predict significant toxicity have not been definitively characterized. This
makes it difficult in practice to assess the balance between the potential for benefit and the
potential for harm. The evidence that does exist suggests that patients who are younger or
who have less established fibrosis and more active inflammation may be more likely to
respond to therapy compared to patients who are older and have more advanced fibrotic
disease. > 11 |t is also generally accepted, although not clearly established, that patients
with other medical conditions including diabetes, osteoporosis and obesity may be at higher
risk for toxicity that those without significant co-morbidities.11

It is not known how physicians use these limited data in clinical practice and whether patient
characteristics such as disease severity or co-morbid conditions influence treatment
decisions at the time of diagnosis with IPF. This study was designed to examine whether the
use of corticosteroids in the initial management of IPF is influenced by patient
demographics including age and gender, a history of co-morbid conditions such as diabetes
or osteoporosis, or disease characteristics including dyspnea and oxygen use. We
hypothesized that patient symptoms and oxygen use would be associated with the use of
corticosteroids at diagnosis while factors including advanced age and pre-existing co-morbid
conditions such as diabetes or osteoporosis would be associated with a decision to withhold
or postpone corticosteroid therapy.
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Methods

Study design

We conducted a retrospective cohort study of patients with an incident diagnosis of IPF
using The Health Improvement Network (THIN) Database. THIN is a medical records
database containing more than 5 million primary care records from participating general
practices in the United Kingdom (UK). This database contains demographic, diagnostic, and
complete prescription information for each patient, and has been used in several
pharmacoepidemiology studies.12-15 This study was reviewed by the Institutional Review
Board at the University of Pennsylvania and exempted from further review.

Patients with a new diagnosis of IPF were identified using diagnostic codes for either
“idiopathic fibrosing alveolitis” (H563.00) or “cryptogenic fibrosing alveolitis” (H563.12).
These codes have been used in prior research in THIN,16 and their accuracy in identifying
patients with IPF has been established in a similar database that uses the same computer
software for data entry.17 In order to ensure that prevalent cases were not misclassified as
incident cases, patients had to have at least 12 months of existing medical records in the
database prior to the first entry of a diagnostic code for IPF to be included in the cohort.18

We excluded patients with a previous diagnosis of an autoimmune disease that might also be
treated with corticosteroids such as vasculitis or polymyalgia rheumatica. We also excluded
patients who were under the age of 40 at the time of diagnosis and patients whose records
were identified by THIN as failing to meet quality standards.

The primary outcome was a new prescription for an oral corticosteroid either alone or in
combination with a cytotoxic agent written within 30 days of the first diagnosis of IPF.
Potential risk factors for the use of corticosteroids were divided into three broad categories.
Patient and practice characteristics included age at diagnosis, gender, and the number of
patients with IPF seen by the patient's practice location each year. Co-morbid conditions
were identified using diagnostic codes that predated the initial diagnosis of IPF and included
diabetes; osteoporosis and fracture; glaucoma and cataracts; obesity; hypertension or
congestive heart failure; peptic ulcer disease or gastrointestinal bleeding; asthma or COPD;
a form of ILD other than IPF; and smoking status. Factors related to IPF itself included a
history of cough or dyspnea prior to the diagnosis of IPF, and oxygen use either prior to or at
the time of diagnosis with IPF. Prior treatment with corticosteroids was also included as a
risk factor.

Statistical analysis

All statistical analyses were conducted using STATA version 9 (StataCorp, College Station,
TX) and used a p-value of 0.05 as the threshold for statistical significance. To measure the
effect of risk factors on the use of corticosteroids at the time of diagnosis, we used
generalized estimating equation (GEE) regression models clustered on the practice in which
the patient was treated.1® These models provide robust estimates of variances by accounting
for the non-independence of observations made among patients treated by the same group of
physicians. We first analyzed each risk factor in separate GEE models with corticosteroid
use as the outcome to arrive at unadjusted OR's for each exposure variable. Age, practice
experience with IPF, and BMI were analyzed first as continuous variables then as
categorical variables divided in quintiles for practice experience and BMI and 10 year
increments for age. To control for potential confounding among risk factors, all pre-
specified risk factors were then included in a single GEE regression model to provide fully
adjusted OR's for each factor independent of the effects of other variables.
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Because the publication of treatment guidelines may have altered physician prescribing
behavior over the observed study period, we then conducted a sensitivity analysis in which
the cohort was restricted to patients diagnosed after January 1, 2000. Also, because some of
the co-morbid conditions considered as risk factors could be the result of corticosteroid use
among patients treated empirically before diagnosis, we conducted a separate sensitivity
analysis in which those who received corticosteroids in the 90 days prior to diagnosis were
excluded. Finally, to account for the possibility that a patient's first prescription may have
been written by a specialty physician and not captured in the database, we conducted an
analysis in which the outcome definition was expanded to include patients who received
corticosteroids within 90 days after diagnosis.

