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Abstract

Background and Purpose: Several imaging-based indices were constructed quantitatively using the emphysema index (EI)
and fibrosis score (FS) on high-resolution computed tomography (HRCT). We evaluated the ability of these indices to predict
mortality compared to physiologic results. Additionally, prognostic predictive factors were compared among subgroups
with biopsy-proven fibrotic idiopathic interstitial pneumonia (IIP) (biopsy-proven CPFE) and in a separate cohort with
subclinical CPFE.

Materials and Methods: Three chest radiologists independently determined FS. EI was automatically quantified. PFTs,
smoking history, and composite physiologic index (CPI) were reviewed. Predictors of time to death were determined based
on clinico-physiologic factors and CT-based CPFE indices.

Results: The prevalence of biopsy-proven CPFE was 26% (66/254), with an EI of 9.167.1 and a FS of 19.3614.2. In patients
with CPFE, median survival and 5-year survival rates were 6.0 years and 34.8%, respectively, whereas those in fibrotic IIP
without emphysema were 10.0 years and 60.9% (p= 0.013). However, the extent of fibrosis did not differ significantly
between the two cohorts. In subclinical CPFE, prevalence was 0.04% (93/20,372), EI was 11.3610.4, and FS was 9.167.1. FVC
and a fibrosis-weighted CT index were independent predictors of survival in the biopsy-proven CPFE cohort, whereas only
the fibrosis-weighted CT index was a significant prognostic factor in the subclinical CPFE cohort.

Conclusions: Recognition and stratification using CT quantification can be utilized as a prognostic predictor. Prognostic
factors vary according to fibrosis severity and among cohorts of patients with biopsy-proven and subclinical CPFE.
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Introduction

In idiopathic pulmonary fibrosis (IPF), there is a dire need for

accurate noninvasive measures of disease severity [1]. Variables

including pulmonary function tests (PFT), extent of desaturation

during a 6-min walk test, changes in forced vital capacity (FVC)

and diffusion capacity for carbon monoxide (DLco) have been

shown to have prognostic value [2–5]. Among routine indices, the

DLco has the strongest correlation with the morphologic extent of

disease, both histologically and on high-resolution computed

tomography (HRCT). However, the quantification of disease

severity using PFTs is often confounded by the concurrent

presence of emphysema, resulting in spurious preservation of lung

volumes and devastating depression of gas transfer [6,7]. Wiggins

et al. [8] demonstrated that these atypical physiologic and

radiological features can be explained by co-existent IPF and

emphysema, and that HRCT is valuable for assessing these

patients. Furthermore, the overall extent of fibrosis itself seen on

HRCT is an important independent predictor of mortality in

patients with IPF [9,10].

The composite physiologic index (CPI) was developed to

improve upon previous prognostic measures in IPF by adjusting

for emphysema and incorporating multiple components of

pulmonary function, such as forced expiratory volume in 1 second

(FEV1), FVC and DLCO [1]. CPI score at diagnosis predicted

mortality more accurately than individual PFT alone in patients

with concomitant IPF and emphysema [1,11]. However, accord-

ing to a recent study that evaluated whether emphysema affected

CPI or other individual measures of PFT in predicting patient

mortality [11], individual measures of pulmonary function worked

differently in predicting patient mortality based on the extent of

emphysema. In other words, the initial hypothesis was that CPI
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would be the strongest predictor of mortality in patients with

combined pulmonary fibrosis and emphysema (CPFE). However,

the data indicated that changes in FEV1 were the best surrogate

for predicting mortality in IPF patients as the extent of emphysema

increased in fibrotic lungs. These results emphasized the impor-

tance of identifying and estimating the severity of emphysema for

the optimization of patient outcomes [11].

In the present study, several imaging-based indices were

constructed quantitatively using the emphysema index (EI) and

the fibrosis score (FS) on HRCT. We evaluated the ability of these

indices to predict mortality and compared their performance with

those of previous physiologic factors. Additionally, prognostic

predictive factors were compared among subgroups with biopsy-

proven fibrotic idiopathic interstitial pneumonia (IIP) and in a

separate earlier cohort.

