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Rationale: High-resolution computed tomography (HRCT) is an inte-
gral aspect of the evaluation of patients with suspected idiopathic
pulmonary fibrosis (IPF). However, few studies have evaluated its
use in a large cohort. Objectives: To describe HRCT features in pa-
tients with mild to moderate IPF, compare diagnostic evaluations
by a radiology core (three thoracic radiologists) with those by study-
site radiologists, correlate baseline clinical and physiologic variables
with HRCT findings, and evaluate their association with mortality.
Methods: We assessed HRCT scans from patients with IPF (n � 315)
enrolled in a randomized controlled study evaluating IFN-�1b.
Measurements and Main Results: There was concordance between
study-site and core radiologists regarding the diagnosis of IPF in
86% of cases. Diffusing capacity of carbon monoxide (DLCO) was the
physiologic characteristic most highly correlated with HRCT findings.
Multivariate analysis identified three independent predictors of mor-
tality: a higher extent of fibrosis score increased the risk of death
(p � 0.0001), whereas a higher percent-predicted DLCO (p � 0.004)
and treatment assignment to IFN-�1b rather than placebo (p � 0.04)
reduced the risk of death. Conclusions: A study-site diagnosis of IPF
on HRCT was regularly confirmed by core radiologists. Extent of
reticulation and honeycombing on HRCT is an important indepen-
dent predictor of mortality in patients with IPF.
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Idiopathic pulmonary fibrosis (IPF) is a discrete clinical and
histopathologic entity with a uniformly poor prognosis (1). Iden-
tification of usual interstitial pneumonia (UIP) on surgical lung
biopsy has been considered the gold standard for diagnosis (1).
However, when assessed by expert clinicians and radiologists,
the presence of typical clinical and high-resolution computed
tomography (HRCT) features is sufficient to allow a confident
diagnosis of IPF in more than 50% of suspected cases and may
eliminate the need for surgical lung biopsy in these patients
(2). Thus, HRCT has become an integral part of evaluation of
patients with idiopathic interstitial pneumonia (2–4).

Despite the increasingly important role of HRCT in the diagno-
sis and follow-up of patients with IPF, little data exist regarding
the HRCT features of patients with mild to moderate physiologic

(Received in original form December 31, 2004; accepted in final form May 9, 2005)

Supported by InterMune, Inc. (Brisbane, CA).

Correspondence and requests for reprints should be addressed to David A. Lynch,
M.D., University of Colorado Health Sciences Center, 4200 East Ninth Avenue,
Box A030, Room 2233 Denver, CO 80262. E-mail: david.lynch@uchsc.edu

Am J Respir Crit Care Med Vol 172. pp 488–493, 2005
Originally Published in Press as DOI: 10.1164/rccm.200412-1756OC on May 13, 2005
Internet address: www.atsjournals.org

impairment, the reliability of the HRCT interpretation among
radiologists, and the usefulness of HRCT findings as a predictors
of mortality in such patients (5, 6). The present study sought to
address these issues by using data from a prospective, randomized,
double-blind, placebo-controlled clinical trial evaluating the use
of IFN-�1b in patients with IPF (7). We describe the HRCT
characteristics of scans in patients with IPF, compare the inter-
pretations of study-site radiologists with a central core group
of thoracic radiologists, and examine the correlation between
baseline HRCT characteristics at study entry and selected clini-
cal, physiologic, and pathologic parameters. Also, we evaluate
the relationship between HRCT findings and selected clinical
and physiologic variables with subsequent mortality over a me-
dian follow-up period of 58 weeks. Some of the results of this
study have been previously reported in abstract form (8).

METHODS

In a previously published phase 3 trial in patients with IPF (10), 162
patients were randomly assigned to receive IFN-�1b (200 �g subcutane-
ously three times weekly) and 168 received matched placebo. Patients
were recruited from a total of 58 medical centers (39 academic, 19
community-based) in the United States, Europe, Canada, and South
Africa. Criteria for enrollment have been previously published.

