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Abstract
Idiopathic pulmonary fibrosis (IPF) is a progressive, irreversible
fibrotic chronic lung disease affecting predominantly older
adults, with a history of smoking. The current model of disease
natural course is that recurrent injury of the alveolar epithelium
in the context of advanced aging/cellular senescence is
followed by defective re-epithelialization and scar tissue for-
mation. Currently, two drugs, nintedanib and pirfenidone, that
modify disease progression have been approved worldwide for
the treatment of IPF. However, despite treatment, patients with
IPF are not cured, and eventually, disease advances in most
treated patients. Enhancing biogenomic and metabolic
research output, its translation into clinical precision and
optimal service delivery through patient-centeredness are key
elements to support effective IPF care. In this review, we
summarize therapeutic options currently investigated for IPF
based on the major pathogenetic pathways and molecular
targets that drive pulmonary fibrosis.
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Introduction
Idiopathic pulmonary fibrosis (IPF) is a progressive,
irreversible fibrotic chronic lung disease that affects an
increasing number of individuals across Europe and
North America, with an incidence of three to nine cases

per 100000 persons per year [1,2]. The prevalence has
been reported as high as 45e199 per 100000 persons in
individuals aged 60 to 79 years [3]. The median survival
is 3e4 years after diagnosis [4]. IPF occurs primarily in
older adults, with a median age at diagnosis of 66 years, a
history of smoking and/or genetic variants linked to the
disease [5e7].

Currently, two drugs (nintedanib and pirfenidone) have
been approved worldwide for the treatment of IPF, on
the basis of their efficacy in slowing disease progression,

with the use of both as ‘conditionally recommended’ in
the 2015 American Thoracic Society (ATS)/European
Respiratory Society (ERS)/Japanese Respiratory Society
(JRS)/Latin American Thoracic Society (ALAT) guide-
lines [8]. Nintedanib reduces disease progression by
slowing the rate of decline in forced vital capacity (FVC)
with an estimate of a 5-year increase in survival, whereas
the side effect profile is characterized mainly by
gastrointestinal adverse events [9,10]. Pirfenidone,
similar to nintedanib, reduced the proportion of patients
exhibiting an FVC decline of �10% by 48% as assessed

in four randomized, placebo-controlled phase 3 studies,
with most prominent side effects being gastrointestinal
and photosensitivity reactions [11].

However, despite treatment, patients with IPF are not
cured, and eventually, disease progresses in most treated
patients, with lung transplantation being available only
for a restricted minority of patients; moreover, the
adverse events of both drugs can lead to treatment
discontinuation without the availability of any other
pharmacological strategy. The need for a definite cure of
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IPF therefore remains. In this review, we summarize
major pathogenetic pathways and targets identified over
the last years and the corresponding therapeutic options
currently investigated for the treatment of IPF.
Pathogenetic pathways in IPF
Pathogenetic pathways in IPF are complex and inter-
connected, with various abnormalities in the lungs
leading to the development of the disease [12]. IPF
pathogenesis is centered around type II alveolar
epithelial cell dysfunction, coupled to aberrant wound
healing cycles, leading to excess extracellular matrix
(ECM) production, abnormal re-epithelization of

alveoli, and ectopic bronchiolarization, eventually
resulting in accumulation of scar tissue, stiffening of the
lungs, deterioration of lung function, and death [12,13].
The cellular landscape of the fibrotic lung was recently
described with prominent features such as the presence
of abnormal basaloid epithelial cells, persistence of
myofibroblasts, novel profibrotic macrophage subtypes,
and ectopic peribronchial endothelial cells [14].