Materials and Methods

Our institutional review board (Samsung Medical Center,

Seoul, Korea, (approval #2013-09-097)) approved this retrospec-

tive study and the requirement for informed consent was waived.

Details on study population, pulmonary function test, and

imaging are provided in the File S1.

Study sample
For the biopsy-proven CPFE cohort, we included a total of 254

consecutive patients seen from 1996 to 2008 at Samsung Medical

Center who had pathologically confirmed fibrotic IIP on surgical

lung biopsy. Cases of combined fibrotic IIP and emphysema were

selected by two radiologists. The remaining 188 fibrotic IIP

patients without emphysema were categorized into the fibrosis

only cohort (Figure 1).

A separate CPFE cohort at the subclinical level was enrolled

from the screening sample. At first, we acquired our patient data

from 20,372 individuals who underwent chest CT for lung cancer

screening or metastasis work-up and were found to have

extrathoracic malignancy between June 2008 and May 2010.

The same two radiologists reviewed all CT images, and 93 CPFE

patients were identified. Seven of the 93 patients were excluded

from this study due to difficulties interpreting CT images due to

concurrent acute illness (n = 4) and poor imaging resolution (n= 3).

Imaging and Interpretation
Another three independent chest radiologists analyzed the CT

images [12]. The observers made subjective assessments of the

overall extent of fibrosis-related lung parenchymal abnormalities.

A score, which was estimated to the nearest 5% of parenchymal

involvement compared to whole lung volume (100%), was assigned

to each parenchymal abnormality. The total FS was calculated by

adding the scores of each lung parenchymal abnormality.

The three observers reached the most likely diagnosis based on

radiographic classification of the screening cohort [13]. They also

evaluated the distribution of emphysema.

To assess EI, we used in-house computerized software [14].

Using volumetric CT, the volume fraction of the lung below 2950

HU was calculated automatically and was defined as the EI [15].

Derivation of Imaging-driven Indices
We derived five CT indices as follows: Fibrosis score (FS),

emphysema index (EI), CPFE score, which combined FS and EI

(FS+EI), fibrosis-weighted CPFE score, which combined doubled

FS and EI (FS X 2+ EI), and emphysema-weighted CPFE score,

which combined FS and doubled EI (FS+EI X 2).

Statistical Analysis
Inter-reviewer agreement among the three radiologists was

reported using an intra-class correlation coefficient for total fibrosis

score. Patient demographics, as well as clinical and radiographic

data, were compared across cohorts using the unpaired t-test for
continuous variables, the Fisher’s exact test for categorical

variables, and the log-rank test for survival curves. A p-value ,

0.05 was considered significant in all cases. Predictors of time to

death were determined for patients using Cox proportional

hazards analysis. Variables associated with time to death based

on unadjusted analysis were considered for inclusion in the

multivariate model. Statistical analyses were conducted using

SPSS for Windows, version 15.0.

Figure 1. Flow chart of study design and patient population. CPFE= combined pulmonary fibrosis and emphysema; IIP = idiopathic interstitial
pneumonia.
doi:10.1371/journal.pone.0107476.g001
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Results

Study sample and outcomes
Criteria for the biopsy-proven CPFE cohort were met in 66 of

254 fibrotic IIP patients, representing 26.0% of the overall cohort.

In the subclinical setting, CPFE prevalence was 0.04% (93/

20,372) (Figure 1). Baseline clinical and CT features of subclinical

and biopsy-proven CPFE cohorts are compared in Table 1.

Significant differences were observed in age, sex, and smoking

history. Patients with subclinical CPFE were significantly older

than those with biopsy-proven CPFE and were primarily male. A

larger percentage of subclinical CPFE patients had a significant

smoking history compared to biopsy-proven CPFE patients.

Regarding PFT results, FVC was relatively more preserved in

the subclinical CPFE cohort than in the biopsy-proven CPFE

cohort (p,0.01). DLco results were available for 60 of 66 patients

(91%) among the biopsy-proven CPFE cohort, and 42 of 86

patients (49%) in the subclinical CPFE cohort. DLco was lower in

the subclinical CPFE cohort than in the biopsy-proven CPFE

cohort. On CT, the subclinical CPFE cohort had less severe

fibrosis (p,0.01). As for the subtypes of interstitial lung disease

identified in the subclinical CPFE cohort, respiratory bronchiolitis

(RB), RB-ILD, or desquamative interstitial pneumonia (DIP)

patterns were identified in 12% of patients (p,0.01). No

significant differences were noted in FEV1, emphysema distribu-

tion or EI between the biopsy-proven and subclinical CPFE

cohorts.