A total of 160 (98.8%) IFN-�1b patients and 166 (98.8%) placebo
patients had a baseline HRCT scan available for evaluation. HRCT
evaluations were included in the analysis only if the baseline HRCT
was performed within 60 days before the first dose of study drug in the
phase 3 trial. Of these, the scans of 11 (7 IFN-�1b and 4 placebo)
patients were excluded from the analysis due to the timing of the HRCT
(i.e, either more than 60 days before the first study drug dose [3 patients]
or after the first dose [6 patients] or the inability of either core radiolo-
gist to evaluate the image [2 patients]). Thus, 315 baseline HRCT scans
(153 IFN-�1b, 162 placebo) were analyzed.

The study protocol required thin collimation (1–1.5 mm) images to
be obtained through the lung using standard high-resolution technique
at 2-cm intervals in supine and prone positions. The minimum tube
exposure was 200 milliampere-seconds. Volumetric CT was not per-
formed. Digital scan data were sent to a central processing site in a
Digital Imaging and Communications in Medicine (DICOM)-compati-
ble, anonymized format.

Radiologic Assessment by Study-Site Radiologists

Using defined criteria, radiologists at each investigational site (“study-
site radiologists”) were asked to determine if either “definite” or “proba-
ble” IPF was present. A radiographic diagnosis of “definite IPF” required
all three of the following criteria: (1) presence of reticular abnormality
and/or traction bronchiectasis with basal and peripheral predominance;
(2) presence of honeycombing with basal and peripheral predominance;
and (3 ) absence of atypical features, such as micronodules, peribroncho-
vascular nodules, consolidation, isolated (nonhoneycomb) cysts, exten-
sive ground glass attenuation, or extensive mediastinal adenopathy.
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The presence of the first and third criterion only qualified as “probable”
IPF (i.e., honeycombing was not present). Clinical information may
have been provided and the study-site radiologists knew that IPF was
a consideration.

Radiologic Assessment by Core Radiologists

After the completion of the trial, a core panel of three thoracic radiolo-
gists (“core radiologists”) was convened to independently review the
baseline HRCT scans. The radiologists were blinded to clinical data
and treatment group assignment; however, they knew that the patients
had met nonradiologic inclusion criteria for the study, and that a study-
site radiologist had interpreted the HRCT scan as at least probable
IPF on the basis of predefined criteria.

Two core radiologists independently scored the baseline HRCT on
a standardized form. The HRCT image was assessed for the presence
and extent of ground glass attenuation, reticulation, honeycombing,
decreased attenuation, centrilobular nodules, other nodules, consolida-
tion, and emphysema. The extent of these abnormalities and the overall
extent of fibrosis (i.e., the extent of reticulation and honeycombing)
were determined for each entire lung using a 4-point scale (0 � no
involvement, 1 � 1–25% involvement, 2 � 26–50% involvement, 3 �
51–75% involvement, and 4 � 76–100% involvement). The presence
or absence of upper or lower lobe volume loss, traction bronchiectasis,
crazy paving, tree in bud, bronchiolectasis, and mosaic attenuation
was also assessed, and the predominant pattern (i.e., ground glass/
reticulation/honeycombing vs. nodules/mosaic attenuation/emphysema/
other) was determined. Each HRCT was classified by at least two core
radiologists as typical IPF, atypical IPF, or inconsistent with IPF using
usual diagnostic evaluation processes without prespecified criteria for
the study. A third core radiologist evaluated the scan if the first two
readers did not agree, and the consensus diagnosis was based on agree-
ment of at least two readers. Only two readers were used for pattern
extent scores, including honeycombing. Neither discussion nor adjudica-
tion was used for any result. In the event of disagreement between the
readers, the result was recorded as missing.