Although a common dominant underlying cause of IPF
has not been identified, risk factors associated with the

disease are as follows: mutations that affect the main-
tenance of telomeres, leading to accelerated aging [15];
mutations in surfactant proteins, leading to Endo-
plasmic Reticulum (ER) stress [16]; and age- and
smoking-related defective proteostasis, leading to
defective autophagy and mitophagy, aggregation of
misfolded proteins, endoplasmic reticulum stress,
mitochondrial dysfunction, and oxidative stress [17,18].
Aberrant activation of type II epithelial cells is a major
cause of fibroblast migration, proliferation, and activa-
tion, with subsequent exaggerated ECM accumulation
and destruction of the lung parenchyma due to the

production of profibrotic mediators [19]. Fibroblast
aberrant activation and senescence with proin-
flammatory cytokine production (senescence-associated
secretory phenotype), elevated Reactive Oxygen Spe-
cies (ROS) levels, and myofibroblast persistence are also
prominent features of the fibrotic lung [20].

The innate and adaptive immune systems are also
involved in the pathogenesis of IPF, although their role
is less clearly defined [21]. Macrophages are the most
abundant immune cells in the lung, and they play

important roles in tissue remodeling during pulmonary
fibrosis [22]. Macrophages produce profibrotic media-
tors such as transforming growth factor b (TGF-b) and
platelet-derived growth factor, directly orchestrating the
activation of fibroblast functions which are implicated in
the aberrant wound-healing cascade during fibrosis [23].
Fibrocytes are a minor fraction of circulating leukocytes
that portray a dual phenotype of monocytes (CD34,
CD45, CD11b) and fibroblasts (collagens I and III and
fibronectin) [24]. Single-cell RNA-Seq analyses of the
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airway cell population from human lungs have revealed a
plethora of cell entities with monocyte and macrophage
markers that is reshaping the field of macrophage/
monocyte biology, revealing that lung macrophage
populations shift in lung fibrosis toward distinct entities
with yet uncharacterized functions [25].

Furthermore, the detrimental effects of corticosteroid

treatments in IPF may reflect a dominant role of mac-
rophages/monocytes in IPF pathogenesis. Human mac-
rophages matured in the presence of the glucocorticoid
fluticasone propionate had decreased expression of
MHC class II and costimulatory molecules, but showed
increased expression of chemokines promoting mono-
cyte attraction and enhancement of their innate
immune functions [26]. Alveolar macrophages derived
from recruited monocytes in the bleomycin mouse
model contribute significantly to lung fibrosis [22],
while macrophage-derived TGF-b plays a dominant role

in the development of lung fibrosis [27].

An interplay between mutations in innate immune
genes such as MUC5b [28] and TOLLIP [29] and the
host response to microbes is a novel pathogenetic axis
recognized in IPF. Increased bacterial burden is
observed in IPF [30], and microbial peptides have been
directly linked to acute exacerbations [31]. The lung
microbiome is probably associated with host suscepti-
bility factors owing to either genetic or environmental
cues and provides a previously underestimated treat-

ment target [32].
IPF therapeutic targets from basic and
translational research
The pathogenic mechanisms leading to irreversible
fibrosis are not fully understood; however, advances in

basic and translational research have identified new
potential therapeutic targets and several molecular
pathways that have been strongly associated with the
disease, leading to a large number of randomized
controlled trials. Currently active phase 2 and 3 trials are
summarized in Table 1, and several excellent reviews
focusing on the treatment of IPF have been published in
the last years after an explosion of novel therapeutics to
be tested in IPF [5,11,33e40].
Antifibrotics: targeting mediators of
fibroblast activity
Certain molecular pathways have been strongly linked
to the disease such as activation of fibroblasts and
fibrocytes, via profibrotic mediators secreted by the
damaged epithelium. Targeting of the secreted media-

tors or their signaling has been the basis of several
antifibrotic therapies either approved or under investi-
gation. Fibroblast subtypes have been the effector cells
primarily and most successfully targeted to date by
antifibrotic therapies. Nintedanib, a tyrosine kinase
www.sciencedirect.com
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Table 1

Active clinical studies in phases 2 or 3.