We identified a total of 1583 patients with an incident diagnosis of IPF diagnosed between
1989 and 2006. Of these, 1126 met our inclusion criteria (Figure 1). The average age at the
date of diagnosis was 71.4 years (SD 10.4 years) and 61.5% of the cohort was male. The
characteristics of included patients as well as the prevalence of co-morbid conditions and
symptoms prior to the date of diagnosis are summarized in Table 1. Nearly 15% of patients
required oxygen at the time of diagnosis with IPF, 6.8% had been diagnosed with an
alternative form of ILD prior to their diagnosis of IPF, and 15.4% had received
corticosteroids in the 90 days preceding their incident diagnosis.

A total of 306 patients (27.2%) received a prescription for corticosteroids within 30 days of
diagnosis with IPF. Of these, 252 were treated with corticosteroids alone and 54 received
corticosteroids in combination with either cyclophosphamide or azathioprine. The results of
unadjusted analyses for each exposure variable are presented in Table 2. Bivariable analysis
of patient demographics and practice characteristics demonstrated a statistically significant
relationship between female gender and corticosteroid use (unadjusted OR 1.40, ClI
1.07-1.83, p=0.013). Age was found to have a non-linear relationship with corticosteroid use
with patients under the age of 50 and over the age of 70 having the lowest OR's for
corticosteroid use; however, none of the unadjusted OR's for age categories was statistically
significant. Practice experience was not associated with corticosteroid use.

None of the tested co-morbid conditions had a statistically significant association, either
positive or negative, with corticosteroid use. Diabetes (unadjusted OR 0.77, CI 0.51-1.15)
and a history of peptic ulcer disease or Gl bleed (unadjusted OR 0.85, ClI 0.50-1.43) had the
strongest inverse associations, however in both cases, the 95% CI crossed unity.

The unadjusted analyses of disease characteristics and past therapy showed that both a
history of dyspnea prior to diagnosis (OR 1.44, ClI 1.10-1.88, p=0.007) and treatment with
oxygen at the time of diagnosis (OR 2.71, CI 1.93-3.79, p<0.001) were associated with use
of corticosteroids. Additionally, having received corticosteroids more than 3 months prior to
diagnosis (OR 3.24, Cl 2.44-4.30, p<0.001) and in the 90 days leading up to the initial
diagnosis (OR 7.90, Cl 5.55-11.24, p<0.001) were strongly associated with receiving
corticosteroids at the time of initial diagnosis.

The results of multivariable regression are presented in Table 3. Only oxygen use (OR 1.68,
Cl 1.14-2.49, p=0.009), use of corticosteroids more than 90 days before diagnosis (OR 1.64,
Cl 1.13-2.38, p=0.010) and recent corticosteroid use in the 90 days before diagnosis (OR
5.79, Cl 3.84-8.74, p<0.001) were associated with the use of corticosteroids at the time of
the initial diagnosis with IPF. The association of female gender (OR 1.29 CI 0.95-1.74,
p=0.11) with corticosteroid use was still present, however it was attenuated in the fully
adjusted model and was no longer statistically significant. Similarly, the presence of
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dyspnea (adjusted OR 1.33, C1 0.97-1.80, p=0.07) had a smaller adjusted OR and now failed
to meet pre-specified criteria for statistical significance. In the fully adjusted model, a
history of asthma and COPD had an inverse relationship with corticosteroid use (OR 0.71,
Cl 0.48-1.05, p=0.09) that had not been observed in the unadjusted bivariable analysis. On
subsequent analyses controlling for the effects of potential confounders individually, the
unadjusted OR for asthma and COPD (OR 1.16) was found to be the result of confounding
by past corticosteroid use.