Data Analysis

Data are given as mean � SD or as patient count and percentage. A
final pattern extent score was derived as the mean of up to four scores
for each scan (i.e., right and left lung scores from two core radiologists).
Honeycombing, for example, was defined as a mean pattern extent
score exceeding 0. For the diagnosis of IPF, the categories of “typical
IPF” and “atypical IPF” were pooled as “consistent with IPF” and
analyzed as a dichotomous variable. The simple � coefficient, ranging
from –1 to �1, was used to assess the degree of interrater agreement
in specific comparisons (9). The Wilcoxon rank sum, Spearman rank
order correlation, and Fisher’s exact tests were used for statistical com-
parisons of selected clinical, histologic, and HRCT characteristics, as
appropriate.

Univariate analyses of the association between baseline HRCT,
clinical, and physiologic characteristics with mortality used a two-tailed
�2 test, with statistical significance defined as p � 0.05. Clinical and
physiologic variables included age, sex, smoking status, use of supplemen-
tal oxygen, percent-predicted FVC, percent-predicted diffusing capacity
of carbon monoxide (DlCO), alveolar–arterial (A-a) oxygen gradient,
baseline dyspnea index (10), University of California–San Diego Short-
ness of Breath Questionnaire (11), the modified Medical Research Coun-
cil scale (12), and treatment assignment (i.e., IFN-�1b or placebo).
HRCT variables included overall fibrosis, honeycomb, reticulation, and
emphysema pattern extent scores, predominant pattern (see above),
consensus diagnosis of IPF, and the coexisting diagnosis of emphysema.
Thereafter, a stepwise logistic regression model was built using variables
with univariate p values of less than 0.20, entering variables at the 0.05
significance level and removing them at the 0.10 level.

RESULTS

HRCT Diagnosis of IPF by Study-Site versus Core Radiologists

As was required for entry into the phase 3 trial, using prespecified
criteria, the study-site radiologists at each participating medical

center confirmed the diagnosis of IPF on HRCT in all enrolled
patients (n � 315).

On the basis of the findings by the first two readers among
the core radiologists, the scans of 256 (81.3%) patients were
considered to be consistent with the diagnosis of IPF (Table 1).
Overall, there were concordant interpretations by the first two
readers in 271 (86.0%) scans (� � 0.33; 95% confidence interval
[CI], 0.18–0.48).

A consensus regarding the diagnosis of IPF (i.e., agreement
between at least two core radiologists) was reached in 313
(99.4%) scans: 283 (89.8%) as consistent with IPF (Figure 1)
and 30 (9.5%) as inconsistent (Figure 2 and Table 1). In two
scans, no consensus could be reached (e.g., one core radiologist
scored as consistent, another as inconsistent, and the third as
unevaluable). Of the 263 scans that were interpreted by the site
radiologists as “definite IPF,” 245 (93.2%) were believed to be
consistent with IPF by core radiologist consensus, as were 37
(75.5%) of 49 scans read by site radiologists as “probable IPF”
(p � 0.001; data not shown).

We compared the diagnosis of IPF by the study-site radiolo-
gist and the core radiologists according to whether the investiga-
tional site was academic (n � 39) or community-based (n �
19). The diagnosis of IPF was agreed on by consensus of core
radiologists in 206 (90.4%) of 228 scans from academic sites and
in 76 (90.5%) of 84 scans from community-based sites (p � 1.0;
data not shown).

Comparison of UIP on Biopsy with HRCT Scan Pattern

Histologic confirmation of UIP on surgical lung biopsy within
the 30 months before study entry was reported in 205 (65%) of
the 315 patients. Of these, 181 (88.3%) baseline HRCT scans
were interpreted as consistent with IPF by core radiologist con-
sensus, whereas 24 scans (11.7%) were considered inconsistent
with IPF. Of the 110 patients who did not have a biopsy, 102
(93%) had scans consistent with IPF, two were indeterminate,
and six (5%) were inconsistent with IPF.

