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Background: Gender, age, and physiology (GAP) staging was recently advocated for idiopathic pulmonary
fibrosis (IPF). However, clinical findings of GAP staging for IPF are limited. We aimed to investigate the
clinical characteristics of IPF patients according to GAP staging in our hospital.

Methods: We retrospectively reviewed patient medical records and chest high-resolution computed
tomography (HRCT) images from June 1, 2002, to December 31, 2012.

Results: We identified 54 IPF patients with [36 men; mean age: 71 years (range, 53-85 years)]. Mean
fibrosis and ground glass opacity (GGO) scores were 1.9 (0-4) and 1.6 (1-3.3), respectively. Mean percent
predicted forced vital capacity (% FVC), percent predicted diffusing capacity of the lung for carbon monoxide
(% DLco) were 70.6 (6.4-114.3), 49.2 (15-105.9), respectively. Cox proportional hazards model showed that
gender, percent predicted diffusing capacity of the lung for carbon monoxide (% DLco), and composite
physiologic index (CPI) were strong predictors of mortality. Stage III patients had more pulmonary
hypertension (50% wvs. 23%, 0%) and progressive modified Medical Research Council (nMRC) changes at
1 year (1.3 vs. 0.6, 1.1; P=0.07) compared with other stages.

Conclusions: In our cohort, GAP staging was useful for evaluating IPF severity. Stage III patients might
had more pulmonary hypertension and progressive dyspnea. Multicenter analyses are warranted to confirm

these findings.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is a common,
progressive fibrotic lung disease characterized by
honeycombing on high-resolution computed tomography
(HRCT) images (1-3). The median survival time of IPF
patients is approximately 3 years (4) and the most common
cause of death is progressive respiratory failure (5,6). Some
IPF patients have a stable clinical course, whereas others
have variable long-term courses and survival (7,8). Thus,
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predicting survival with IPF is quite important for patients.
For clinicians, many useful staging algorithms have
provided useful information, such as for systemic sclerosis-
associated interstitial lung disease (ILD) (9), lung cancer (10),
and chronic obstructive lung disease (COPD) (11). A
prediction model for IPF was proposed (12), although this
is quite complicated for use in clinical practice. Recently,
some staging systems that used simple variables were
proposed for IPE, which included respiratory hospitalization
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or gender, age, and physiology (GAP) (13,14).

Kazerooni et al. proposed a CT scoring system for
IPF (15). In addition, the latest IPF guidelines emphasize
the utility of HRCT findings (16). From the clinical
perspective, a simple staging system that is applicable to
real world situations is desirable. However, the clinical and
radiological characteristics of IPF according to GAP staging
remain unknown.

Thus, in this study, we used the GAP staging system to
determine the clinical characteristics, HRCT findings, and
the most important predictors of mortality for IPF patients.

Materials and methods
IPF patients and recorded results

We retrospectively reviewed the medical records and chest
HRCT images of IPF patients who visited our hospital from
June 1, 2002 to December 31, 2012. And we chose IPF
patients with diagnostic criteria of 2011 international IPF
guideline (16). We recorded age, gender, smoking history,
modified Medical Research Council (nMRC) dyspnea scale
scores (17), dyspnea duration, pulmonary hypertension, and
survival. We also recorded repeated mMRC evaluations that
were made after 1 year.

We also reviewed the laboratory results for white blood
cell (WBC) counts and lactate dehydrogenase (LDH),
C-reactive protein (CRP), and Krebs von den Lungen-6
(KL-6) levels. In terms of physiological findings, we
recorded vital capacity (VC), percent VC (% VC), forced
vital capacity (FVC), percent FVC (% FVC), total lung
capacity (TLC), percent TLC (% TLC), percent FEV,
(% FEV,), DLco, % DLco, DLco/alveolar volume
(KCO), and percent KCO (% KCO). We also performed
cardiac echograms each year to evaluate pulmonary arterial
hypertension (PAH).