Target molecule Agent (company) Acronym Phase ClinicalTrials.gov
identifier

Connective tissue growth factor Pamrevlumab (FibroGen) Zephyrus II 3 NCT04419558
FGCL-3019-091 3 NCT03955146

Autotaxin GLPG1690 (Galápagos NV) ISABELA I 3 NCT03711162
ISABELA II 3 NCT03733444

Recombinant human pentraxin 2 PRM-151-rhPTX-2 (Hoffmann-La Roche) 3 NCT04594707
NCT04552899

Galectin-3 TD139 (Galecto Biotech AB) GALACTIC-1 2b NCT03832946
G protein–coupled receptor 40 agonist GLPG1205 (Galápagos NV) 2a NCT03725852
Nrf2 Bardoxolone methyl (Reata Pharmaceuticals) 2a NCT02036970
Nicotinamide adenine dinucleotide phosphate

(NADPH) oxidase (NOX 1/4) isoforms
GKT137831-Setanaxib 2 NCT03865927

B-cell activating factor receptor VAY736 (Novartis Pharmaceuticals) 2 NCT03287414
LPA receptor BMS-986278 (Bristol Myers Squibb) 2 NCT04308681
Heat shock protein 47-collagen 1 chaperone ND-L02-s0201 (Nitto Denko Corporation) JUNIPER 2 NCT03538301
Phosphodiesterase 4 (PDE4) BI 1015550 (Boehringer Ingelheim) 2 NCT04419506
Angiotensin II type 2 (AT2) receptor C21 (Vicore Pharma AB) 2 NCT04533022
C-Jun N-terminal kinase CC-90001 (Celgene) 2 NCT03142191
Estrogen receptor antagonist/telomere

maintenance
Danazol 2 NCT03312400

aVb6 and aVb1 integrins PLN-74809 (Pliant Therapeutics) IPF-201 2a NCT04396756
2a NCT04072315

LPA, lysophosphatidic acid.
a Recently completed studies, awaiting results.
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inhibitor, is the first approved drug with antifibrotic
properties mediated through the inhibition of receptor-
mediated downstream signaling of profibrotic mediators

such as platelet-derived growth factor, vascular endo-
thelial growth factor, and fibroblast growth
factor involved in migration, proliferation, and matura-
tion of fibroblasts and subsequent deposition of ECM
[41].

Connective tissue growth factor (CTGF), also known as
CCN2, is a small secreted matricellular protein of the
CCN family of ECM-associated heparin-binding pro-
teins [42]. As a nonstructural component of the ECM,
CTGF binds to various cell surface receptors, including

integrin receptors and cell surface heparan sulfate pro-
teoglycans, thus controlling cell signaling, cellematrix
recognition, and cell adhesion. It also binds growth
factors such as bone morphogenetic protein 4, TGF-b,
and vascular endothelial growth factor, thereby regu-
lating their functions and ECM proteins [42]. There is
strong in vitro and ex vivo evidence that TGF-b is a
particularly important regulator of CTGF expression.
CTGF may account for many of the profibrogenic ac-
tivities attributed to TGF-b and has been early on
identified as a potentially more suitable target for anti-

fibrotic therapies [43]. CTGF levels are elevated in
bronchoalveolar lavage of patients with IPF [44], and
results from the phase 2 study PRAISE
(NCT01890265) with pamrevlumab (FG-3019), a
www.sciencedirect.com
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human anti-CTGF monoclonal antibody, showed a sig-
nificant effect on lung function decline in 160 patients
with IPF [45]. Pamrevlumab will be further tested in a

phase 3 study ZEPHYRUS (NCT03955146 currently
recruiting eligible subjects who are not currently treated
with approved therapies for IPF) [46].