Regarding patient outcomes, median survival was 6.0 years and

the 5-year survival rate was 34.8% in patients with CPFE, whereas

it was 10.0 years and 60.9%, respectively, in fibrotic IIP patients

without emphysema (p=0.013). However, the severity of fibrosis

did not differ significantly between the two cohorts (mean 6 SD of

FS; 19.3614.2 and 19.5612.6, respectively, p=0.925) (Fig-

ure 2A). When Kaplan-Meier survival curves of fibrotic IIP

patients were subgrouped with a cut-off value of 20% FS, there

were significant survival differences in the subgroup with FS ,

20% (p=0.007), but those difference were not seen in the

subgroup with FS $20% (p=0.512) (Figure 2B). The threshold of

FS was chosen based on the trend of Kaplan-Meier survival curves

in each 5%-class of FS (Figure S1).

The intra-class correlation coefficient for FS among three

radiologists was 0.81 (95% confidence interval, 0.76–0.85).

Prediction of Survival in the Biopsy-Proven CPFE Cohort
In patients with biopsy-proven CPFE, on univariate analysis,

FVC and CPI were associated with greater risk of mortality as

compared to similar degrees of dysfunction in FEV1 and DLco.

Regarding CT features, the diagnosis of usual interstitial

pneumonia (UIP) and fibrosis-weighted CT index were associated

with higher mortality risk as compared to other CT-driven indices.

On multivariate analysis, only FVC and fibrosis-weighted CT

index were associated with a greater risk of mortality (Table 2).

Prediction of Survival in the Subclinical CPFE Cohort
In patients with subclinical CPFE, a positive smoking history

and fibrosis-weighted CT index were associated with greater

mortality on univariate analysis. Of these factors, only fibrosis-

weighted CT index was associated with mortality on multivariate

analysis (Table 3).

Table 1. Baseline subject characteristics of two cohorts with combined pulmonary fibrosis and emphysema.

Subclinical CPFE Biopsy-proven CPFE P-value

n=86 n=66

Age (y) 68.768.1 (41–87) 58.568.7 (44–72) ,0.01

Men (%) 85 (99) 50 (76) ,0.01

Ever smoker (%) 71 (83) 43 (65) ,0.01

Pulmonary function

FEV1 (% predicted) 98.0618.4 94.8618.1 0.07

FVC (% predicted) 98.3616.1 86.1618.3 ,0.01

DLco (% predicted) 69.6621.4 78.0620.1 0.04

CT features

Subtypes of Infiltrative Lung Disease ,0.01

UIP 47 (55) 53 (80)

NSIP 20 (23) 13 (20)

RB-ILD or DIP 10 (12)

Unclassifiable 9 (10)

Emphysema distribution 0.12

Upper predominance 53 (62) 48 (73)

Lower predominance 2 (2) 2 (3)

Diffuse distribution 31 (36) 16 (24)

Fibrosis score (range) 10.468.3 (5–45) 19.3614.2 (5–75) ,0.01

Emphysema index (range) 11.3610.4 (1.1–42.9) 9.167.1 (3.0–40.1) 0.18

Definitions of abbreviations: IIP = idiopathic interstitial pneumonia; FEV1 = forced expiratory volume in 1 second; FVC = forced vital capacity; DLco = diffusing capacity for
carbon monoxide; UIP = usual interstitial pneumonia; NSIP = nonspecific interstitial pneumonia; RB-ILD = respiratory bronchiolitis-associated interstitial lung disease;
DIP = desquamative interstitial pneumonia.
doi:10.1371/journal.pone.0107476.t001
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Discussion

Patients with IPF and emphysema are usually males with heavy

cigarette-smoking histories who experience severe dyspnea on

exertion with relatively conserved lung volumes despite dispro-

portionate impairment of gas exchange [2,16]. Emphysema affects

baseline PFTs by increasing lung volumes and decreasing DLCO

and FEV1/FVC, as well as altering changes in these values over

time. Ultimately, this influences the assessment of disease severity

at baseline and over time [2,16]. The inconsistent findings

pertaining to CPFE impact on survival are a problem in the

existing literature [17–22].

