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Abstract

Combined Pulmonary Fibrosis and Emphysema (CPFE) refers to the coexistence of upper lobe predominant
emphysema with diffuse pulmonary fibrosis, mainly in the lower lobes. Although initially described in patients with
Idiopathic Pulmonary Fibrosis (IPF), since then it has been described in other forms of pulmonary fibrosis, most notably
collagen tissue disorder associated interstitial lung diseases. High Resolution Computed Tomography (HRCT) has a
pivotal role in diagnosis. Recognizing CPFE is not an academic exercise but has significant clinical implications. Thus, it
is important for the treating physician to be familiarized with the radiological characteristics that will establish
diagnosis. In this review we will discuss the special physiologic and radiological features of CPFE, the challenges in
monitoring the course of the disease, the natural history and also the clinical importance of potential complications.
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Clinical setting

A 74 year old male (current smoker, 50 pack years) pre-
sented to our clinic due to progressive dyspnea on exer-
tion and non productive cough. He was diagnosed with
COPD about 1 year ago and was treated with tiotropium
and indacaterol. Clinical examination revealed the pres-
ence of clubbing and velcro like rales with bibasilar sym-
metric distribution. Pulmonary function tests exhibited
an obstructive pattern (FEV1/FVC: 61 %) with a small
reduction in TLC (74 % pred) and a disproportionate re-
duction in DLco (35 % pred). HRCT showed upper lobe
paraseptal emphysema with subpleural honeycombing at
the lung bases fulfilling the criteria of a definite UIP pat-
tern. A complete clinical and laboratory testing excluded
alternative causes and the diagnosis of CPFE in the con-
text of IPF was established (Fig. 1a, b).

Introduction

CPFE is defined by the co-existence of emphysema and
pulmonary fibrosis. Wiggins et al. [1] first described the
coexistence of emphysema in the upper lobes and pul-
monary fibrosis in the lower lobes on HRCT. The term
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CPFE was initially introduced by Cottin et al. who de-
scribed a cohort of 61 patients with both emphysema in
the upper zones and diffuse parenchymal lung disease
with fibrosis in the lower zones of the lungs on chest
HRCT [2]. It is important to note that patients with con-
nective tissue disease, drug-induced interstitial lung dis-
ease, pneumoconiosis, hypersensitivity pneumonitis,
sarcoidosis, pulmonary histiocytosis, lymphangioleio-
myomatosis and eosinophilic pneumonia were excluded
[2]. Since then, CPFE has been described not only in the
context of IPF but also in the context of other chronic
lung fibrotic diseases, such as connective tissue related-
interstitial lung diseases [3]. Given the fact that IPF has
the worst prognosis in relation to other chronic lung
fibrotic diseases, it is important to establish the inter-
stitial lung disease that constitutes the fibrotic com-
ponent of CPFE. The formation of homogeneous
cohorts will allow us to draw comparative conclusions
regarding the effect of emphysema on prognosis and
therapeutic interventions.

Review

Pathogenesis

The exact pathogenetic mechanisms that lead to the de-
velopment of CPFE remain elusive. Smoking is believed
to play a major role as almost all (98 %) of CPFE
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Fig. 1 1°' patient. a HRCT scan at the level of the aortic arch. There
is a single layer of subpleural cystic air spaces with no or barely
discernible walls that are characteristically bounded by the pleural
surface and the interlobular septa. This corresponds to the diagnosis
of paraseptal emphysema. b HRCT scan at the level of the dome of
the right hemidiaphragm. There is honeycombing (cystic airspaces
with well defined walls that are clustered in several layers) with a
clear subpleural/peripheral distribution, fulfilling the criteria of
definitive UIP pattern

patients are current or former smokers [4]. It is intri-
guing to search for common pathogenetic routes leading
to the development of both fibrosis and emphysema. A
review on this issue has been published elsewhere [5].
However we must note that several of the studies on
pathogenesis, although drawing conclusions on emphy-
sema are based on damage models that result in experi-
mental airspace enlargement that is not equivalent to
smoking induced pulmonary emphysema. Also, a lot of
the studies explore non-smoking mechanisms. Further
research is needed in order to clarify the existence and
nature of possible common pathogenetic pathways.

