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AsBsTRACT. Objective: Combined pulmonary fibrosis and emphysema (CPFE) is a clinicoradiological syndrome
characterized by upper lobe emphysema and lower lobe fibrosis, most commonly associated with idiopathic
pulmonary fibrosis (IPF). This study compared the clinical characteristics, functional parameters, and mortality
of patients with CPFE and IPF who received antifibrotic therapy. Methods: Between October 2015 and Au-
gust 2022, patients with IPF treated with antifibrotics for at least 6 months were retrospectively evaluated and
divided into two groups: CPFE (emphysema present) and IPF (emphysema absent). Demographic data, antifi-
brotic therapy, functional parameters before and after treatment (FEV1%, FVC%, DLco %), clinical outcomes
(hospital admissions, mortality) were compared. Results: Of the 204 patients with IPF, 90 (44%) had CPFE.
CPFE patients were more often male, had greater smoking history, higher pack-years, and more lung cancer
than IPF patients (p < 0.001 for all). Post-treatment FEV1% and FVC% did not significantly differ between
the groups, whereas DLco% declined significantly in both (p < 0.001 and p = 0.002). DLco% decreased more in
IPF than CPFE, but the difference was not statistically significant [-3 (-11-3) vs. -0.43 (-1.1-0.2), p = 0.36].
The hospital admission rates were similar. Independent risk factors for mortality included CPFE diagnosis (HR:
1.73, 95% CI: 1.06-2.83, p = 0.029), low FVC% (HR: 0.970, 95% CI: 0.96-0.98, p < 0.001), and device use
(long-term oxygen therapy [LTOT] or home non-invasive mechanical ventilation [NIMV]) (HR: 2.48, 95%
CI: 1.50-4.09, p < 0.001). Mean survival was shorter in patients with emphysema than in those without em-
physema (5.08 vs. 5.68 years, p = 0.08). Conclusions: Despite a decline in DLco%, changes remained below the
futility threshold. Clinical outcomes and mortality were comparable. CPFE diagnosis, low FVC%, and LTOT/
NIMV use independently predicted higher mortality.
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INTRODUCTION

Combined pulmonary fibrosis and emphysema
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(CPFE) is a clinico-radiological syndrome in which
emphysema and fibrosis are present in the upper and
lower lung zones, respectively(1). Idiopathic pulmo-
nary fibrosis (IPF) is a chronic, fibrosing interstitial
lung disease of unknown etiology that histopatho-
logically and radiologically exhibits the features of
“usual interstitial pneumonia”(2). While CPFE is
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most commonly associated with IPF, it has also been
reported in other fibrotic lung diseases, such as con-
nective tissue disease-associated interstitial lung dis-
ease and fibrotic hypersensitivity pneumonitis (1,3).
The estimated prevalence of CPFE in IPF ranges from
8% to 45% (4-8). This variance is attributed to differ-
ences in emphysema definitions across studies, as well
as the genetic predispositions and smoking histories
of the patients included. Numerous studies highlight
distinct demographic, clinical, functional, and prog-
nostic features of CPFE compared to IPF(1,5-9). In
almost all of these studies, CPFE has been reported
predominantly in males and in heavy smokers. These
patients exhibit worse quality of life and higher re-
jection rates post-lung transplantation compared to
IPF patients (5,9). Functionally, CPFE patients have
higher forced vital capacity (FVC) but lower carbon
monoxide diffusion capacity (DLco) than IPF pa-
tients (5,10). CPFE is also associated with increased
risks of lung cancer and pulmonary hypertension,
which adversely affect prognosis (11-13). In the lit-
erature, while some studies report higher mortality in
CPFE compared to IPF, others show no difference
or even better survival (6,8,14,15). Treatment op-
tions for CPFE are limited and include smoking ces-
sation, bronchodilators for obstructive lung disease,
oxygen therapy for hypoxemia, and lung transplanta-
tion in select cases (16). Antifibrotic drugs were first
used in Japan in 2008 and subsequently approved in
Europe and the United States in 2014. Numerous
studies have demonstrated that antifibrotic therapies
(pirfenidone or nintedanib) slow the decline in lung
function, reduce the risk of acute exacerbations, slow
disease progression, and prolong progression-free
survival in IPF patients(17,18). However, few stud-
ies have compared clinical, functional, and mortality
outcomes of antifibrotic therapy between CPFE and
IPF patients. The present study aimed to investigate
whether clinical outcomes, functional parameters,
and mortality differ between CPFE and IPF patients
following antifibrotic therapy.