Identification of Specific HRCT Findings

Honeycombing. Honeycombing was considered to be present by
at least one of two core radiologists in 287 (91.1%) of 314 scans
(Table 2). Comparison of the first two readers revealed agree-
ment regarding the presence or absence of honeycombing in 223
(71.7%) scans and disagreement in 88 (28.3%) scans (� � 0.21;
95% CI, 0.09–0.32). There were four scans in which there was
a lack of two evaluable readings regarding honeycomb.

Comparison of interpretation by study-site radiologists and
core radiologists revealed that honeycombing was considered to
be present in 263 (83.8%) versus 287 (91.4%) scans, respectively
(� � 0.31; 95% CI, 0.16–0.45; Table 2). The presence of honey-
combing as assessed by study-site radiologists was corroborated
by core radiologists in 251 (95.4%) of 263 instances. However,

TABLE 1. IMAGING DIAGNOSIS OF IDIOPATHIC
PULMONARY FIBROSIS BY CORE RADIOLOGISTS

Diagnosis of the Consensus Diagnosis Based
First Two Readers* on Up to Three Reviews

Consistent with IPF 256 (81.3%) 283 (89.8%)
Inconsistent with IPF 15 (4.8%) 30 (9.5%)
Lack of agreement 44 (14.0%) 2 (0.6%)

Definition of abbreviation: IPF � idiopathic pulmonary fibrosis.
* For comparison of the interpretation by the first two readers using two catego-

ries (i.e., consistent with IPF, inconsistent with IPF), agreement � 271 (86.0%),
� � 0.33, 95% confidence intervals � 0.18–0.48.
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Figure 1. High-resolution computed tomography (HRCT) image
through the lower lungs shows peripheral predominant, basal predomi-
nant reticular abnormality, with honeycombing and traction bronchiec-
tasis and bronchiolectasis. These appearances are typical for idiopathic
pulmonary fibrosis (IPF).

honeycombing was found by core radiologists in 36 (70.6%) of
the 51 scans in which study-site radiologists considered honey-
combing to be absent.

Other CT features. Of the nine individual CT features for
which presence and extent were evaluated, only two had a mean
pattern extent score of more than 1: reticulation (mean, 1.7 �
0.6) and overall extent of fibrosis (mean, 1.9 � 0.6). Decreased

Figure 2. HRCT image through the lower lungs shows ground glass
abnormality, with centrilobular nodularity. There is no reticular abnor-
mality or honeycombing. These appearances are inconsistent with IPF.

TABLE 2. HONEYCOMBING: COMPARISON OF STUDY-SITE
RADIOLOGIST AND CORE RADIOLOGIST ASSESSMENTS

Interpretation of Core Radiologist*Interpretation of
Study-Site Radiologist Present Absent Total

Present 251 (79.9%) 12 (3.8%) 263
Absent 36 (11.5%) 15 (4.8%) 51
Total 287 27 314

* Honeycombing considered present if mean score 	 0 (i.e., either expert
thoracic reader observed honeycombing). For the comparison of the first two
expert thoracic reader interpretations, agreement � 223 (71.7%), � � 0.21,
95% confidence intervals � 0.09–0.32. For the comparison of medical center
radiologist versus expert thoracic reader interpretation, agreement � 266
(84.7%), � � 0.31, 95% confidence intervals � 0.16–0.45.

attenuation, centrilobular or other nodules, and consolidation
were rarely noted (mean scores, 0.01–0.04); bronchiolectasis was
commonly identified (seen in 97% of scans).

Comparison of Patients with Scans Consistent and
Inconsistent with IPF

The CT findings on 283 scans considered by consensus to be
consistent with IPF were compared with the 30 scans believed
to be inconsistent (Table 3). Scans considered consistent with IPF
were significantly more likely to show honeycombing, traction
bronchiectasis and bronchiolectasis, and lower lobe volume loss,
and less likely to show ground glass attenuation, decreased atten-
uation, mosaic attenuation, and centrilobular nodules than scans
not consistent with IPF. Neither crazy paving nor tree-in-bud
patterns were identified in any HRCT image in either subset of
patients.