And the definition of PAH was over 35 mmHg of
estimated systolic pulmonary arterial pressure, which was
calculated by transtricuspid pressure gradient pressure plus
right atrial pressure. Chest CT images were obtained with
1.5-mm-thick axial sections at 1-cm intervals throughout
the thorax during the inspiratory phase. No oral or
intravenous contrast material was administered. We selected
three levels for image scoring. These were at the aortic arch,
the carina, and 1 cm above the right diaphragm. We also
evaluated ground glass opacity (GGO) and honeycombing.
GGO was defined as increased opacity in the parenchyma
without obscuring of any lung vessel.
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Honeycombing was defined as a cluster of relatively
thick-walled (1-3 mm) cysts that were 3-10 mm in diameter
with multiple cysts that shared walls and a single layer of
clustered subpleural cysts located in the periphery of the
lung, thus ensuring that paraseptal emphysema was not
present (18). Each lung lobe was scored on a scale of 0-5
0, <5%, 5% to <25%, 25% to <50%, 50% to <75%, and
>75% lobe involvement) for both GGO and honeycombing
on the basis of the scoring system of Kazerooni ez a/. (15).
The GGO and honeycombing scores for each lobe were
averaged for an individual patient.

GAP staging system

For the GAP staging system, we reviewed % FVC and
% DLco results. In addition, we assessed % FEV,, % TLC,
and % KCO. We calculated the composite physiologic
index (CPI) using the formula (19): CPI =91~ (0.65x %
DLco) - (0.53x % FVC) + (0.34x % FEV)).

We then evaluated the results for each clinical,
physiological, and radiological variable according to GAP
staging.

Acute exacerbation was diagnosed based on Collard
criteria (20).

Analysis

The results for continuous variables are given as means =
standard deviations and those for categorical variables are
given as percentages. Chi-square and Fisher’s exact tests
were used to compare the results for categorical variables,
and unpaired 7-tests and Mann-Whitney U tests were
used to compare the results for continuous variables. Cox
regression analysis was used to identify significant factors
for predicting patient mortality. Kaplan-Meier survival
curves and log-rank tests were used to compare patient
survival according to GAP stages. The level of statistical
significance was set at P<0.05. STATA software V.11.0 (Stata
Corp., College Station, TX, USA) was used for all analyses.

Results

Patient characteristics

During the study period, we identified 54 IPF patients for
whom there were sufficient data. The clinical characteristics
of these IPF patients are shown in 7ible 1. They included
36 men and 18 women, with a mean age of 71 years (range,

www.jthoracdis.com 7 Thorac Dis 2015;7(5):843-849



Journal of Thoracic Disease, Vol 7, No 5 May 2015

Table 1 Clinical characteristics of IPF patients

ltems IPF (n=54)
Age (years) 71 [53-85]
Men/women 36/18
Pack-year 34 [3-120]
Modified MRC dyspnea scale 1.8 [1-3]
Dyspnea duration (months) 8.4 [0.3-60]
Clubbing (%) 44.4

WBC (mm®) 9,113 [4,000-19,400]
LDH (IU/L) 250 [144-407]
KL-6 (IU/L) 1,296 [183-4,250]
% FVC 70.6 [46.4-114.3]
% DLco 49.2 [15-105.9]
% KCO 82.4 [77.5-91.5]
% TLC 80.0 [34.7-115.4]
% FEV, 86.7 [48.9-175.2]

Fibrosis score 1.9 [0-4]
Ground glass opacity score 1.6 [1-3.3]
Surgical lung biopsy (%) 9 (16.7%)

Survival (months) 33.0 [0.5-120]

IPF, idiopathic pulmonary fibrosis; MRC, Medical Research
Council; WBC, white blood cell; LDH, lactate dehydrogenase;
KL-6, Krebs von den Lungen-6; % FVC, percent forced vital
capacity; % DLco, percent predicted diffusing capacity of the
lung for carbon monoxide; % KCO, percent KCO; % TLC,

percent total lung capacity; % FEV,, percent FEV;.

53-85 years). Among these patients, 37 were ex or current
smokers and had a mean 34 pack-year history (range,
3-120 pack-year). Mean mMRC dyspnea scale scores and
dyspnea duration were 1.8 (range, 1-3) and 8.4 months
(range, 0.3-60 months), respectively. A total of 24 patients
(44.4%) had clubbing. Regarding female patients, we
checked connective tissue (CTD) associated symptoms and
autoantibodies and ruled out CTD.

Table 1 shows the laboratory results (WBC counts and
LDH, CRP, and KL-6 levels), pulmonary function test
results (% FVC, % DLco, % KCO, % TLC, and % FEV)),
and mean scores for fibrosis and GGO on chest HRCT.
The mean fibrosis score for the lower lung field was 2.5
(range, 1-5). The mean CPI score for these IPF patients
was 52.7 (range, 0.6-91). Our interobserver agreement of
HRCT scoring data was 0.56.