MATERIALS AND METHODS

This single-center, retrospective, observational
cohort study was conducted at a tertiary care hospital
for respiratory diseases. All data were obtained from
the hospital’s electronic medical records. Approval
was obtained from the Non-Invasive Clinical Re-
search Ethics Committee under protocol code 116.

2017. R-242.

Patient selection

Patients diagnosed with IPF between October
2015 and August 2022 who received antifibrotic treat-
ment (pirfenidone or nintedanib) for at least 6 months
were included. Participants were divided into two
groups: CPFE (emphysema present) and IPF (emphy-
sema absent). Follow-up continued until March 2023,
with a mean follow-up duration of 4.09 years (+1.80).

IPF diagnosis

The diagnosis of IPF was made according to
the American Thoracic Society, European Respira-
tory Society, Japanese Respiratory Society, and Latin
American Thoracic Society statement (ATS/ERS/
JRS/ALAT) guideline criteria: a histopathological or
radiological pattern of usual interstitial pneumonia
(UIP) and exclusion of other known causes of pul-
monary fibrosis (autoimmune diseases and environ-
mental or occupational exposures) (2).

CPFE diagnosis

CPFE was defined as IPF with radiological
evidence of emphysema (centrilobular, paraseptal, or
mixed patterns) in the upper lung zones (1). Emphy-
sema was assessed using thoracic or high-resolution
computed tomography (HRCT) images archived in
the hospital’s Picture Archiving and Communication
System. All scans were performed using a 16-slice
Toshiba Alexion 16 CT scanner (Toshiba Corpora-
tion, Tokyo, Japan), with slice thicknesses of 4 mm
(standard CT) or 1 mm (HRCT). Emphysema was
defined as low-attenuation areas in the upper zones
with well-defined borders, wall thickness <1 mm or
absent walls, and/or multiple blebs >1 cm compared
to adjacent normal lung parenchyma(1). Emphysema
types were classified into three categories: centrilobu-
lar, paraseptal, and mixed (centrilobular + paraseptal).
Emphysema scoring was performed using a modified
Goddard Score to account for the coexistence of em-
physema and fibrosis(19). Scoring was based on the
proportion of emphysematous lung parenchyma at ax-
ial slices above the highest point where the ascending
aorta appeared. Four grades were defined by percent-

age of affected parenchyma (Figure 1). These were:

- Score 0: no abnormality
- Score 1: 1-25%; mild (minimal apical
emphysema)
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Figure 1. High-resolution computed tomography: Score 1, high-resolution computed
tomography in 66-year-old male 22 p/y current(a);Score 2 72-year-old male 40p/y
former(b),;score 3, 74-year-old male 20p/y former (c); Score 4, 57-year-old male with
lung cancer, 40p/y current (d)

- Score 2: 26%—-50%, moderate

- Score 3: 51%—75%, marked

- Score 4: 276, severe (parenchyma largely re-
placed by emphysema)

For patients with emphysema scores between
26% and 75%, to minimize error, each axial slice
was divided into four equal quadrants per lung by
imaginary straight lines, and the emphysematous/

normal parenchyma ratio was classified as 26%—-50%
or 51%-75%.

All radiological assessments were performed by
an experienced thoracic radiologist and a pulmonol-
ogist. There were no disagreements between the two
doctors regarding emphysema. The final diagnosis
of IPF and CPFE was established by a multidisci-
plinary team (MDT).” Our institution is a tertiary
referral center where weekly MDT meetings are
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held with a pulmonologist, a rheumatologist, and a
thoracic radiologist experienced in interstitial lung
diseases. All diagnoses and treatment decisions, in-

cluding those for IPF and CPFE, are made during
these meetings

Inclusion criteria

- Definitive diagnosis of IPF (radiological and/
or surgical biopsy confirmation, MDT assess-

ment) (Figure 2).
Exclusion Criteria

- Absence of thoracic CT or HRCT images

- Fibrosis pattern other than UIP

- Incomplete data

- <6 months of antifibrotic therapy (discon-
tinued by patient choice or due to adverse
effects)

- Death before completing 6 months of therapy
- Patients receiving another diagnosis during

follow-up (Figure 2).