Physiology

Patients with CPFE typically present with preserved or
slightly reduced lung volumes in relation to the extent of
fibrotic changes in the lungs. FVC and TLC are usually
within normal limits or slightly reduced. The ratio
FEV1/FVC can be normal or reduced (<70 %) and is
lower compared to patients with IPF alone. On the other
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hand, DLco is disproportionately reduced [2, 6-9]. From
a physiological point of view the relatively preserved
lung volumes are attributed to the counterbalancing ef-
fects of fibrosis and emphysema on lung compliance (fi-
brosis causes a decrease while emphysema causes an
increase in lung compliance). However, both processes
cause damage to the alveolar-capillary membrane result-
ing in a significant decrease of DLco. Pulmonary fibrosis
can cause increased traction and support of the small
airways preventing expiratory airway collapse [10, 11]
and resulting in preservation of FEV1 [12] that is some-
times seen in CPFE patients.

Patients with CPFE are frequently hypoxemic with fur-
ther desaturation after exercise. Hypercarbia is usually
not observed [2, 6]. Patients with fibrosis adopt a rapid/
shallow pattern of breathing which increases alveolar
ventilation and thus reduces the levels of alveolar and
blood pCO2.

In clinical practice the above are important for two
reasons regarding diagnosis and follow up (Table 1):

First, the finding of preserved or slightly reduced lung
volumes does not rule out the presence of fibrosis. Sec-
ond, in IPF patients the follow up and response to ther-
apy are based on the measurement of FVC and DLco.
However, CPFE patients tend to exhibit a delay in the re-
duction of FVC and DLco which reduces their utility as
surrogate markers for disease progression [7, 13]. In
addition, a decline in DLco should be viewed cautiously,
as it could be the result of development/progression of
pulmonary hypertension which is commonly encoun-
tered in CPFE. The annual decrease of the ratio FEV1/
FVC in CPFE seems to be significantly higher compared
to IPF [7, 9].

In a study by Schimdt et al., mortality in CPFE patient
was better predicted by the decline in FEV1, while
changes in FVC, DLco and Composite Physiological
Index (CPI) were not predictive at 12 months follow-up
and only FVC was predictive at 6 months [13]. The
prognostic validity of FEV1 increased with increasing se-
verity of emphysema in a dose-dependent fashion. On

Table 1 Physiology in CPFE. Clinical implications

Physiology in CPFE. Clinical implications

- The finding of preserved or slightly reduced lung volumes does
not rule out the presence of fibrosis

« CPFE patients tend to exhibit a delay in the reduction of FVC
and DLco.

« Decline in FEV1 is the strongest predictor of mortality in CPFE
patients and its prognostic validity increases with increasing
severity of emphysema in a dose-dependent fashion

« A decline in DLco should be viewed cautiously, as it could be
the result of development/progression of pulmonary hypertension
which is correlated with a bad prognosis and may alert the
physician towards early referral for lung transplantation.
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the other hand, FEV1 had no prognostic role in patients
with IPF and no emphysema.

Radiology

HRCT plays a critical diagnostic role, as it actually
constitutes the examination that establishes the diag-
nosis. HRCT reveals the coexistence of emphysema
and diffuse lung fibrosis (Fig. 2a, b). Emphysema
(centrilobular and/or paraseptal) has upper lobe pre-
dominance, while fibrosis is observed mainly in the
lower lobes. The radiological fibrotic pattern is usu-
ally that of UIP (i.e. bilateral reticular pattern with
bibasilar, peripheral distribution, with or without the
presence of traction bronchiectasis and/or honey-
combing) [2].

Emphysema can be paraseptal, centrilobular or a
combination of both. Paraseptal emphysema seems to
be more common in the CPFE population than in pa-
tients with COPD. In the study by Cottin et al. [2] it
was observed in 93 % of patients and was suggested

Fig. 2 2" patient. a HRCT scan right above the upper level of the
aortic arch. There is paraseptal emphysema more prominent in the
right lung. b There is an irregular reticular pattern with traction
bronchiectasis and bronchiolectasis (possible UIP pattern)
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as a hallmark of CPFE. The increased prevalence of
paraseptal emphysema in CPFE was also noted, in an-
other study that included a COPD control group [6].
Furthermore, the presence of paraseptal emphysema
has been associated with a higher extent of fibrosis in
comparison to centrilobular emphysema [14].