We compared those patients that were receiving corticosteroids in the weeks before
diagnosis to those with no recent steroid use (see Table 4) and found that recent steroid users
were more likely to have a history of a different form of ILD (11% vs 6%, p=0.02), a history
of asthma or COPD (29% vs. 17%, p=0.0004), and a history of dyspnea prior to diagnosis
(47% vs. 38%, p=0.02). They were also much more likely to require oxygen at the time of
diagnosis with IPF (34% vs. 11%, p<0.0001). However, with respect to demographic
variables and co-morbid illnesses tested as risk factors, the only difference was that recent
corticosteroid users were more likely to have a diagnosis of osteoporosis prior to diagnosis
with IPF (22% vs. 15%, p=0.02).

When patients who used corticosteroids in the 90 days prior to diagnosis with IPF were
excluded, the presence of dyspnea at diagnosis was now associated with the use of
corticosteroids (OR 1.63, ClI 1.16-2.30, p=0.005) where an association of similar magnitude
had not been statistically significant in the primary analysis. The remainder of the tested
exposure-outcome associations was unchanged from the primary analysis. An additional
sensitivity analysis in which the outcome definition was expanded to include patients treated
within 90 days did not change the results. Finally, in order to account for the possibility that
the use of corticosteroids may have been altered by the publication of treatment guidelines
in 2000, a sensitivity analysis was conducted in which the cohort was restricted to patients
with a new diagnosis made after January 1, 2000. The results of this analysis were not
substantially different from the primary findings (data not shown).

Discussion

The results of our study provide important insights into the decision-making process of
physicians confronted with a patient newly-diagnosed with IPF. We found that patients who
required oxygen and those that had a past history of corticosteroid use were more likely to
receive corticosteroids within 30 days of their first diagnosis with IPF. Importantly, we also
describe for the first time that factors such as gender and a past history of co-morbid
conditions that might increase the risk of corticosteroid complications did not appear to
influence the decision to prescribe corticosteroids.

The observed association between the use of oxygen and the decision to treat with
corticosteroids at diagnosis is consistent with the work of Rudd and colleagues who found
that patients with IPF treated within 3 months of diagnosis had more severe disease as
measured by a decreased DLCO and FVC than those in whom treatment was prescribed
later in their disease course.10 The decision to offer corticosteroids to those requiring oxygen
may be based on limited data that suggest worsened disease severity at presentation is
associated with a positive short term treatment response.® 10 There is no evidence to suggest
that this is predictive of a sustained treatment effect, ® however, and in fact oxygen use
may be indicative of more advanced fibrosis that is unlikely to respond to long-term
corticosteroid therapy. It is also likely that oxygen use identifies a population of patients
with very little pulmonary reserve in whom the possibility of any treatment effect, however
unlikely, may be perceived to outweigh the risk of even significant toxicities.
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Perhaps the most important finding of this study is that physicians do not avoid prescribing
corticosteroids to patients with co-morbidities that might increase the risk of steroid toxicity
such as diabetes, osteoporosis, peptic ulcer disease, or glaucoma. This is in contrast to our
hypothesis that the presence of these diseases would discourage the use of corticosteroids at
the time of diagnosis and appears to conflict with both the ATS/ERS guidelines on the
treatment of IPF and the more recent British Thoracic Society guidelines on diffuse
parenchymal lung diseases each of which recommend that significant co-morbidities should
be considered in the decision to initiate treatment with corticosteroids.11: 20

There are several potential explanations for our findings. First, physicians and patients may
believe that any potential for benefit in a relentless and debilitating disease outweighs the
risk of even significant toxicity. Second, physicians may consider many of the most severe
toxicities such as hip fractures, GI hemorrhage or severe infection to be sufficiently rare as
to be worth the risk for any potential benefit. A third possibility is that patients offered
corticosteroids at diagnosis, particularly those with more severe disease, are estimated to
have a considerably shortened life-span during which adverse events are unlikely to occur.
To control for this latter possibility, we restricted our analysis to those prescriptions that
were written within 30 days of the initial diagnosis when the anticipated survival should be
adequate in most cases to make adverse events a relevant consideration.

The strongest statistical association we found was between the use of corticosteroids in the 3
months prior to diagnosis with IPF and the use of corticosteroids at the time of diagnosis. It
is possible that these patients may have had IPF that was not “classic” in appearance,

leading their physicians to prescribe corticosteroids empirically either as a trial of treatment
for a suspected alternative form of ILD or as therapy for an alternative and more common
cause of breathlessness before arriving at the diagnosis of IPF. When ultimately diagnosed, a
subset of these patients may have demonstrated either that they can take the drug without
significant toxicity or that their disease stabilized while on empiric treatment, thus favoring
continued corticosteroid use.