The autotaxinelysophosphatidic acid (LPA) axis is linking
pulmonary fibrosis to lung injury by mediating fibroblast
recruitment and vascular leak [47]. Autotaxin is a
secreted glycoprotein that belongs to the ectonucleo-
tide pyrophosphatase-phosphodiesterase protein family
(ENPP) and catalyzes the hydrolysis of lysophosphati-
dylcholine (lysolecithin) to LPA. LPA-mediated

signaling through the LPA1 receptor is involved in
multiple cellular processes and pathological conditions
including wound healing and fibrosis, through its
chemoattracting properties on fibroblasts, binding of
integrin avb6 and TGF-b activation, and endothelial
permeabilization [48]. Both autotaxin and LPA levels
are elevated in bronchoalveolar lavage of patients with
IPF and pulmonary fibrosis models [47,49]. GLPG1690
is a highly specific inhibitor of autotaxin that reduces
the levels of LPA and demonstrated antifibrotic prop-
erties in preclinical studies and safety and efficacy in the

phase 2 trial FLORA (NCT02738801) [50]. Currently,
two placebo-controlled phase 3 trials (ISABELA1 and
ISABELA2 trials) are recruiting patients. The same
pathway is targeted by BMS-986278, a potent small-
Current Opinion in Pharmacology 2021, 57:71–80
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molecule LPA receptor antagonist that is currently
tested in a study measuring the effectiveness, safety,
and tolerability of BMS-986278 in participants with lung
fibrosis (NCT04308681).

Galectin-3 is a is a carbohydrate-binding protein that is
secreted on infection, damage, and stress by a variety of
immune cells, mainly macrophages and other cell types

including epithelial cells and fibroblasts [51,52]. Its
major role is regulation of damage responses including
secretion of profibrotic cytokines such as TNF-a,
interleukin (IL) 1b, IL-6, and TGF-b. The role of Gal-3
as a mediator of lung fibrosis has long been studied since
the discovery that its levels are elevated in alveolar
macrophages after lung injury [53]. In addition, Gal-3
upregulates TGF-b receptors on fibroblasts, leading to
elevated collagen I production and fibrotic scar forma-
tion, while mice with a genetic deletion of galectin-3
(galectin-3�/�) exhibit less fibrosis in TGF-b1 and

bleomycin murine models [52]. Targeting galectin-3
with a small-molecule inhibitor, TD-139, reduced
fibrosis in the bleomycin mouse model [52], and effec-
tively reduced Gal-3 expression in bronchoalveolar
macrophages are currently being investigated in a phase
2a randamized controlled trial (RCT) [54] and a phase
2b trial (ClinicalTrial.gov identifier: NCT03832946).
Beyond fibroblasts, targeting macrophages,
and fibrocytes
The role of immune cells such as macrophages, mono-
cytes, and fibrocytes in the progression of fibrotic lung
disease is subject to intense investigation, while pirfe-
nidone and nintedanib as well as an array of novel
therapeutic options in IPF effectively alter the activa-
tion of these cells [55]. Two molecules that affect
directly monocytes and macrophages with promising

phase 2 trials are described in the following paragraphs.

Pentraxin 2 or serum amyloid P component (SAP) is pre-
dominantly secreted by hepatocytes and inhibits
neutrophil recruitment and monocyte-to-fibrocyte dif-
ferentiation, whereas it promotes phagocytosis by bac-
teria opsonization and regulates macrophage
differentiation toward immunoregulatory and M1
phagocytic macrophages [56]. Compared with controls,
patients with renal fibrosis, pulmonary fibrosis, sclero-
derma, myelofibrosis, rheumatoid arthritis, and mixed

connective tissue disease tend to have low levels of SAP,
supporting the idea that fibrosis might in part involve a
SAP deficiency [56]. In patients with IPF in particular,
SAP plasma levels were significantly lower than in
healthy controls and positively correlated with FVC,
suggesting an association with the severity of lung dis-
ease [27]. Preclinical studies with the pulmonary
fibrosis murine and rat models of bleomycin intra-
tracheal instillation and lung-driven TGF-b expression
Current Opinion in Pharmacology 2021, 57:71–80
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demonstrated that SAP injections significantly reduced
lung fibrosis through an inhibition of pulmonary fibro-
cyte and profibrotic alternative (M2) macrophage
accumulation [27,57,58]. Injections of recombinant
human SAP/PTX2 or PRM-151 improved lung function
in a phase 2 trial in patients with pulmonary fibrosis
[59], which has led to the initiation of two phase 3 trials
(NCT04552899 and NCT04594707).