Demographic characteristics (age, sex), smok-
ing status (current/former/never), pack-years, co-
morbidities (hypertension, diabetes mellitus, chronic
lung diseases, lung cancer, etc.), method of IPF di-
agnosis (surgical biopsy vs. radiological), and de-
vice use (long-term oxygen therapy [LTOT], home
non-invasive mechanical ventilation [NIMV]) were
compared between the two groups. Antifibrotic
treatments (pirfenidone, nintedanib), treatment-
related side effects, and treatment switches (treatment
switches between pirfenidone and nintedanib when
no effect was achieved with one of the antifibrotic
drugs or when side effects were encountered) were
recorded. Pulmonary function parameters (forced ex-
piratory volume in 1 second [FEV1]%, FVC%, and
DLco%) measured before and at least 6 months after

Patients diagnosed with IPF receiving antifibrotic treatment (N=286)

(October 2015 — August 2022)

=

Excluded (N:82
=Patients without HRCT or thoracic CT(N=5)
=Patients with unavailable data (N=17)
=Patients who could not complete antifibrotic treatment (N=33)
- Discontinued treatment voluntarily (N=13)
-Discontinued due to drug-related side effects (N=20)
=Patients who died during treatment (N=17)
=Patients diagnosed with another disease during follow-up
=10)

Study population ('N—204)

/- N\

IPF (N=114, 56%)

CPFE (N=90, 44%) | * l

% FEV1

% FVC

% DLco
Demographic features
Emergency Unit/
Hospital/ICU

= Mortality

Figure 2. Flow Chart. Abbrevations: CT: computed tomography; Dlco, diffusing capacity of the lungs for carbon
monoxide; FEV1%, forced expiratory volume in 1 second (percentage); FVC, forced vital capacity; ICU, intensive
care unit; IPF, idiopathic pulmonary fibrosis; CPFE, combined pulmonary fibrosis and emphysema; HRCT, high-

resolution computed tomography
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treatment were compared between the two groups.
Clinical outcomes, including emergency department
visits, number of hospitalizations, hospitalization
setting (ward or intensive care), and mortality, were
also compared.

Statistical analysis

All statistical analyses were performed us-
ing SPSS 27 (IBM Corp., Armonk, NY, USA).
Kolmogorov—Smirnov test was used to assess the dis-
tributionof continuousvariables. Normallydistributed
continuous variables were presented as mean # stand-
ard deviation; non-normally distributed variables as
median (interquartile range). Categorical variables
were expressed as counts and percentages. Relation-
ships between categorical variables were analyzed
using Pearson’s chi-square or Fisher’s exact test. In-
tergroup comparisons of normally distributed con-
tinuous variables were conducted with the Student’s
t-test, while the Mann—Whitney U test was used for
non-normally distributed variables. Within-group
pre- and post-treatment comparisons of continuous
variables were conducted with the paired-samples t-
test for parametric data or the Wilcoxon signed-rank
test for non-parametric data. Spearman’s correla-
tion coeflicient was employed to assess relationships
between two non-normally distributed quantita-
tive variables. Survival analyses were performed us-
ing the Kaplan—Meier method, and group survival
curves were compared using the log-rank, Breslow,
and Tarone—Ware tests. Cox regression analysis with
backward stepwise selection was used to identify
mortality-related factors. In the analysis, variables
included CPFE diagnosis, age, baseline FVC%, base-
line DLco%, and home device use (LTOT/NIMV).
Results were considered significant at p <0.05 (95%
confidence interval).

REesuLTs

A total of 204 patients who met inclusion cri-
teria and received antifibrotic therapy were divided
into two groups: CPFE (n = 90) and IPF (n = 114).
Although the mean age was similar in both groups,
the proportion of males (92% vs. 63%, p < 0.001),
smokers (96% vs. 55%, p < 0.001), and median
pack-years (40 vs. 3 pack-years, p < 0.001) were
significantly higher in the CPFE group. The preva-

lence of lung cancer was also significantly greater in

the CPFE group (16% vs. 3%, p < 0.001). During
follow-up, 33% (n = 67) of all patients used LTOT
and 4% (n = 9) used home NIMV, with no significant
difference in device use between groups (Table 1).

Thoracic CT and HRCT findings

Among the 90 CPFE patients, the most common
emphysema phenotype was mixed centrilobular +
paraseptal (n = 46, 23%), followed by paraseptal
(n = 41, 20%) and centrilobular alone (n = 3, 1%)
(Figure 3a). When the emphysema burden was
scored, 52 patients (25%) had <25% involvement, 20
(10%) had 26%-50%, 10 (5%) had 51%-75%, and 8
(4%) had >276% (Figure 3b).

