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Definite UIP
14%

Possibel UIP
19%

Chronic HP
25%

NSIP/CTD-ILD
23%

RB-ILD/CPFE
12%

Sarcoidosis
7%ILD

Smoking-related ILD

Am J Respir Crit Care Med 2019;199:A3370

Extensive smoking and 
Environmental exposure

Interstitial Lung Disease Among US Veterans: 
Pilot Study of a Prospective Registry 



Eur Respir J 2005; 26: 586–593

2005

CPFE 2005

Heavy smoking 
history

Exercise 
hypoxemia

Upper lobe 
emphysema and 

lower lobe fibrosis

Unexpected 
subnormal lung 

volumes

Unexpected severe 
reduction of carbon 
monoxide transfer

Poor survival

High prevalence of 
pulmonary 

hypertension

Severe impairment 
of gas exchange

Subnormal 
spirometry

Prevalence of CPFE is still 
not specifically known
Emphysema: 8~51% in IPF
PF: 4.4~8% in Emphysema 



Upper-lobe emphysema Lower-lobe pulmonary fibrosis

Eur Respir J 
2005; 26: 
586–593



Pathogenesis

Cigarette 
smoking

Occupational 
exposures

Connective tissue 
disease (CTD)

Genetic 
susceptibility

Still 
Unclear

8%

N Engl J Med. 2011, 10;364(10):897-906

Mineral dust exposure
Agrochemical compounds

Tyre industry worker
Welder

礦物粉塵暴露
農用化學品
輪胎行業工人
焊機

CTD-associated CPFE
1. lower prevalence of pulmonary hypertension
2. better survival

Mutations in the essential
telomerase genes (hTERT
or hTR)

Idiopathic 
CPFE

J Thorac Dis 2015;7(4):767-779



CPFE Related to Systemic Sclerosis

RMD Open 2019;5:e000820



Complications

Pulmonary arterial 
hypertension (PAH)

Lung cancer

Acute lung injury

47-90% in CPFE
50% in COPD
31-46% in advanced IPF

35.8-46.8% in CPFE
6.8-10.8% in COPD
22.4-31.3% in IPF

The mortality rate and median survival time 
from onset of ALI: 75% and 22 days

J Thorac Dis 2015;7(4):767-779

19.8% in CPFE+lung cancer
27.3% during surgery
20% during chemotherapy 
16.7% during radiation



No PAH
Systolic arterial pulmonary pressure < 45 mmHg

PAH
Systolic arterial pulmonary pressure > 45 mmHg

P=0.03

75%

25%

50%

Eur Respir J 2005; 26: 586–593

CPFE with Pulmonary 
arterial hypertension 

(PAH)



IPF and Lung Cancer

J Cancer Res Clin Oncol (2016) 142:1855–1865

Lung cancer in IPF
1. Most commonly SQCC
2. Presents in elderly heavy smokers with a male
3. Locating in peripheral regions and the lower part of 

lung predominance
PLoS ONE 13(8): e0202360.2018



CPFE Syndrome and Lung Cancer

Operative Outcomes

Ann Thorac Surg 2016;102:440–7

Acute Lung Injury



CPFE Syndrome and Lung Cancer

J Pulm Respir Med 2015, 5:3

Ann Thorac Surg 2016;102:440–7



Nature Reviews Disease Primers volume 3: 17074 (2017); Lancet 2017; 389: 1941–52

Epithelial cell 
damage

Remodeling

菜瓜布肺



CPFE
Respiratory Medicine 117 (2016) 14-16



CPFE

CPFE

Respiratory Medicine 117 (2016) 14-16

SRIF



The European IPF Registry (eurIPFreg)

Respiratory Research (2018) 19:141

Change in IPF treatment over time



Australian IPF Registry - Antifibrotic Therapy May 
Improve Survival, Regardless of Disease Severity

Jo HE et al. Eur Respir J 2017;49:1601592

Australian IPF 
Registry:

• The mortality 
rate across all 
patients after 4
years was 44%

• GAP stage was a 
strong predictor 
of mortality

CI, confidence interval; HR, hazard ratio

Patients receiving antifibrotics had better survival (HR 0.56, 95% CI 
0.34–0.92, P=0.02), irrespective of underlying disease severity