Ryerson [17] recently reported prevalence rates, clinical

features, and CPFE prognosis in IPF. An analysis of 29 patients

Figure 2. Kaplan-Meier survival curves of fibrotic IIP patients. (A) Stratified by CPFE vs. fibrosis only. (B) Stratified by CPFE vs. fibrosis only,
separately with a cut-off value of 20% FS.
doi:10.1371/journal.pone.0107476.g002

Table 2. Univariate and multivariate hazard ratios for mortality in a biopsy-proven CPFE cohort.

Univariate variable Hazard ratio 95% Confidence interval P-value

Age 1.06 0.99–1.14 0.12

Men 0.41 0.12–1.44 0.17

Ever smoker 1.80 0.81–3.45 0.13

Pulmonary function

FEV1 (% predicted)* 1.01 0.98–1.04 0.49

FVC (% predicted)* 1.07 1.00–1.14 0.04

DLco (% predicted)* 1.18 0.99–1.40 0.07

CPI 1.30 1.01–1.70 0.03

CT features

UIP diagnosis 2.91 1.05–8.01 0.02

FS 1.05 0.98–1.12 0.16

EI 1.04 0.93–1.16 0.49

FS+EI 1.02 0.99–1.04 0.07

Fibrosis-weighted CT index 1.01 1.00–1.02 0.04

Emphysema-weighted CT index 1.02 0.99–1.04 0.11

Multivariate variable Hazard ratio 95% Confidence interval P-value

FVC (% predicted)* 1.30 1.02–2.15 0.04

CPI 1.01 0.96–1.06 0.76

UIP diagnosis 0.74 0.12–4.69 0.75

Fibrosis-weighted CT index 1.82 1.47–7.04 0.03

Definitions of abbreviations: FEV1 = forced expiratory volume in 1 second; FVC = forced vital capacity; DLco= diffusing capacity for carbon monoxide; CPI = composite
physiologic index; UIP = usual interstitial pneumonia; FS = fibrosis score; EI = emphysema index.
*Hazard ratios reported for 10-unit change.
doi:10.1371/journal.pone.0107476.t002

CPFE: CT Quantification for Prognostic Prediction
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with CPFE among 265 IPF patients showed that there was no

significant difference in mortality between CPFE and fibrosis only

cohorts (hazard ratio 1.14, 95% confidence interval 0.61–2.13,

p= 0.69). These results seem to contradict the results of the

present study and those of several other related studies [23]. We

believe that these inconsistent results stem from the heterogeneous

study populations involved in these studies, as well as the fact that

predominant conclusions were often based on subgroup analyses

[17,23]. Ryerson [17] defined CPFE as $10% emphysema on

HRCT. A threshold of 10% has previously been used to define

CPFE with excellent inter-rater reliability (kappa 0.89) [18], and

the Global Initiative for Chronic Obstructive Lung Disease

(GOLD) suggested that this level of emphysema is expected to

have symptomatic and physiologic consequences [24]. Conse-

quently, the prevalence of CPFE detected by Ryerson [17] as

significantly lower than in previous studies (8% vs. 18.8 to 50.9%)

[23]. More importantly, in the study population, patients with

CPFE had less HRCT fibrosis compared to non-CPFE patients,

and the similar mortality rates seen in patients with CPFE and IPF

without emphysema is a reflects that the mortality risk factors

between CPFE (poor oxygenation and greater pulmonary

hypertension) and IPF without emphysema (greater degrees of

fibrosis) were approximately balanced. On the other hand, in the

present study, CPFE was associated with significantly higher

mortality than fibrosis only (p=0.013), even though the severity of

fibrosis did not differ significantly between the two groups

(p=0.925).