The overall median survival time of these patients
was 33.0 months (range, 0.5-120 months). During this
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observation period, 32 (59.2%) patients died; of these, 20
(62.5%) died because of acute exacerbations and 6 (18.8%)
died from pulmonary hypertension.

IPF clinical characteristics and GAP stages

Table 2 shows the clinical characteristics of the 54 IPF
patients according to GAP stages I-III. Mean fibrosis and
CPI scores according to GAP stages were 1.8 and 40.9 for
stage I, 2.0 and 54.1 for stage II, and 1.8 and 69.7 for stage
III, respectively. Stage III patients had pulmonary arterial
hypertension (PAH) more frequently compared with
stage II patients (50% wvs. 23%, P<0.036). Mean systolic
pulmonary artery pressures of stage I1I and stage II patients
were 52 mmHg (range, 40-66 mmHg) and 40 mmHg (range,
35-48 mmHg), respectively.

We re-evaluated mMRC dyspnea scale scores at 1 year
(Table 3). Within 1 year, 18 patients died. Therefore, we
analyzed serial change according to the survival duration.
Delta mMRC scores tended to increase with stage III as
compared with those with stage I and stage II, although
these differences were not significant (P=0.07). Stage
IIT patients tended to have a higher incidence of acute
exacerbations than stage II and stage I patients (58.3% uvs.
40.9% and 20.0%, respectively).

With respect to treatment, only 5 patients (9.3%) were
followed without any treatment. A total of 27 patients (50%)
received prednisolone (PSL) alone, and 17 (31.5%) received
both PSL and immunosuppressants. Only 3 patients (5.6%)
received pirfenidone alone; these patients belonged to GAP
stage I or stage II. These three patients had stable course
including FVC and clinical symptoms over 3 years. All stage
IIT patients received medications, including PSL, PSL with
immunosuppressants, or PSL with pirfenidone.

Predictors of IPF patient mortality

Univariate model showed hazard ratio (HR) of GAP was
1.350 (95% CI: 1.083-1.684; P=0.008). Adjusted for age,
we did a Cox proportional hazards model showed that
gender (HR: 55.2,95% CI: 36.31-74.17, P<0.001), % DLco
(HR: 1.7, 95% CI: 1.25-2.15, P<0.001), and CPI (HR: 1.8,
95% CI: 1.17-2.51, P<0.001) were strong predictors of
mortality (Table 4). HRCT fibrosis score did not predict
mortality compared with physiological parameter or gender
in our cohort. C-statistics with ROC curve was 0.718.
Kaplan-Meier survival curves according to GAP staging
indicated that the mean survival time of stages I, II, and III
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ltems Stage | (n=20) Stage Il (n=22) Stage Il (n=12) P value

Baseline mMRC 1.2 1.8 2.7 0.04

KL-6 (IU/L) 1,235+814.8 1,397+1,096.6 1,208+750.2 0.80

GGO score 1.4+0.4 1.7+£0.6 1.6+£0.6 0.19

% FVC 80.7+15.2 75.8+17.4 44.2+15.8 <0.00

PAH (%) 10 23 50 <0.00

Survival (months) 50.8+31.0 23.6+28.2 20.6+20.7 <0.00

Kaplan-Meier survival estimates

1.00 4
ltems Delta mMRC P = 0.0006
0.75 -
o
o
S 0.50
(% Stage | (n=20)
0.251 Stage Il (=22)
P value <0.07 L Stage Il (n=12)
0.00 -

50 100 150
Anaiysis time (months)

Figure 1 Survival curves based on GAP staging. GAP, gender, age,

Items Hazard ratio 95% Cl P value and physiology.
LDH 2.2 0.85-3.64 0.006
Discussion

% FVC 1.6 0.48-2.67 0.010

In this study, we determined the clinical characteristics of

LDH, lactate dehydrogenase; % DLco, percent predicted
diffusing capacity of the lung for carbon monoxide; % FVC,
percent forced vital capacity; CPI, composite physiologic index.

patients was 50.8 months, 23.6 months, and 20.6 months,
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IPF patients in our hospital on the basis of the simple GAP
staging system that was proposed by Ley ez 4l (14). For
physicians, it is important to decide which patient to treat
and how to monitor or predict the course of a progressive
disease such as IPE. If we can employ simple variables and
tools, it may be possible to create an applicable staging
system for use in hospitals worldwide. Our study provides
crucial findings for each stage of this GAP system for IPF
patients.