Spearman’s correlation analysis showed a mod-
erate positive correlation between emphysema score
and pack-years (r = 0.59, p < 0.001) and a weak
negative correlation between emphysema score and

DLco% (r = -0.19, p = 0.006) (Table 2).
Antifibrotic treatments

The majority of patients (79%, n = 159) re-
mained on their initial antifibrotic agent: pirfeni-
done was used in 56%, and nintedanib in 44%. There
were no statistically significant differences between
groups in rates of pirfenidone versus nintedanib use
or drug switches (p = 0.07 and p = 0.12, respectively)
(Table 1).

Pulmonary function tests before and after treatment

At the end of treatment, there were no sig-
nificant changes from baseline in mean FEV1% or
FVC% in either group. However, median DLco%
declined significantly in both CPFE and IPF groups
(p < 0.001 and p = 0.002, respectively). When the
delta values of these parameters were compared, no
statistically significant differences were observed for
any parameter (Table 3).

Clinical Outcomes (Emergency Department Visits,
Hospitalizations, Intensive Care Unit [[CU] Admissions)

When emergency department visits, hospitali-
zations, and ICU admissions during the last year of
follow-up were compared, no significant differences
were observed between the CPFE and IPF groups
(all p > 0.05) (Table 4).
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Table 1. Baseline characteristics in the over all study population

Total CPFE IPF

(N=204) (N=90,44%) | (N=114,56%) p
Age, years, meantSD 70 =8 69+8 70+8 0.26*
Sex, Male, n (%) 155(76) 83(92) 72 (63) <0.001°
Smoking history* 7 (%) <0.001°
- Current /Former 124(75) 77(96) 47(55)
- Never 42(25) 3(4) 39(45)
Pack-years of cigarette smoking™, median (IQR) 25(0-40) 40 (30-50) 3 (0-30) <0.001¢
BMI, kg/mz’, median (IQR) 28 (26-31) 28 (25-31) 28 (26-32) 0.14¢
Comorbidities, n (%) 190 (93) 84(93) 106(93) 0.92°
- Hypertension 121(59) 54(60) 67(59) 0.85
- Diabetes 62(30) 27(30) 35(31) 0.91
- Chronic lung diseases 103(51) 48(53) 55(48) 0.47
- Anxiety/mood disorders 47(23) 18(20) 29(25) 0.36
- Malignite 26(13) 1921) 7(6) 0.003
- Lungcancer 17(8) 14(16) 3(3) <0.001
- Peripheral vascular disease 15(7) 7(8) 8(7) 0.83
- Cerebrovascular diseases 17(8) 7(8) 10(9) 0.78
- Atrial fibrillation/flutter 34(17) 18(20) 16(14) 0.25
- Cardiovascular diseases 82(40) 37(41) 45(40) 0.81
- Reflux/gastritis 22(11) 8(9) 14(12) 0.43
Diagnosis, n (%) 0.41°
- Surgical lung biopsy 32(16) 12(13) 20(17)
- Without surgical lung biopsy 172 (84) 78(87) 94(83)
Ventilation support, n (%)
- LTOT 67(33) 33(37) 34(30) 0.30°
- Home NIMV 9(4) 5(6) 4(3) 0.51°
Pulmonary rebabilitation, n (%) 40 (20) 17 (19) 23(20) 0.81°
Antifibrotic therapy, n (%) 0.07°
- Pirfenidone 114 (56) 44 (49) 70 (61)
- Nintedanib 90 (44) 46 (51) 44 (39)
Antifibrotic therapy switch, n (%) 43 (21) 14(16) 29(26) 0.12¢
- No switch in antifibrotic therapy 159 (79) 75 (83) 84 (74)
- Switch from pirfenidone to nintedanib 24 (56) 6 (7) 18 (16)
- Switch from nintedanib to pirfenidone 19 (44) 8(9) 11 (10)
- Follow up year 4.09 (1.80) 3.92 (1.61) 4.23 (1.93) 0.21°

Results are presented as n (%), median (IQR: interquartilerange), or mean (SD: Standard deviation). *Smoking status was un available
for 38 patients; *pack-year data was unavailable for 55 patients. * Student’s t-test, b Pearson’schi-squared test, © Mann—Whitney U test,
4 Fisher'sexact test. Abbreviations: BMI, body mass index; NIMV, home non-invasive mechanical ventilation; LTOT, long-term oxygen
therapy; IPF, idiopathic pulmonary fibrosis; CPFA, combined pulmonary fibrosis and emphysema.