G proteinecoupled receptors 40 and 84 bind free fatty acids
and regulate metabolic and inflammatory pathways.
GRP84 is highly induced upon inflammatory stimuli in
immune cells as well as human fibroblasts and myofi-
broblasts and is a proinflammatory mediator. The two
receptors were recently identified in a new antifibrotic
pathway; PBI-4050, 3-pentylbenzeneacetic acid sodium
salt, a synthetic analog of a medium-chain fatty acid that
displays agonist and antagonist ligand affinity toward the
G proteinecoupled receptors GPR40 and GPR84,

respectively, resulting in the reduction or reversal of
fibrosis by regulating macrophages, fibroblasts/myofi-
broblasts, and epithelial cell responses in several models
of fibrosis [60]. Results from a phase 2 study with PBI-
4050 (ProMetic BioSciences, Inc.) (NCT02538536)
were recently published [61], with encouraging results
for PBI-4050 treatment alone or in combination with
nintedanib. Results from another GPR84 inhibiting
molecule, GLPG1205 (Galápagos NV), are expected
from a recently completed phase 2 study
(NCT03725852).
Targeted therapies reflecting the patient’s
genetic and immune condition
Genetic polymorphisms, host immune response abnor-
malities, and impaired microbeehost interactions lead-
ing to shifts in the microbiome in IPF may be a basis for

disease endotyping that would guide therapeutic op-
tions for patients with IPF.

Shortened telomeres and/or telomere-related mutations are
observed in up to one-third of individuals with familial
IPF, and 1 in 10 individuals with sporadic IPF have
telomere-related mutations. Regardless of Interstitial
lung disease (ILD) phenotype, individuals with short
telomeres and/or known telomere-related mutations
have more rapid disease progression and shorter lung
transplant-free survival [15]. Androgens can restore

telomerase activity in circulating leukocytes and he-
matopoietic stem cells from subjects with reduced
telomerase function associated with TERT mutations
[46,47], on the basis of sex steroid responsiveness of the
TERT promoter [62]. A phase 2 trial is currently con-
ducted with the synthetic androgen danazol
(NCT03312400), following the results of an early-phase
clinical trial with danazol, in patients with short telo-
meres [63].
www.sciencedirect.com
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The TOLLIP rs3750920 TT genotype is an example of ge-
netic predisposition of the innate immunity arm of pa-
tients with IPF that conferred an advantageous effect of
n-acetylcysteine (NAC) treatment as opposed to the
rs3750920 CC genotype in the PANTHER-IPF study
with the tritherapy of prednisone, azathioprine, and N-
acetylcysteine [64]. Although the mechanism for this
distinct response is not yet clarified, it was hypothesized

that Single nucleotide polymorphisms (SNP)-driven
differences in TOLLIP-mediated Toll-like receptors
(TLR) signaling could lead to an oxidant-driven disease
endotype in which NAC therapy would be particularly
beneficial [64]. These findings led to a genotype-
stratified prospective clinical trial PRECISIONS
(NCT04300920) that will compare the effect of
NAC plus standard care (nintedanib or pirfenidone)
with matched placebo in patients diagnosed with IPF
(who have the TOLLIP rs3750920 TT genotype).

Autoimmune self-reactive immunoglobulins can be found in
the majority of patients despite the fact that by defini-
tion, patients with IPF do not fulfill the (clinical)
criteria for an underlying autoimmune disease [65].
Circulating autoantibodies against type V collagen are
detectable in approximately 40% of patients [66].
Autoantibody concentrations against intracellular
epithelial self-antigens such as annexin-1 and periplakin
correlate with outcome measures in IPF, including the
development of acute exacerbations [67,68]. Levels of
IL-1a autoantibodies were also elevated in the sera of

patients with rapidly progressing IPF [69]. Patients with
IPF with increased circulating total IgA levels at base-
line have a worse prognosis [70]. Abnormal intra-
pulmonary B-cell aggregates were found in the
pulmonary parenchyma together with elevated plasma
concentrations of BAFF-R [71]. On the basis of the
aforementioned observations, VAY736 (ianalumab), a B-
cell depleting, B-cell activating factor receptor blocking,
monoclonal antibody will be tested in a phase 2 study
(NCT03287414).