We additionally compared two groups stratified by a FS of 20%

on CT, and found that the difference in mortality was relevant

only for FSs ,20%. We also found that individual PFT measures

varied in terms of predicting patient survival in both cohorts. The

interaction between emphysema and fibrosis was very complicat-

ed. Effects on survival may differ according to degrees of fibrosis or

emphysema, making the clinical relevance of these results all the

more difficult to interpret. Recently, Schmidt et al. compared

CPFE and IPF without emphysema [11] and found that individual

measures of pulmonary function vary in their abilities to predict

mortality based on the quantity of emphysema, a finding that

could be interpreted in the same context.

We found that a fibrosis-weighted CT index was a significant

predictor of prognosis among a variety of predictive variables in

patients with both biopsy-proven and subclinical CPFE. These

findings may be partially explained by the effect of emphysema in

a subgroup with less severe fibrosis (,20%). We believe that our

study is the first trial to quantitatively measure EI and FS together

in CPFE patients, and to assess and evaluate the prognostic

significance of these two CT-based indices/scores. Over the years,

there have been significant advancements in HRCT technology,

and HRCT has become the standard approach to radiographic

evaluations of pulmonary fibrosis [9]. The use of quantitative

HRCT information may refine such analyses and expand on these

findings. EI is a value that can be easily acquired and is correlated

well with physiologic results or autopsy specimens [25]. Further-

more, FS is a well-known radiographic predictor of IPF [2]. We

applied quantitative CT analysis reflecting entire lung data as

compared to the subjective visual assessments or limited image

analyses used in previous studies [11,17]. Therefore, we provide

more accurate and localized evaluations of disease severity than

previous studies.

Our data highlight that the use of a fibrosis-weighted CT index

is a better surrogate for PFTs or CPI in predicting subsequent

mortality in patients with both biopsy-proven and subclinical

CPFE. Of course, our DLco data may not be conclusive, given

that data were not available for all patients. However, our results

Table 3. Univariate and multivariate hazard ratios for mortality in a subclinical CPFE cohort.

Univariate variable Hazard ratio 95% Confidence interval P-value

Age 3.19 0.51–20.0 0.21

Men 2.78 0.00–9.21 0.75

Ever smoker 2.87 1.65–10.03 0.03

Pulmonary function

FEV1 (% predicted)* 1.81 0.57–5.81 0.32

FVC (% predicted)* 0.24 0.04–1.42 0.11

DLco (% predicted)* 0.40 0.12–1.30 0.13

CPI 0.11 0.01–1.22 0.07

CT features

UIP diagnosis 8.97 0.00–29.01 0.73

FS 2.45 0.36–13.74 0.36

EI 1.96 0.09–40.62 0.66

FS+EI 1.06 0.97–1.15 0.16

Fibrosis-weighted CT index 2.45 1.09–5.36 0.04

Emphysema-weighted CT index 0.97 0.91–1.03 0.28

Multivariate variable Hazard ratio 95% Confidence interval P-value

Ever smoker 3.03 0.94–9.78 0.06

Fibrosis-weighted CT index 1.01 1.00–1.03 0.04

Definitions of abbreviations: FEV1 = forced expiratory volume in 1 second; FVC = forced vital capacity; DLco= diffusing capacity for carbon monoxide; CPI = composite
physiologic index; UIP = usual interstitial pneumonia; FS = fibrosis score; EI = emphysema index.
*Hazard ratios reported for 10-unit change.
doi:10.1371/journal.pone.0107476.t003
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were similar to those reported in a recent study conducted by

Schmidt et al. [11], in which DLco was not a significant predictor

of mortality in emphysema patients. In that study, there was a

possibility of selection bias, as more severely ill patients may be

unable to perform DLco tests. In contrast to such limitations, CT

is an easily accessible imaging tool regardless of symptom severity.

Our patients with fibrotic IIPs had milder radiologic fibrosis

than previously reported IPF patients, a finding that may help

explain the higher survival rates among this cohort than in

previous studies. We selectively included patients who were

scheduled to undergo surgical lung biopsy for IIP diagnosis.

Patients with typical UIP on imaging and who were not candidates

for biopsy were excluded. However, we focused more on

subclinical or early manifestations of IIP since clinical and

research settings indicate that HRCT facilitates the detection of

ILD in asymptomatic and undiagnosed individuals [26]. We found

a substantial compounding effect of emphysema on survival in

fibrotic IIP patients and less severe fibrosis. This reflects the

necessity of longitudinal and large-cohort studies of patients with

subclinical ILD. In the same context, we applied our analyses to

two different cohorts, a cancer screening cohort (subclinical

cohort) and another fibrotic IIP cohort (biopsy-proven cohort).