Kaplan–Meier Survival Analysis by Treatment with 
Antifibrotics
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Severe IPF
Eur Respir Rev 2017; 26: 170047



IPF 
Comorbidities

Emphysema 
(CPFE)

Lung Cancer

Pulmonary 
Hypertension

Venous 
Thromboembolism

Sleep-disordered 
Breathing

Deconditioning

Depression and 
Anxiety

Coronary Artery 
Disease

GERD

International Journal of General Medicine 2015:8 309–318

Respiratory Medicine 129 (2017) 46-52

The European IPF Registry 
(eurIPFreg) 2018

Respiratory Research (2018) 19:141

CPFE



Respiratory 
Medicine 117 
(2016) 14-26

Lower DLCO by ∼15%
Am J Respir Crit Care Med 1997; 155:1367–1375.

Higher lung volumes by 5–10%
Am J Respir Crit Care Med 1997; 155:1367–1375.

> 50% Eur Respir J 2010; 35: 105–111.

FVC less reliable in CPFE
Eur Respir J 2011; 38: 176–183



du Bois et al, AJRCCM 2011

Decline in %FVC in the
preceding 24 weeks

Mortality in the subsequent 48 
weeks

0 – 4.9 % 5 %

5 – 9.9 % 12 %

> 10 % 24 %

Prognosis of IPF
FVC Decline and Mortality

Less Reliable in CPFE

Eur Respir J 2011; 38: 176–183



BMC Pulmonary Medicine (2016) 16:137



BMC Pulmonary Medicine (2016) 16:137

CPI = 91.0−(0.65 ×
DLCO%)−(0.53 × FVC%) 
+ (0.34 × FEV1%)

Composite Physiologic Index (CPI)



BMJ Open Resp Res 
2016;3: e000099



Patterns of Exacerbations

AE-IPFAE-COPD

CPFE IPFEmphysema (COPD)

Am J Respir Crit Care Med 2019;199:A3368



Respiratory Medicine 117 (2016) 14-26

CPFE Phenotypes



IPF

Aging, Mitochondrial 
Dysfunction, and 

Cellular Bioenergetics
in IPF

Front. Med. 5:10. 2018. 



TGF-ß Signaling in Lung Health and Disease

CPFE

Int. J. Mol. Sci. 2018, 19, 2460



Int. J. Mol. Sci. 2018, 19, 2460



Int. J. Mol. Sci. 2018, 19(11), 3611



Caveolin-1 in Fibrosis

Front. Pharmacol., 24 August 2017



Caveolin-1 

Increase Decrease

Premature senescence of lung 
fibroblasts and emphysema 

formation alternating

Propagation of EMT and 
collagen deposition

CPFE

Sildenafil therapy
Attenuated the 
parenchymal caveolin-1 
expression and 
remodeling in 
emphysematous areas, 

Not effective in reducing 
endothelial cell caveolin-1 
expression as well as 
VSMC hypertrophy

Am J Respir Crit Care Med 2019;199:A523

窖蛋白-1 



Functional Respiratory Imaging (FRI)

Respir Res. 2018 Nov 6;19(1):213.

Early Diagnosis of IPF



Quantitative CT Analysis 

Quantitative CT-derived 
honeycombing area (HA)
and percentage of HA (%HA)

PLoS One. 2019 Mar 21;14(3):e0214278.

composite physiologic index

Krebs von den Lungen-6

Greater (> 4.8%) %HA

Smaller (< 4.8%) %HA



Visual CT analysis Computer-based (CALIPER) CT analysis

Visual emphysema 40%

Visual ILD extent 30%

CALIPER emphysema 23%

CALIPER ILD extent 7.5%

Normal

Eur Respir J 2017; 50: 1700379

IPF

Traction bronchiectasis

IPF without visually emphysema

IPF with visually emphysema

DLCO <35%



Cardiopulmonary Exercise Testing (CPET) in CPFE

VE/VCO2 
Slope 

Mortality

> 41

Sensitivity and specificity of 92 and 81%
(area under the ROC curve 0.90, p<0.001)

Median survival in VE/VCO2 slope >41 was 44 (34-54) months 

,compared to 83 (75-91) months in others (p<0.001)

Am J Respir Crit Care Med 2019;199:A7139

CPFE

Independently associated with mortality
[OR 1.32, 95%CI (1.06-1.66), p=0.01]