Mortality and survival

The mean follow-up period was 4.09 (+1.80)
years, and 33% (n = 67) of the patients died during
the follow-up period. Median overall survival for the

entire cohort was 6.76 years. The 1-year survival rate
was 92%, the 3-year survival rate was 76%, and the
5-year survival rate was 57% (Figure 4a). When the
groups were analyzed separately; median survival
was 5.08 years in the CPFE group, with 1-, 3-, and
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Figure 3. Emphysema Types and Scoring. A) Emphysema Types. B) Emphysema Scoring

Table 2. Correlation analysis between emphysema score and
smoking pack-years and pulmonary function tests*

Emphysema score
R ?
Smoking package years 0.592 <0.001
FVC% 0.081 0.25
DLco% -0.194 0.006

Abbrevations: FVC, forced vital capacity; DLCO, diffusing capac-
ity for carbonmonoxide. *Spearman correlation

5-year survival rates of 90%, 73%, and 47%, respec-
tively; while median survival was 5.68 years in the
IPF group, with 1-, 3-, and 5-year survival rates of
93%, 78%, and 64%, respectively.

Kaplan—Meier survival curves for both groups
are shown in Figure 4b. Although median survival
was shorter in the CPFE group (5.08 vs. 5.68 years),
the difference was not statistically significant accord-
ing to log-rank, Breslow, or Tarone—Ware tests (p >
0.05) (Figure 4). The Cox proportional hazards model
was highly significant (p < 0.001). In the final back-
ward stepwise model, CPFE diagnosis, lower base-
line FVC%, and home device use (LTOT/NIMYV)
were independently associated with increased mor-
tality. Specifically, CPFE diagnosis was associated
with a 1.73-fold increase in mortality risk, each 1%
decrease in baseline FVC% was associated with a 3%
increase in risk, and device use was associated with a

2.48-fold increased risk (Table 5).
Discussion

In the present study, functional status, clinical
features, and mortality after antifibrotic therapy were

compared between CPFE and IPF patients. Both
groups showed a significant decline in predicted
DLco% after treatment compared to baseline. How-
ever, this decrease did not exceed the cut-off values
established in the national health bulletin for discon-
tinuing antifibrotic therapy. The 6-month changes in
pulmonary function, emergency department visits,
hospitalizations (ward and ICU), and mortality rates
were similar between groups. Across all patients,
CPFE diagnosis, lower baseline FVC, and device
use for respiratory failure were risk factors associated
with increased mortality.

As in almost all previous studies, our CPFE co-
hort comprised predominantly male patients with
heavy smoking histories compared to the IPF group
(1,5-8). Smoking is well known to be a major risk
factor for both emphysema and fibrosis(20). In a re-
cent large-scale study, smoking doubled the risk of
CPFE among interstitial lung disease patients, and,
similarly to our findings, a weak but significant cor-
relation was observed between emphysema score
and pack-years(21). Schwartz et al. demonstrated a
strong relationship between increasing pack-years
and impaired gas exchange (reflected by low DLco)
(22). Consistently, the present study also showed
that higher pack-years were associated with higher
emphysema scores and lower DLco. Chae et al. re-
ported that CPFE patients who continued smoking
experienced more rapid disease progression com-
pared to those who quit (23). Moreover, longitudi-
nal studies have documented progressive functional
decline and structural damage in both diseases over
time(10). Therefore, smoking cessation in these pa-
tients is crucial to mitigate the expected functional
loss. The incidence of lung cancer in IPF is higher
than in the general population(24), and emphysema
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Table 3. Comparison of delta values indicating response to antifibrotic therapy and pulmonary function tests between patients with CPFE

and IPF
CPFE IPF
(N = 90) (N=114)
6™ month of 6™ month of
Before treatment teratment ? Before treatment teratment P

FEV1%, median (IQR) 81(69-93) 80 (70-97) 0.78" 82 (66-94) 81(66-94) 0.46°
FVC % predicted, 76.5+17.7 78.1+20.4 0.42° 76.6 (19.3) 74.2 (21.7) 0.10°
mean+SD