Results for these two cohorts were compared in order to identify

the prevalence of CPFE with reference to definite IPF as well as

the subclinical stage prior to definite IPF. In the two cohorts, FVC

and DLco worked differently; this indicates the importance of

assessing CPFE at the subclinical level. The detection of

subclinical fibrosis is increasing due to increased rates of lung

cancer screening via CT.

The current study had several limitations. First, our study was

retrospectively designed at a single tertiary center. Therefore,

some selection bias may have affected our findings. Second, the

results of physiologic tests were unavailable, especially for the

subclinical cohort. Third, we did not consider other prognostic

factors such as pulmonary hypertension; we evaluated only

physiologic and CT features as predictors of patient survival.

In conclusion, recognition and stratification of CPFE using

quantitative CT analysis may be an important prognostic tool. In

univariate and multivariate analyses, prognostic predictive factors

for survival may vary according to the severity of fibrosis and

patient characteristics, including whether the study cohort consists

of patients with biopsy-proven or a subclinical CPFE.
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Figure S1 Kaplan-Meier survival curves of fibrotic IIP
patients in each 5%-class of FS, stratified by CPFE vs.
fibrosis only (online only).

(TIF)

File S1.

(DOCX)

Author Contributions

Conceived and designed the experiments: HYL. Performed the experi-

ments: SHC HYL KSL. Analyzed the data: SHC HYL NK JBS.

Contributed reagents/materials/analysis tools: MPC OJK JH. Wrote the

paper: SHC HYL KSL.

References

1. Wells AU, Desai SR, Rubens MB, Goh NS, Cramer D, et al. (2003) Idiopathic

pulmonary fibrosis: a composite physiologic index derived from disease extent
observed by computed tomography. Am J Respir Crit Care Med 167: 962–969.

2. Ley B, Collard HR, King TE Jr (2011) Clinical course and prediction of survival
in idiopathic pulmonary fibrosis. Am J Respir Crit Care Med 183: 431–440.

3. Collard HR, King TE Jr, Bartelson BB, Vourlekis JS, Schwarz MI, et al. (2003)

Changes in clinical and physiologic variables predict survival in idiopathic
pulmonary fibrosis. Am J Respir Crit Care Med 168: 538–542.

4. Flaherty KR, Andrei AC, Murray S, Fraley C, Colby TV, et al. (2006)
Idiopathic pulmonary fibrosis: prognostic value of changes in physiology and six-

minute-walk test. Am J Respir Crit Care Med 174: 803–809.
5. Flaherty KR, Mumford JA, Murray S, Kazerooni EA, Gross BH, et al. (2003)

Prognostic implications of physiologic and radiographic changes in idiopathic

interstitial pneumonia. Am J Respir Crit Care Med 168: 543–548.
6. Doherty MJ, Pearson MG, O’Grady EA, Pellegrini V, Calverley PM (1997)

Cryptogenic fibrosing alveolitis with preserved lung volumes. Thorax 52: 998–
1002.

7. Wells AU, King AD, Rubens MB, Cramer D, du Bois RM, et al. (1997) Lone

cryptogenic fibrosing alveolitis: a functional-morphologic correlation based on
extent of disease on thin-section computed tomography. Am J Respir Crit Care

Med 155: 1367–1375.
8. Wiggins J, Strickland B, Turner-Warwick M (1990) Combined cryptogenic

fibrosing alveolitis and emphysema: the value of high resolution computed
tomography in assessment. Respir Med 84: 365–369.

9. Lynch DA, Godwin JD, Safrin S, Starko KM, Hormel P, et al. (2005) High-

resolution computed tomography in idiopathic pulmonary fibrosis: diagnosis and
prognosis. Am J Respir Crit Care Med 172: 488–493.