CPFE IPFEmphysema (COPD)

Physiological Response to Exercise and Vital Prognosis in CPFE

Higher Peak Respiratory 
Rate 

More Oxygen 
Desaturation During 

Exercise

More Oxygen 
Desaturation During 

Exercise

Shorter Survival time Shorter Survival time

Am J Respir Crit Care Med 2019;199:A7140

Similar regarding peak values of oxygen uptake, workrate, heart rate, oxygen pulse, 
ventilation, ventilatory threshold, dyspnea and ventilation/CO2 production slope

26 (17-65) vs 59 (48-71) 
months, HR 2.4 (95%CI 

1.01-5.30), p=0.04

26 (17-65) vs 38 (19-66) 
months, HR 0.96 (95%CI 

0.41-2.21), p=0.87.



Treatment
Smoking cessation

Keep Away 
occupational 

exposures

Oxygen therapy

Vaccination against 
influenza and 

pneumococcus

Pulmonary 
rehabilitation 

Specific pulmonary 
hypertension therapies

Lung transplantation

Nintedanib
Pirfenidone

N-acetylcysteine

Systemic corticosteroids 
Immunosuppressants

Inhaled 
bronchodilators

CTD-associated CPFE
Still 

Unclear
No Specific 

Effective 
Treatments

Eur Respir J 2010;35:105-11
Arthritis Rheum 2011;63:295-304

J Thorac Dis 2015;7(4):767-779

May be the only reasonable 
and effective measure to 

improve survival

Treatment



Treatment of IPF

Treatment of Emphysema

Nintedanib

Treatment of PAH



Treatment
Smoking cessation

Keep Away 
occupational 

exposures

Oxygen therapy

Vaccination against 
influenza and 

pneumococcus

Pulmonary 
rehabilitation 

Specific pulmonary 
hypertension therapies

Lung transplantation

Nintedanib
Pirfenidone

N-acetylcysteine

Systemic corticosteroids 
Immunosuppressants

Inhaled 
bronchodilators

CTD-associated CPFE
Still 

Unclear
No Specific 

Effective 
Treatments

Eur Respir J 2010;35:105-11
Arthritis Rheum 2011;63:295-304

J Thorac Dis 2015;7(4):767-779

May be the only 
reasonable and effective 

measure to improve 
survival

Treatment

B: Bronchodilators
C: Corticosteroids
O: Oxygen therapy
M: Mechanical ventilation

CPI = 91.0−(0.65 × DLCO%)−(0.53 × FVC%) + (0.34 × FEV1%)

BMC Pulmonary Medicine (2016) 16:137

Composite Physiologic Index (CPI)



Effect of Pulmonary
Rehabilitation on CPFE and COPD

BMJ Open Resp Res 2016;3: e000099

CPFE COPD



67 Y/O

PiSZ Alpha-1-Antitrypsin 
Deficiency

CPFE
Pulmonary 

hypertension (PH)

Intravenous Epoprostenol
(Prostacyclin)

Stimulates cyclic AMP-relaxation 
of vascular smooth muscle

Improvement in dyspnea, 
exertional capacity, and 

hypoxia. 
TTE - improved RV size and 

function

Am J Respir Crit Care Med 2019;199:A1965



IPF (3) 
CPFE(3)
Bronchiolitis 
obliterans and 
smoking-related 
interstitial 
fibrosis (2)

Severe Group 3
Pulmonary 

hypertension (PH)

Parenteral prostanoids

Intravenous/subcutaneous 
epoprostenol or treprostinil

Improvement in 
hemodynamics and 

6MWD

Am J Respir Crit Care Med 2019;199:A5071 



Investigational Therapies for Severe IPF (CPFE?)
Targeting Aberrant Responses to Injury

Eur Respir Rev 2017; 26: 170071

Stem Cell TherapySenolytics

Dasatinib plus 
Quercetin (DQ)

EBioMedicine 40 (2019) 554–563



Enhance Tailored 
Treatment in CPFE

Integrating Patient Perspectives into 
Personalized Medicine

Front. Med. 4:226. doi: 10.3389/fmed.2017.00226 



The Worst of Both Worlds (Bad and Ugly) 

Combined Pulmonary Fibrosis and Emphysema Syndrome

柑橘肺

Ann Transl Med 2016;4(10):196