Table 4 compares demographic features, baseline physiology,
and survival status in patients with scans consistent and inconsis-
tent with IPF. Patients with scans consistent with IPF were
younger and more likely to be male than those with inconsistent
scans. Their mean DlCO was lower, but FVC and A-a oxygen
gradient were not significantly different. Although the mortality
rate was lower in those with inconsistent scans (3.3 vs. 15.2%),
this difference was not statistically different.

Association of HRCT Characteristics with Physiologic Findings

Assessment of the association of selected baseline physiologic
characteristics (DlCO, FVC, and A-a gradient) with key baseline
HRCT features showed that percent-predicted DlCO was the
physiologic characteristic most consistently associated with con-
sensus diagnosis of IPF (Table 5). In addition, there was a robust
inverse association between baseline percent-predicted DlCO and
each of three selected radiographic characteristics (presence of
honeycombing, honeycomb pattern extent score, and overall ex-
tent of fibrosis score). Baseline percent-predicted FVC was sig-
nificantly inversely associated only with the extent of fibrosis score,
whereas A-a gradient was positively associated with the honey-
comb pattern extent score and the extent of fibrosis score but not
with consensus diagnosis of IPF or presence of honeycombing.

We also compared specific physiologic characteristics in pa-
tients with consistent versus inconsistent scans for IPF. Mean
baseline percent-predicted DlCO was significantly lower in pa-
tients with HRCT scans that were consistent with IPF: 36.1 �
9.9 versus 42.5 � 11.4%, p � 0.001. There were no marked
differences in baseline percent-predicted FVC (64.2 � 11.1 vs.
61.0 � 11.1%, p � 0.1) or A-a gradient (25.4 � 22.7 vs. 22.7 �
11.4 mm Hg, p � 0.2) in patients with IPF consistent versus
inconsistent scans, respectively.
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TABLE 3. HIGH-RESOLUTION COMPUTED TOMOGRAPHY CHARACTERISTICS IN SCANS
CONSISTENT VERSUS INCONSISTENT WITH IDIOPATHIC PULMONARY FIBROSIS

Consistent with Inconsistent with
Characteristics Total* (n � 313) IPF (n � 283) IPF (n � 30) p Value†

Honeycomb 287 (91.7) 270 (95.4) 17 (56.7) � 0.001
Ground glass attenuation 94 (30.0) 66 (23.3) 28 (93.3) � 0.001
Decreased attenuation 25 (8.0) 12 (4.2) 13 (43.3) � 0.001
Centrilobular nodules 10 (3.2) 6 (2.1) 4 (13.3) 0.010
Reticulation 313 (100.0) 283 (100.0) 30 (100.0) N/A
Emphysema 101 (32.3) 94 (33.2) 7 (23.3) 0.311
Nodules, not centrilobular 3 (1.0) 3 (1.1) 0 (0.0) 	 0.999
Consolidation 9 (2.9) 8 (2.8) 1 (3.3) 0.601
Bronchiolectasis 294 (93.9) 275 (97.2) 19 (63.3) � 0.001
Mosaic attenuation 25 (8.0) 13 (4.6) 12 (40.0) � 0.001
Lower lobe volume loss 224 (71.6) 210 (74.2) 14 (46.7) 0.003
Traction bronchiectasis 290 (92.7) 266 (94.0) 24 (80.0) 0.015
Upper lobe volume loss 49 (15.7) 43 (15.2) 6 (20.0) 0.439
Overall extent of fibrosis, mean score � SD 1.90 � 0.61 1.88 � 0.61 2.01 � 0.65 0.39‡

Definition of abbreviation: IPF � idiopathic pulmonary fibrosis; N/A � not applicable.
Characteristics are given as number (percentage) of patients with scans that had the finding identified.
* Total number of patients with a diagnosis consistent with IPF (283) or inconsistent with IPF (30).
† p values derived by two-tailed Fisher’s exact test.
‡ Wilcoxon rank-sum test.