It is also possible that those patients who received corticosteroids prior to diagnosis and at
the time of diagnosis were misclassified as starting therapy for IPF when in fact they were
tapering an existing empiric therapy either for a past diagnosis of IPF that was not recorded
or for an alternative cause of their symptoms. Importantly, excluding these patients from the
analysis did not change the remainder of the results.

There are important limitations to this study. Although this is one of the largest studies
examining patients with IPF, the size of the cohort provides limited power to detect small
differences. However, the observed effect estimates do not suggest that a clinically
meaningful difference was missed. It is possible that the co-morbid conditions considered
may have been misclassified and are in fact the result of corticosteroid use. This is unlikely
for three reasons: we considered only those co-morbid conditions recorded prior to the
diagnosis with IPF; there was no change in the observed associations after restricting the
cohort to corticosteroid-naive patients; and the direction of the observed associations is the
opposite of what should be observed if these conditions were the result of corticosteroid use.

Although our results demonstrate that the use of corticosteroids is not influenced by
common co-morbid conditions, we did not query physicians directly regarding the rationale
for their treatment decisions. Additionally, the use of cytotoxic agents and N-acetylcysteine
was not sufficiently common to determine if these agents were used preferentially among
those with significant co-morbidities. We also did not examine prescriptions for
corticosteroids written more than 30 days after diagnosis for our primary analysis. This was
done in an effort to exclude prescriptions written in the terminal phase of the disease and to
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minimize the influence of variables such as symptomatic progression that may not be well
quantified in the database. Finally, we do not have pathologic or radiographic confirmation
of the diagnosis of IPF; however, the diagnostic codes we used have been validated in a
similar database.1” Additionally, the primary focus of this study was to examine prescribing
behavior among physicians who believed they were treating IPF even if that was not
ultimately the correct diagnosis.

Conclusion

The decision to offer patients treatment with corticosteroids at the time of diagnosis with
IPF is complex. Our findings suggest that physicians are influenced in their prescribing
practices primarily by disease characteristics such as oxygen use rather than co-morbid
conditions that may pre-dispose to drug toxicity. Additionally, patients who have been
started on corticosteroids prior to diagnosis with IPF are likely to continue therapy after
diagnosis despite the absence of conclusive efficacy data. These practices may place patients
at risk for potentially avoidable and significant adverse events.
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Figure 1.
Definition of study cohort and initial treatment
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Patient characteristics and prevalence of risk factors prior to the incident diagnosis of IPF

Risk factor

Age (mean in yrs)
Standard deviation

Sex (Yomale)

Diabetes

ObesityT

HTN or CHF"

PUD or GIB™™
Glaucoma or cataracts
Osteoporosis
SmokingT

Alternative ILD¥ diagnosis
Asthma or COPD™™*
Dyspnea

Cough

Oxygen use

Past steroid use

>90 days prior to IPF diagnosis

Recent steroid use

<90 days prior to IPF diagnosis

Mean or prevalence
71.4

10.4

61.5%

13.6%

17.9%

31.5%
7.3%

15.5%
16.0%
28.6%

6.8%
19.2%
39.0%
48.9%
14.9%
26.5%

15.4%

Tcalculated with missing values excluded

*

Hypertension or congestive heart failure

Fk

Peptic ulcer disease or gastrointestinal bleeding

Fk

£3
Chronic obstructive pulmonary disease

ilnterstitial lung disease other than IPF
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Table 2

Unadjusted association of risk factor variables with corticosteroid therapy at diagnosis
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Risk factor
Patient and practice characteristics
Age (continuous)
Age by 10 years
40-49
50-59
60-691
70-79
>=80
Sex (female)
Practice experience (IPF patients/year)
Practice experience (quintiles)
1t

2
3
4
5

Co-morbid conditions

Diabetes
Obesity

Yes

missing
BMI
BMI quintiles

1

2

3T

4

5
HTN or CHF™
PUD or GIB™
Glaucoma/cataract
Osteoporosis
Smoking

Yes

missing
Past ILD¥
Asthma or COPD™™*

Disease characteristics

Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2011 July 1.