Stage I patients tended to follow a good clinical course
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compared with stage II and III patients. This group of IPF
patients had no evidence of pulmonary artery hypertension.
Based on pulmonary function and CPI values, these patients
had better preserved respiratory function. However,
Kondoh et 4l. have shown that some IPF patients develop
disease progression without any initial pulmonary function
impairment (21). Thus, we should monitor disease activity
carefully (22).

Thin-section chest CT scanning is useful for evaluating
ILD (23,24). The latest IPF guidelines emphasize the
importance of chest HRCT findings (16). Therefore, we
selected the fibrosis scoring system devised by Kazerooni
et al. to evaluate disease severity because of its easy
applicability (15).

With respect to honeycombing, we considered Fleischner
Society definitions (18,25). Stage II patients had the highest
fibrosis scores and the majority of these patients received
aggressive therapy (26,27). In our cohort, stage II patients
had good prognosis slightly compared with stage III patients.
Stage II patients may have had more good activities of daily
living and slow progression partly with intensive treatment.
In Figure 1, stage II patients had poor prognosis than stage
IIT at some points. Possible reason is due to progressive
fibrosis with high HRCT score. However, HRCT fibrosis
score did not predict mortality completely in our cohort. One
possible reason is stage II had less often had PAH than stage
III. Vasculopathy or hyper coagulopathy may contribute
more to both acute exacerbation and mortality in our IPF
patients. In terms of physiology and imaging, we should
follow up these two stages IPF patients carefully and require
comprehensive management.

In contrast, our stage III patients had poor prognosis
despite having similar fibrosis scores. One possibility was
that the patients in this group had PAH as speculative. For
IPF associated with PAH, both monitoring and management
strategies have been proposed (28,29). Second is stage 111
patients had acute exacerbations more frequently compared
with the patients in the other two groups. We receive many
advanced IPF patients from other local hospital. Therefore,
our rather high incidence of AE-IPF may be referral bias.
Regarding acute exacerbations in IPF patients, we have
recently proposed staging-based management (30).

In addition, our stage III patients exhibited greater
increased mMRC breathlessness scale during 1-year
observation. From the clinical perspective, cough has been
proposed as providing prognostic information for IPF
patients (31,32). We believe that this association between
changes in mMRC breathlessness scale scores and IPF
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staging in our cohort is a novel finding. New Idiopathic
Interstitial Pneumonias (IIPs) guidelines have proposed
considerations of disease behavior (33). Serial monitoring of
major clinical symptom trends is crucial for managing this
progressive disease.

Finally, with regard to treatment, the antifibrotic drug
pirfenidone was effective for stage I and stage II patients in
our cohort, similar to the results of previous reports (34-37).
However, our stage I1I patients progressed despite receiving
pirfenidone. Recently, patients who showed greater declines
in FVC were reported to have demonstrable responses
to pirfenidone therapy (38). Sakamoto et 4. also reported
efficacy of pirfenidone for advanced-stage IPF patients (39).
However, there is no consensus regarding which patients
should be treated with pirfenidone. We need more large
sample size for resolving these controversy issue.

There were several limitations in our study. First,
this was retrospective study, small sample size and some
clinical data were missing. Second, this was a single-
center study with some selection bias. Thus, our results
may not be applicable for all IPF patients. However, the
epidemiological and clinical characteristics of our cohort
were comparable to those of cohorts in previous reports.
Third, we evaluated PAH with cardiac echograms and not
by cardiac catheterization. Estimated pulmonary arterial
pressure by cardiac echo were approximately 10 mmHg
higher than catheter evaluation in 40-50%. Severe-stage
patients could not undergo such an invasive procedure;
thus, it was impossible to perform catheterization for
all patients. However, we did comprehensive diagnostic
approach including physical examination, blood test and
chest imaging. In addition, the clinical courses of our
patients with IPF and PAH were consistent with those of
similar patients in previous reports.

In conclusion, we determined the clinical characteristics
of IPF patients on the basis of GAP staging. Combined
evaluations of dyspnea changes, PAH, GAP stages, and
fibrosis scores are quite important for disease behavior and
for predicting the mortality of IPF patients. Additional
multicenter studies are essential for validating our proposal.
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