Assessment of Risk Factors for Mortality

Forty-four (13.3%) patients died during the study (7). Univariate
analysis of baseline radiologic variables revealed the following
to be associated with a statistically significant increase in the risk
of mortality (i.e., p � 0.05): overall extent of fibrosis score, reti-
culation pattern score, honeycomb pattern score, and the presence
of reticulation as the predominant HRCT pattern (Table 6).
Baseline variables not significantly associated with mortality on
univariate analysis included ground glass pattern score, predomi-
nant pattern of ground glass, and consensus diagnosis of IPF.
Other baseline variables not associated with mortality (p 	 0.1)
were emphysema pattern score, predominant pattern of honey-
comb, and coexisting diagnosis of emphysema.

In addition, univariate analysis of baseline clinical variables
revealed the following to be associated with a statistically signifi-
cant increase in the risk of mortality (i.e., p � 0.05): A-a gradient,
percent-predicted DlCO, use of supplemental oxygen, and per-
cent-predicted FVC (Table 6). Baseline variables not signifi-
cantly associated with mortality on univariate analysis (p values
between 0.05 and 0.08 for each comparison) included treatment
group assignment (i.e., IFN-�1b or placebo), age, sex, University
of California–San Diego Shortness of Breath Questionnaire
score, baseline dyspnea index, and modified Medical Research
Council score.

Multivariate analysis identified three independent predictors

TABLE 4. COMPARISON OF CLINICAL FEATURES IN PATIENTS WITH SCANS CONSISTENT AND
INCONSISTENT WITH IDIOPATHIC PULMONARY FIBROSIS

Consistent with Inconsistent with
Total (n � 313) IPF (n � 283) IPF (n � 30) p Value

Age, yr (mean � SD) 63.59 � 8.59 64.09 � 8.43 58.90 � 8.81 0.002*
Male sex, no. (%) 215 (68.7) 201 (71.0) 14 (46.7) 0.012†

Percent-predicted FVC (mean � SD) 63.90 � 11.06 64.21 � 11.10 61.00 � 10.44 0.131*
Percent-predicted DLCO (mean � SD) 34.74 � 10.23 36.13 � 9.93 42.47 � 11.43 0.001*
A-a gradient (mean � SD) 25.17 � 10.98 25.43 � 10.92 22.67 � 11.42 0.190*
Survival, no. (%) of deaths 44 (14.1) 43 (15.2) 1 (3.3) 0.096*

Definition of abbreviations: A-a gradient � alveolar–arterial oxygen gradient; IPF � idiopathic pulmonary fibrosis.
* p value derived from two-sample t test.
† p value derived from Fisher’s exact test.

of mortality at entry into the study: a higher overall extent of
fibrosis pattern score (hazard ratio [HR], 2.71; 95% CI, 1.61–4.55;
p � 0.0001) was associated with an increased the risk of death,
whereas both a higher DlCO (HR, 0.94; 95% CI, 0.90–0.98; p �
0.004) and treatment assignment to IFN-�1b rather than placebo
(HR, 0.53; 95% CI, 0.28–0.99; p � 0.04) were associated with a
decreased risk of death (Table 7).

DISCUSSION

HRCT has become a central component of the diagnostic evalua-
tion of patients with suspected IPF (2), and guidelines for HRCT
evaluation have been generated (1, 2, 13, 14). However, it is
commonly recommended that interpretation be performed by
expert thoracic radiologists rather than by less experienced ob-
servers (2, 15, 16). The present study, using data derived from
a prospective, multinational trial comprising 58 medical centers,
shows that HRCT interpretation of IPF by study-site radiologists
(using predefined criteria) was confirmed by core radiologists in
90% of 315 baseline scans, and agreement on the presence or
absence of honeycombing was found in 85% of the scans. Thus,
the ability of study-site radiologists to diagnose IPF by HRCT
in this prospective study was quite good and better than expected
based on previous data (13).