10. Shin KM, Lee KS, Chung MP, Han J, Bae YA, et al. (2008) Prognostic
determinants among clinical, thin-section CT, and histopathologic findings for

fibrotic idiopathic interstitial pneumonias: tertiary hospital study. Radiology 249:

328–337.
11. Schmidt SL, Nambiar AM, Tayob N, Sundaram B, Han MK, et al. (2011)

Pulmonary function measures predict mortality differently in IPF versus
combined pulmonary fibrosis and emphysema. Eur Respir J 38: 176–183.

12. Lee HY, Seo JB, Steele MP, Schwarz MI, Brown KK, et al. (2012) High-
resolution CT scan findings in familial interstitial pneumonia do not conform to

those of idiopathic interstitial pneumonia. Chest 142: 1577–1583.

13. Travis WD, Costabel U, Hansell DM, King TE Jr, Lynch DA, et al. (2013) An
official american thoracic society/european respiratory society statement: update

of the international multidisciplinary classification of the idiopathic interstitial
pneumonias. Am J Respir Crit Care Med 188: 733–748.

14. Park YS, Seo JB, Kim N, Chae EJ, Oh YM, et al. (2008) Texture-based

quantification of pulmonary emphysema on high-resolution computed tomog-

raphy: comparison with density-based quantification and correlation with

pulmonary function test. Invest Radiol 43: 395–402.

15. Chae EJ, Seo JB, Song JW, Kim N, Park BW, et al. (2010) Slope of emphysema

index: an objective descriptor of regional heterogeneity of emphysema and an

independent determinant of pulmonary function. AJR Am J Roentgenol 194:

W248–255.

16. Cottin V, Nunes H, Brillet PY, Delaval P, Devouassoux G, et al. (2005)

Combined pulmonary fibrosis and emphysema: a distinct underrecognised

entity. Eur Respir J 26: 586–593.

17. Ryerson CJ, Hartman T, Elicker BM, Ley B, Lee JS, et al. (2013) Clinical

features and outcomes in combined pulmonary fibrosis and emphysema in

idiopathic pulmonary fibrosis. Chest.

18. Mejia M, Carrillo G, Rojas-Serrano J, Estrada A, Suarez T, et al. (2009)

Idiopathic pulmonary fibrosis and emphysema: decreased survival associated

with severe pulmonary arterial hypertension. Chest 136: 10–15.

19. Todd NW, Jeudy J, Lavania S, Franks TJ, Galvin JR, et al. (2011) Centrilobular

emphysema combined with pulmonary fibrosis results in improved survival.

Fibrogenesis Tissue Repair 4: 6.

20. Kurashima K, Takayanagi N, Tsuchiya N, Kanauchi T, Ueda M, et al. (2010)

The effect of emphysema on lung function and survival in patients with

idiopathic pulmonary fibrosis. Respirology 15: 843–848.

21. Antoniou KM, Hansell DM, Rubens MB, Marten K, Desai SR, et al. (2008)

Idiopathic pulmonary fibrosis: outcome in relation to smoking status.

Am J Respir Crit Care Med 177: 190–194.

22. Akagi T, Matsumoto T, Harada T, Tanaka M, Kuraki T, et al. (2009)

Coexistent emphysema delays the decrease of vital capacity in idiopathic

pulmonary fibrosis. Respir Med 103: 1209–1215.

23. Jankowich MD, Rounds SI (2012) Combined pulmonary fibrosis and

emphysema syndrome: a review. Chest 141: 222–231.

24. Global Initiative for Chronic Obstructive Lung Disease (GOLD) (2011) Global

Strategy for the Diagnosis, Management and Prevention of COPD. Available:

http://www.goldcopd.org/. Global Initiative for Chronic Obstructive Lung

Disease (GOLD).

25. Bergin C, Muller N, Nichols DM, Lillington G, Hogg JC, et al. (1986) The

diagnosis of emphysema. A computed tomographic-pathologic correlation. Am

Rev Respir Dis 133: 541–546.

26. Doyle TJ, Hunninghake GM, Rosas IO (2012) Subclinical interstitial lung

disease: why you should care. Am J Respir Crit Care Med 185: 1147–1153.

CPFE: CT Quantification for Prognostic Prediction

PLOS ONE | www.plosone.org 6 September 2014 | Volume 9 | Issue 9 | e107476