OR (95% ClI)

0.99 (0.98-1.01)

0.75 (0.33-1.72)
1.22 (0.77-1.95)
1.0

0.89 (0.64-1.25)
0.91 (0.63-1.33)
1.40 (1.07-1.83)
1.00 (0.97-1.03)

1.0

0.93 (0.62-1.42)
1.01 (0.66-1.53)
0.89 (0.58-1.36)
0.92 (0.60-1.42)

0.77 (0.51-1.15)

1.13 (0.77-1.66)
0.85 (0.62-1.17)
1.00 (0.98-1.02)

1.27 (0.80-2.00)
0.79 (0.49-1.29)
1.0

0.93 (0.58-1.49)
1.14 (0.71-1.83)
0.93 (0.70-1.24)
0.85 (0.50-1.43)
0.98 (0.68-1.42)
1.18 (0.83-1.68)

0.87 (0.64-1.19)
0.97 (0.69-1.37)
1.44 (0.88-2.36)

1.16 (0.84-1.62)

P-value

0.39
0.65
0.50
0.39

0.51
0.64
0.013
0.98
0.97

0.75
0.97
0.58
0.71

0.54
0.33
0.96
0.36
0.32
0.36

0.76
0.59
0.63

0.93
0.35

0.39
0.87
0.15
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Risk factor OR (95% CI) P-value
Dyspnea 1.44 (1.10-1.88) 0.007
Cough 118 (0.91-153)  0.22
Oxygen use 2.71(1.93-3.79) <0.001
Past steroid use 3.24 (2.44-4.30) <0.001
Recent steroid use 7.90 (5.55-11.24)  <0.001

TReference category

*
Hypertension or congestive heart failure

Fk

Peptic ulcer disease or gastrointestinal bleeding

FokKk

Chronic obstructive pulmonary disease

ilnterstitial lung disease other than IPF
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Results of multivariable analysis

Risk factor OR (95% CI)  P-value
Age by 10 years
40-49 0.58 (0.23-1.48) 0.26
50-59 1.13(0.68-1.91) 0.63
60-69 10 -
70-79 0.81 (0.55-1.18) 0.26
>=80 0.92(0.59-1.43)  0.71
Sex (female) 1.29 (0.95-1.74) 0.11
Practice experience (quintiles)
1t 10 -
2 0.91 (0.58-1.45) 0.71
3 1.12 (0.70-1.79) 0.63
4 0.86 (0.53-1.38) 0.53
5 0.89 (0.55-1.45) 0.65
Diabetes 0.73(0.46-1.18) 0.20
Obesity 1.05(0.68-1.63)  0.82
HTN or CHE* 079 (0.56-1.11)  0.17
PUD or GIB™ 0.86 (0.48-1.53) 0.61
Glaucoma/cataract 0.89 (0.58-1.37) 0.60
Osteoporosis 0.97 (0.63-1.49) 0.90
Smoking 0.81 (0.57-1.15) 0.24
past ILDY 097 (0.54-1.72) 091
Asthma or COPD™™* 0.71 (0.48-1.05) 0.09
Dyspnea 1.33(0.97-1.80) 0.07
Cough 1.00 (0.74-1.35) 0.99
Oxygen use 1.68 (1.14-2.49) 0.009
Past steroid use 1.64 (1.13-2.38) 0.010
Recent steroid use 5.79 (3.84-8.74)  <0.001

TReference category

Table 3

Page 13
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*
Hypertension or congestive heart failure

**
Peptic ulcer disease or gastrointestinal bleeding

Fok

3
Chronic obstructive pulmonary disease

¢Interstitial lung disease other than IPF
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Characteristics of patients treated and not treated with corticosteroids in the 3 months prior to diagnosis

Table 4

Variable Corticosteroid users
Age (yrs) 70.2
Male sex 57%
Obesity 18%
Smoking 38%
Diabetes 12%
Osteoporosis 22%
HTN/CHF" 32%
PUD/GIB™ 6%
Glaucoma/cataracts 17%
Cough 54%
Dyspnea 47%
Oxygen use 34%
Hx of asthma/COPD ™** 29%
Hx of different ILD ¥ 11%
Hx of biopsy 10%

Treatment naive
71.6
62%
18%
35%
14%
15%
31%

7%
15%
48%
38%
11%
17%

6%

9%

p-value
0.11
0.16
0.96
0.54
0.54
0.02
0.54

0.61

0.46
0.12
0.02
<0.0001
0.0004

0.02

0.53

*

Hypertension or congestive heart failure

Fk

Peptic ulcer disease or gastrointestinal bleeding

Fok

3
Chronic obstructive pulmonary disease

¢Interstitial lung disease other than IPF
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