The coexistence of emphysema and fibrosis makes
the estimation of the extent of fibrosis really difficult.
In the transition zone of the emphysematic to the fi-
brotic areas it is very tricky to make the appropriate
distinction. Brillet et al. [15] identified three HRCT
patterns in 61 patients with CPFE: i) progressive tran-
sition (38 %) with diffuse emphysema (centrilobular
and/or bullous) and zone of transition between bullae
and honeycombing, ii) paraseptal emphysema (21 %)
with predominant subpleural bullae of enlarging size
at the bases and iii) separate processes (23 %) with
independent areas of fibrosis and emphysema. Eleven
patients (18 %) could not be classified. This difficulty
is evident even on a histology level. Inomata et al,
performed an autopsy study in 3 groups: CPFE, IPF
and emphysema. A specific pathological finding of
thick walled cystic lesions (TWCLs) was described ex-
clusively in patients with CPFE (16 out if 22, 72,7 %)
[16]. TWCLs were not observed in any patients with
IPF or emphysema alone. TWCLs are irrelevant to
microscopic honeycombing as they are located in the
centriacinar/centrilobular region. They involve one or
more acini, membranous and respiratory bronchioles
with destruction of the alveoli and dense fibrosis of
the walls along with occasional fibroblastic foci. The
walls of the TWCLs are mainly composed of dense
collagen. They are classified as lesions with coexistent
fibrosing interstitial pneumonia and emphysema.
Radiologically, they correspond to enlarged cysts with
thick walls. Whether TWCLs represent just an over-
lap of the emphysematous and fibrotic processes that
evolve in the same area of the lung or a distinct
pathological phenotype remains to be clarified by fur-
ther studies.

Mitchell et al. found that IPF patients with emphysema
exhibited radiologically worse fibrosis and emphysema
compared to non-IPF/UIP patients with emphysema.
This finding was not explained by key confounding vari-
ables and supports the hypothesis that there is synergy
among IPF and emphysema [17].

The extent of emphysema and fibrosis on HRCT are
independent and significant predictors of DLco [18, 19].
Matsuoka et al. used an objective quantitative method to
determine the extent of emphysema and fibrosis on
HRCT. In line with previous studies, both extent of em-
physema and fibrosis were independent contributors to
DLco. However, the extent of fibrosis exhibited a super-
ior predictive power [20]. Finally, the extent of fibrosis
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on HRCT is an independent predictor of survival in
CPFE patients [21].

From a clinical perspective it is important that the
presence of emphysema can lead to a false diagnosis of
honeycombing. Ground glass opacities surrounding
areas of emphysema can give a false appearance of hon-
eycombing [22].

CPFE and pulmonary hypertension

Pulmonary hypertension (PH) appears to be more fre-
quent and severe in CPFE patients than in patients with
IPF alone [2, 23-25]. The prevalence of PH in CPFE is
estimated to be 28-47 % when assessed by transthoracic
echocardiography [2, 23, 25]. Transthoracic echocardiog-
raphy is an operator dependent imaging examination.
Furthermore, the presence of emphysema can add fur-
ther difficulties in the accurate estimation of RVSP.
Right heart catheterization (RHC) remains the gold
standard for the diagnosis of pulmonary arterial hyper-
tension. Cottin et al. retrospectively estimated the preva-
lence of PH in 40 CPFE patients after RHC [24]. In 27
patients (68 %) the mean Ppa was >35 mmHg.

During follow up, CPFE patients can exhibit a worse
deterioration of PH compared to patients with sole IPF
[25]. Thus, continued vigilance is essential since the de-
velopment of PH is associated with a worse survival in
CPFE [2, 23-25]. In the pivotal study by Cottin et al. [2]
the only statistically significant prognostic factor regard-
ing survival was the presence of PH at diagnosis. When
PH was confirmed by use of RHC, 1 year survival rate
was 60 % [24].

The increased prevalence of PH in CPFE is probably
explained by the coexistence of emphysema and fibrosis.
Both cause destruction of the pulmonary vasculature
bed and of the lung parenchyma. The destruction of the
pulmonary vasculature reduces the total cross sectional
area. Furthermore, as mentioned CPFE patients are usu-
ally hypoxemic due to V/Q mismatching caused by the
coexisting emphysema and pulmonary fibrosis. The in-
duced hypoxic pulmonary vasoconstriction is also an im-
portant cause of elevated pulmonary arterial pressure. If
other pathogenetic pathways are implicated in the devel-
opment of “out of proportion” PH remains to be clari-
fied. From a clinical point of view the physician should
be vigilant for underlying intermittent nocturnal and ex-
ercise induced intermittent hypoxia.

Once, pulmonary hypertension is developed it is an
equally poor prognosticator in both CPFE and sole IPF
patients [26-28].

CPFE and lung cancer

Both emphysema [29-31] and IPF [32] are independent
risk factors for the development of lung cancer. There-
fore, it is expected that patients with CPFE show
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increased incidence of lung cancer [32]. Studies suggest
that in relation to emphysema, CPFE constitutes a stron-
ger predictor on the occurrence of lung cancer [6, 33-35].
The most common histologic type is that of squamous cell
carcinoma [33-35].