DLco % predicted, 50 (40-61) 44.5 (35-54.8) <0.001* | 55.5(43.2-67.8) 50 (41-61) 0.002°
median(IQR)

FEV1% A -1(-4-5) -1(-8-6) 0.69¢
FVC,% A -0.04 (0.35) -0.05(0.32) 0.79%
DLco, % A -0.43(-1.1-0.2) -3(-11-3) 0.36¢

*Wilcoxon test; "Paired samples t-test; ‘Mann—Whitney U test; dStudent’s t-test. Abbreviations: IPF, idiopathic pulmonary fibrosis; CPFA,
combined pulmonary fibrosis and emphysema; FEV;, forced expiratory volume in 1 second; FVC, forced vital capacity; DLco, diffusing

capacity for carbonmonoxide

Table 4. Emergency department visits, hospital and intensive care unit admissions in patients with CPFE and IPF

Total CPFE IPF P
Emergency department visits, median (IQR) 0(0-2) 0(0-3) 0(0-1) 0.14*
Hospital admission, median (IQR) 1(0-3) 1(0-3) 1(0-3) 0.86
Intensive care uni tadmission, median (IQR) 0(0-1) 0(0-1) 0 (0-5) 0.77*
Mortality, n (%) 67 (33) 34 (38) 33 (29) 0.74>

Results are presented as n (%) or median (IQR: interquartile range). * Mann—Whitney U test; b Pearson’schi-squared test. Abbreviations:
CPFA, combined pulmonary fibrosis and emphysema; IPF, idiopathic pulmonary fibrosis

—MSurvival Fune
~+= Censored

4

Years of follow-up

Log Rank (Mentel.Coz) 0,08
Breslow Generalized Wilcozon) 0,18
‘asone-Ware 0.12

2 4 6 8

Years of follow-up

Figure 4. Kaplan-Meier Survival Curves in The Follow-up Period and Comparison of Both Groups. A) Survival
outcomes of the study population based on Kaplan-Meier analysis. B) Comparison of survival outcomes i between
CPFA and IPF groups on Kaplan-Meier analysis. Abbrevations: IPF, idiopathic pulmonary fibrosis; CPFE, combined
pulmonary fibrosis and emphysema

further increases this risk (25). In line with previous
reports, the present study found a higher prevalence
of lung cancer in CPFE patients compared to IPF
patients. This finding underscores the need for closer
surveillance for malignancy in the CPFE population.

Pirfenidone and nintedanib, the antifibrotic agents
used in IPF treatment, have been shown to reduce
annual FVC decline, decrease exacerbation frequency,
and prolong progression-free survival (17,18). In

Turkey, pirfenidone has been available since 2014
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Table 5. Cox regression analysis of factors associated with mortality in all patients

95 % CI forExp(B)

B SE ‘Wald Sig. Exp(B) Lower Upper
Step 1 CPFE 0.54 .25 4.52 0.03 1.71 1.04 2.81
Age, years 0.02 0.02 1.06 0.30 1.02 0.98 1.05
Baseline DLco% -.00 .01 0.25 0.62 0.99 0.98 1.01
Baseline FVC % -.03 .01 15.90 .00 0.97 0.96 0.98
(LTOT/home NIMV) 0.89 0.26 11.89 0.01 2.4 1.46 4.0
Step 2 CPFE 0.55 25 4.87 0.03 1.74 1.06 2.85
Age, years .01 .02 .90 0.34 1.01 0.98 1.05

Baseline FVC% -.03 .01 21.15 0.00 0.97 0.96 0.99
(LTOT/home NIMV) .90 25 12.40 0.00 2.45 1.49 4.04
Step 2 CPFE 0.55 25 4.78 0.029 1.73 1.06 2.83
Baseline FVC% -.03 .01 20.56 <0.001 0.97 0.96 0.98
(LTOT/home NIMV) 0.91 .25 12.67 <0.001 2.48 1.50 4.09

Abbreviations: CPFA, combined pulmonary fibrosis and emphysema; FVC, forced vital capacity; DLco, diffusing capacity for carbonmonoxide;
NIMYV, non-invasive mechanical ventilation; LTOT, long-term oxygen therapy.