There are several possible explanations for this finding. A
potential bias inherent in the study design is that both the study-
site radiologists and the core radiologists knew that the patients



492 AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE VOL 172 2005

TABLE 5. ASSOCIATIONS BETWEEN BASELINE HIGH-RESOLUTION COMPUTED TOMOGRAPHY
CHARACTERISTICS AND BASELINE CLINICAL CHARACTERISTICS

p Value†

Core Radiologist Interpretation % Predicted DLCO % Predicted FVC A-a Gradient

Consensus diagnosis of IPF, yes/no 0.002 0.11 0.23
Presence of honeycombing, yes/no � 0.001 0.82 0.80
Overall extent of fibrosis score* � 0.0001 0.002 � 0.0001
Honeycomb pattern extent score* � 0.0001 0.39 � 0.0001

Definition of abbreviations: A-a gradient � alveolar–arterial oxygen gradient; DLCO � diffusing capacity of carbon monoxide; IPF �

idiopathic pulmonary fibrosis.
* Analyzed as a continuous variable.
† Derived from the Wilcoxon rank-sum test for dichotomous reader interpretations and from the Spearman rank-order correlation

test for continuous scores.

were being entered into a clinical treatment trial for IPF, which
may have influenced their interpretation of the CT findings. The
use of predefined criteria for the assessment of the HRCT scan
by the study-site radiologists likely improved the consistency
of the evaluations. Also, expertise at the local level likely has
improved since earlier studies. In addition, the entry criteria
for this study were designed to ensure the likelihood of the
recruitment of true cases of IPF, thus inflating the sensitivity of
diagnosis. Furthermore, the high proportion (39 of 58) of aca-
demic medical centers participating in the trial (with likely access
to subspecialized thoracic radiologists), the selection of investi-
gational sites for their capabilities in the area of IPF, and the
training provided to study sites regarding the criteria used for
the study may render the study-site radiologists to be not truly
representative of the general community. In fact, we found no
apparent differences in the diagnostic capabilities of academic
and nonacademic sites (data not shown).

Importantly, there was poor agreement between the core
radiologists regarding the presence or absence of honey-
combing—the most critical feature consistent with a definite
diagnosis of IPF. Of note, the level of agreement between study-
site radiologists and core thoracic radiologists was similar (� �
0.31) to that between core radiologists compared with each other
(� � 0.21). Conceivably, this relatively low level of agreement
between core radiologists regarding the presence of honey-
combing reflects either the absence of standardized, prespecified

TABLE 6. UNIVARIATE ANALYSIS OF THE PREDICTORS
OF MORTALITY

95% Confidence
Hazard Interval of Hazard

Baseline Variable Ratio‡ Ratio p Value§¶

HRCT features
Overall disease extent score* 3.12 2.00, 4.89 � 0.0001
Reticulation pattern score* 2.69 1.71, 4.23 � 0.0001
Honeycomb pattern score* 3.06 1.75, 5.34 0.0001
Predominant pattern: reticulation† 0.41 0.17, 0.99 0.04

Other clinical features
Percent-predicted DLCO* 0.92 0.89, 0.96 0.0001
A-a gradient* 1.06 1.03, 1.09 � 0.0001
Current oxygen use† 2.37 1.29, 4.34 0.004
Percent-predicted FVC* 0.97 0.94, 1.00 0.03

Definition of abbreviation: DLCO � diffusing capacity of carbon monoxide; HRCT �

high-resolution computed tomography.
* Continuous scale.
† Dichotomous variable.
‡ Hazard ratio calculated by the Cox proportional hazards model, stratifying by

smoking status.
§ p value derived from the Wald �2 test on scores, stratifying by smoking status.
¶ Statistically significant results (i.e., p � 0.05) presented only.

guidelines for HRCT interpretation in this study or the true
difficulty with the interpretation of honeycombing in the scans
of many patients with IPF. Because the � value may be artificially
reduced when the prevalence of disease is either low or high,
this might have accounted in part for the relatively low � value
for most of the comparisons in this study (17). In future studies,
the use of standardized CT images for various CT patterns,
analogous to those used in the International Labour Organiza-
tion (ILO) classification system for chest radiographs, may help
reduce the discrepancy. Alternatively, computerized, automated
methods of disease characterization and quantification may be-
come helpful (18, 19).