CPFE patients are at an increased risk of developing
acute exacerbation triggered by surgery, chemotherapy
and radiation. In a retrospective study of 101 patients
with CPFE the prevalence of acute exacerbation was
19,8 % (postoperative: 27,3 %, during chemotherapy:20 %,
during radiation: 16,7 %) [34]. Even after curative resec-
tion for NSCLC, CPFE was found to be an independent
unfavorable prognostic factor for overall survival (OS)
compared to patients with normal lung, emphysema and
pulmonary fibrosis. An interesting finding in the above
study was that CPFE resulted in an earlier and more fre-
quent recurrence of NSCLC [36]. The above studies
highlight the difficulties of managing lung cancer in IPF
and CPFE patients.

Natural history

It is not yet clear whether patients with CPFE have a
worse survival than patients with isolated pulmonary fi-
brosis (Table 2). The studies so far have yielded conflict-
ing results. Mejia et al. found that CPFE patients exhibited
a worse survival compared to patients with isolated IPF.
This finding was associated with the presence of severe
pulmonary arterial hypertension (estimated by Doppler

Table 2 Natural history of CPFE
Natural history of CPFE

Outcome Study Comments
population

Worse survival

Mejia et al,, CPFE vs IPF Ominous prognosis associated

2009 [23] (31vs 79  with PAH (eSPAP > 75 mm Hg).

Sugino et al,, CPFE vs IPF - Ominous prognosis associated with

2014 [25] (46 vs 62) PAH (eSPAP =304 mm Hg). The
presence of paraseptal emphysema
further aggravates prognosis.

No difference

Jankowich et al, CPFE vs PF Not restricted to IPF population.

2010 [8] (20 vs 24) Relatively small number of patients.

Ryerson et al,  CPFE vs IPF  IPF-specific multicenter studyLarge series

2013 [12] (29 vs 336)  of patients.Usage of a prespecified
threshold of 210 % emphysema to
define CPFE.

Better survival

Kurashima et al, CPFE vs IPF, IPF specific study.Large series of

2010 [37] (221 vs 439) patients.High prevalence of CPFE
(334 %) Unexpectedly high median
survival for the UIP population (7.5 years).

Todd et al, CPFE vs PF  Included IPF and iNSIP.Centrilobular and

2011 [38] (54 vs 48)  not paraseptal emphysema was

correlated with a worse prognosis.
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ultrasound systolic pulmonary arterial pressure, eSPAP >
75 mm Hg) [23]. The same findings were reported by
Sugino et al. The threshold of eSPAP that was correlated
with a worse survival was 30.4 mm Hg [25]. The presence
of paraseptal emphysema aggravated prognosis. In con-
trast, Jankowich and Rounds found no difference in mor-
tality [8]. To make things even more complex, Kurashima
et al. and Todd et al,, found that patients with CPFE have
an improved survival compared to patients with isolated
pulmonary fibrosis [37, 38]. The reasons for these conflict-
ing results may be the inclusion in the pulmonary fibrosis
group of non IPF patients, the retrospective nature of the
studies and genetic unidentified factors, since many of the
above studies involved Japanese population. More re-
cently, Ryerson et al. [12] studied the prevalence, clinical
features, and prognosis of CPFE in IPF. The advantages of
this multicenter study were the strict inclusion of patients
with IPF according to current guidelines and the usage of
standardized definitions for CPFE and emphysema. Pa-
tients with CPFE and IPF and those with sole IPF exhib-
ited similar mortality [12]. Finally, patients with CPFE and
positive autoimmune markers exhibited improved survival
compared to CPFE patients with a negative autoimmune
profile [39]. Prospective studies are needed in order to
reach robust conclusions regarding the natural history
and outcome of patients with CPFE in comparison to IPF.

Treatment

Smoking is strongly implicated in the pathogenesis of
both emphysema and IPF, therefore smoking cessation is
a “sine qua non” for the management of CPFE. Follow-
ing the guidelines that apply for the general population,
patients with CPFE should be vaccinated against influ-
enza viruses and Streptococcus pneumonia. Long term
oxygen therapy is appropriate in case of hypoxemia by
extrapolating current knowledge based on COPD
patients [40].