and nintedanib since 2017. Functional assessments
are important for treatment planning, follow-up, and
predicting prognosis. While FVC and DLco guide
antifibrotic therapy evaluation in IPF, their roles
in CPFE remain unclear for several reasons. First,
CPFE exhibits distinct functional characteristics
from IPF: preserved FVC due to opposing effects
of emphysema and fibrosis, and reduced DLco from
alveolar—vascular loss (16). Second, the rates of an-
nual functional decline differ between CPFE and
IPF. Kurashima et al. reported FVC decline in 71% of
IPF patients versus 26% of CPFE patients(7). Akagi
et al. found greater functional loss in IPF than CPFE
over 1 year (FVC% -8.0 vs. -1.2, p < 0.001; DLco
-10.7 vs. -3.7, p = 0.042), and attributed this to the
counterbalancing effects of emphysema and fibrosis
in CPFE (10). In our cohort, both groups experienced
functional declines by the end of treatment. FVC de-
cline was not significant, whereas DLco decline was
significant in both groups. The decline in DLco was
greater in the IPF group (-3 vs -0.43, p = 0.36), but
this difference was not statistically significant (p =
0.36). When these post-treatment functional assess-
ments were examined, declines in FVC and DLco
did not exceed the national health bulletin’s thresh-
olds for defining nonresponse and discontinuation of
treatment (210% for FVC and >15% for DLco). The
6-month treatment evaluation period was selected
based on the requirements of national guidelines at

the time. Consequently, despite functional decline in
both groups, discontinuation of antifibrotic therapy
was unnecessary, and treatment was continued (26).
Few studies have reported antifibrotic treatment
outcomes in CPFE. In a phase 3, double-blind trial
conducted across fifteen countries (n = 1,061), sub-
group analysis showed that nintedanib significantly
reduced annual FVC decline in CPFE patients
(27). Another study assessing antifibrotic efficacy at
baseline and at 3, 6, and 12 months reported a non-
significant 4% decline in DLco over time (p > 0.05)
(28). Sangani et al. reported no significant functional
decline apart from DLco in either CPFE or IPF
groups, and noted comparable mortality, suggesting
a survival benefit from antifibrotics (7). Studies in
which not all patients received antifibrotic therapy
reported that the presence of emphysema did not ad-
versely affect mortality (5,12). Consistent with these
findings, we observed no difference in mortality be-
tween the CPFE and IPF groups. However, CPFE
diagnosis, lower baseline FVC, and LTOT emerged
as independent risk factors for mortality in the Cox
regression model. These discrepancies may stem from
heterogeneity in emphysema-fibrosis distribution or
patient selection. A recent multicenter investigation
recommended that an annual DLco decline of >10%
should be considered in CPFE patients, whereas an
annual FVC decline of 25% should guide assessment
in IPF patients (29). In our cohort, most CPFE
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patients had low emphysema scores and received
antifibrotics for less than one year. Future studies
should explore longer treatment durations and in-
clude patients with more severe emphysema. Oxy-
gen therapy—an indicator of advanced disease—has
been previously linked to increased mortality (30). In
fact, a multicenter study reported a 2.43-fold higher
hospitalization risk among emphysema patients on
oxygen therapy compared to those not using oxygen
(5). This study has several limitations. First, the study
was retrospective and conducted in a single center.
Second, pulmonary hypertension—a key prognostic
factor in CPFE—was excluded from analysis due to
insufficient data. Third of limitations of our study is
that the follow-up period for antifibrotic therapy was
limited to 6 months due to national health policy
regulations at the time. We believe that future studies
with longer follow-up periods may provide impor-
tant additional information. On the other hand, the
definitive diagnosis of IPF in all patients, the evalu-
ation of all imaging scans by an experienced radiolo-
gist, scoring of emphysema, and the follow-up of the
cases by an experienced MDT at a recognized refer-
ence center for respiratory diseases are the strengths
of the study.

CoONCLUSION

This study evaluated the antifibrotic treat-
ment response, clinical outcomes, and mortality
in CPFE and IPF patients. Both CPFE and IPF
groups showed significant post-treatment declines in
DLco%, though responses were similar overall. These
declines remained below the cutoff thresholds for
treatment nonresponse, and antifibrotic therapy did
not need to be discontinued. Clinical outcomes and
survival rates were similar between groups. However,
CPFE diagnosis, lower baseline FVC, and home res-
piratory device use (LTOT/NIMYV) were identified
as independent risk factors for increased mortality.
These findings support the continuation of antifi-
brotic therapy in CPFE patients and underscore the
need for close clinical monitoring and careful man-
agement of risk factors in this population.
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