Scans considered consistent with IPF were significantly more
likely to show honeycombing, traction bronchiectasis and bron-
chiolectasis, and lower lobe volume loss, and less likely to show
ground glass attenuation, decreased attenuation, mosaic attenua-
tion, and centrilobular nodules than scans not consistent with IPF.
These findings are not surprising given the established diagnostic
criteria for IPF. The male predominance, and slightly older age,
in patients with consistent scans reflects the typical demographics
of IPF. The lower DlCO found in these patients suggests that they
have more physiologic impairment than those with scans inconsis-
tent with IPF. A limitation of this analysis is that we did not
prospectively define the CT criteria for atypical IPF.

An analysis of the association between the histologic and
radiologic diagnosis of IPF (available in 65% of cases) revealed
a consensus diagnosis of IPF by core radiologists in 88% of
patients with a reported histologic diagnosis of UIP before study
entry, confirming the reliability of a typical UIP pattern seen on
HRCT in predicting the underlying UIP pathology (15). This
degree of concordance is higher than those cited in previous
studies (64 and 74% in References 17 and 18, respectively). It
is known that histologic confirmation of UIP on surgical lung
biopsy can be identified in a subset of patient who do not have
HRCT findings consistent with a definite diagnosis of IPF (6, 15).
However, the lack of centralized and standardized pathologic

TABLE 7. MULTIVARIATE ANALYSIS OF THE PREDICTORS
OF MORTALITY

Hazard 95% Confidence
Variable Ratio* Interval p Value†

Overall extent of fibrosis score 2.71 1.61, 4.55 � 0.0001
Baseline % predicted DLCO 0.94 0.90, 0.98 0.004
Treatment assignment to IFN-�1b 0.53 0.28, 0.99 0.04

Definition of abbreviation: DLCO � diffusing capacity of carbon monoxide.
* Hazard ratio calculated by the Cox proportional hazards model, stratifying

by smoking status.
† p value derived from the Wald �2 test, stratifying by smoking status.
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reading of surgical lung biopsies by consensus of an expert panel
of pathologists may have biased this estimate.

We found that several physiologic characteristics correlated
well with key HRCT findings at the time of study entry, especially
baseline percent-predicted DlCO. This is of particular interest
given that DlCO was one of only three independent predictors
of mortality identified in the multivariate analysis, suggesting
that baseline DlCO remains an important clinical indicator, even
when adjusted for HRCT findings. In addition, a higher overall
extent of fibrosis on HRCT was associated with a 2.7-fold in-
creased risk of mortality in the multivariate analysis (p � 0.0001).
These two findings agree with those of Mogulkoc and colleagues
(20), who identified percent-predicted DlCO and the HRCT fi-
brosis score as the sole two independent predictors of 2-year
survival in 115 patients with UIP.

The third independent predictor of mortality in our analysis
was randomized assignment to therapy with IFN-�1b rather than
placebo in the phase 3 study, which was associated with a signifi-
cantly reduced risk of death (HR, 0.53; 95% CI, 0.28–0.99; p �
0.04). This finding mirrors the trend toward increased overall
survival in patients receiving IFN-�1b identified in the primary
analysis of the trial (HR, 0.6; 95% CI, 0.3–1.1; p � 0.08) (10).
However, it should be emphasized that the current analysis is
exploratory.

Our findings support the usefulness of HRCT as an integral
part of the evaluation of patients with suspected IPF and suggest
that expertise in radiologic interpretation may be extending to
the level of regional medical centers. Also, our results identify
that the overall extent of lung fibrosis on HRCT (i.e., combined
extent of reticulation and honeycomb change) is a strong inde-
pendent predictor of mortality in patients with IPF.
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