The presence of emphysema per se does not necessar-
ily mean the presence of an obstructive syndrome.
Things get even more complicated when emphysema
co-exists with fibrosis. In such cases, given the altered
physiology it is not known if the 70 % threshold regard-
ing the FEV1/FVC ratio, accurately defines patients with
underlying functional obstruction that could benefit
from bronchodilator therapy. Treatment with broncho-
dilators (long acting 2 agonists and/or long acting mus-
carinic) is a rational option although we lack evidence
based on randomized control trials. Patients with fibrosis
are usually excluded from COPD clinical trials. Regard-
ing the use of inhaled steroids we express some con-
cerns. Inhaled steroids are beneficial in COPD patients
with frequent exacerbations when added to long/ultra
acting B2 agonists [41]. In CPFE patients, an event of re-
spiratory deterioration challenges the clinician as the
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differential diagnosis includes pneumonia, pneumo-
thorax, pulmonary embolism, left heart failure and the
probability of acute exacerbation of IPF. The presence of
underlying infection is crucial in the majority of these
conditions in terms of both pathogenesis and outcome.
Given the fact that inhaled steroids increase the inci-
dence of pneumonia in COPD patients [42, 43], we re-
main very cautious with their use in CPFE.

Currently, there are two approved drugs for the treat-
ment of IPF, pirfenidone [44, 45] and nintedanib [46].
The exclusion criteria in the approval studies included
the reduction of the FEV1/FVC ratio <70 % (post bron-
chodilation) regarding pirfenidone [45] and <80 % (pre
bronchodilation) regarding nintedanib [46]. Emphysema
on HRCT was not an exclusion criterion. A post-hoc
subgroup analysis of pooled data from the INPULSIS tri-
als demonstrated that nintedanib slowed disease pro-
gression by reducing the annual rate of FVC decline
independent of the presence of emphysema at baseline
[47]. The main concern is not whether pirfenidone and
nintedanib are efficacious in CPFE, but whether the rate
of FVC decline underestimates their efficacy in this spe-
cific subpopulation.

Pulmonary arterial hypertension (PAH) appears to be
more frequent and severe in CPFE patients than in pa-
tients with IPF alone [2, 23, 24] and is associated with
decreased survival [23, 25].

According to current guidelines the use of targeted
PAH therapy in patients with COPD or ILDs and mean
PAP <40 mmHg is currently discouraged as there are no
systematic data regarding its safety or efficacy. Vasodila-
tors can aggravate the ventilation/perfusion mismatch
and worsen hypoxemia. Patients with “out of propor-
tion” PH due to lung diseases (characterized by dyspnea
insufficiently explained by lung mechanical disturbances
and mean PAP 40— 45 mmHg at rest) should be referred
to expert centers and enrolled in clinical trials targeting
PAH-specific drug therapy [48]. Thus, the same recom-
mendation applies for patients with CPFE.

Patients with CPFE seem to be at greater risk for
developing lung cancer than patients with emphysema
[6, 33, 34]. Thus, increased vigilance is required for early
detection of such lesions. Management of lung cancer in
CPFEE patients should follow current guidelines [49]. Fi-
nally, as for IPF, CPFE patients at increased risk of mortal-
ity should be considered for lung transplantation [50].

Stem cell therapy is a promising approach for COPD
[51] and IPF [52, 53]. In emphysema [54—56] and IPF
[57] there is numerical and functional impairment of
regulatory T-cells (Tregs). This impairment is correlated
with a decrease in FEV1 in emphysema [54, 55] and a
decrease in FVC, DLco and TLC in IPF [57]. Interest-
ingly, one of the beneficial effects of stem cells in
chronic lung diseases is thought to be exerted through
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upregulation of Tregs [58, 59]. Conducting clinical trials
of stem cell therapy in CPFE is an intriguing project that
could shed further light in the areas of pathogenesis and
treatment [60].

Conclusions

CPEE is a syndrome with clinical importance. Diagnosis
is not always straightforward as pulmonary function
tests usually show preserved or slightly reduced lung
volumes and an obstructive pattern is not always ob-
served. Thus, recognizing the typical velcro-like crackles
is an important clue that will raise suspicion for an
underlying fibrotic lung disease and the need for a sub-
sequent HRCT that will establish the diagnosis. CPFE
patients tend to exhibit a delay in the reduction of FVC
and DLco and monitoring disease progression and thera-
peutic response to antifibrotic patients can be especially
challenging. Unlike what one would expect based on IPF
studies, serial changes in FVC do not have prognostic
value in CPFE, while the rate of FEV1 decline is the
strongest predictor of mortality. The development of
pulmonary hypertension is frequent in the context of
CPFE and is associated with reduced survival. Increased
vigilance is required for early recognition of pulmonary
hypertension that will allow timely referral for lung
transplantation.
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