Increased microbiome burden has been consistently associ-

ated with worse prognosis in IPF, while abundance of
streptococcal and staphylococcal bacteria has been
associated with an increased risk of disease progression
in patients with IPF [30,72,73]. The cause of the
increased bacterial burden in the lungs of patients with
IPF and its effect on IPF pathogenesis are far from un-
derstood, and hypotheses on the genetic background of
patients relative to innate and adaptive immunitye
related polymorphisms such as TOLLIP and MUC5b
and immune senescence are being debated [32,74,75].
Intriguingly, the bacterial burden was lower in patients

with IPF with MUC5b rs35705950 Tallele [30]. Broad-
spectrum antibodies however, such as cotrimoxazole and
doxycycline, have provided some encouraging evidence
of improved clinical outcomes in IPF and have led to a
phase 3 trial CleanUp-IPF, which was however
www.sciencedirect.com
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terminated for futility after review of first planned
interim analysis.
Improving mitochondrial health and cellular
metabolism
Cellular senescence is a common characteristic of the
lungs of patients with IPF [76]. Fibroblast senescence
and transition to a-SMAeexpressing myofibroblasts is
part of the natural wound healing process and required
for efficient wound closure. It is followed by clearance of
senescent cells by monocytes, macrophages, neutro-
phils, and NK cells. In patients with IPF, however,
myofibroblasts/senescent fibroblasts with excessive

ECM deposition persist and form the characteristic
structure of ‘fibroblast foci.’ Fibroblast senescence
during wound healing should not be confused with
cellular senescence caused by aging. Cellular senes-
cence is dependent on factors such as telomere short-
ening and oxidative stresseinduced damage, which in
turn is largely related to mitochondrial dysfunction, due
to a variety of factors including defective clearance and
turnover, accumulation of mitochondrial mutations, and
increased mitochondrial oxidation [77,78]. Mitochon-
drial dysfunction has been recognized as a contributor to

fibrosis, and most cell types in lungs of patients with
IPF, as in patients with other age-associated chronic
diseases, display characteristics of cellular senescence,
including fibroblasts, epithelial cells, and cells of the
innate and adaptive immune system, such as macro-
phages [79e81].

Therefore, next to the therapeutic options targeting
fibroblast activity, summarized previously, another
more global approach in the treatment of IPF is the
reversal of cellular senescence by improvement of
mitochondrial health, inhibition of telomere attrition,

or the elimination of senescent cells by senolytic drugs
[82]. GKT137831, an inhibitor of nicotinamide
adenine dinucleotide phosphate oxidase isoforms that
participate in ROS production, is currently tested in a
phase 2 trial (NCT03865927). In addition, selective
ablation of senescent cells using dasatinib plus quer-
cetin alleviated IPF-related dysfunction in bleomycin-
administered mice, and promising safety results from a
phase 1 trial (NCT02874989) were recently reported
[83]. Importantly, many options with promising pre-
clinical results which affect mitochondrial health such

as thyroid hormone treatment directly
improve mitochondrial homeostasis gene expression
[84].

Stem cells (e.g. mesenchymal stromal stem cells,
induced pluripotent stem cells, and lung stem cells)
have also been proposed as a potential therapy for IPF
owing to their multipotency and role in tissue repair and
wound healing, following promising preclinical data
[85e87]. The safety and tolerability of stem cell
Current Opinion in Pharmacology 2021, 57:71–80
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administration has been evaluated in phase 1 trials as
reviewed in the study by Tzouvelekis et al. [88], and
more phase 1 trials are currently recruiting subjects.

Understanding the pathology of IPF from different but
interrelated ‘optics,’ namely, the exposome, genetic
predisposition, and dysfunctional metabolic pathways,
could be crucial for a holistic disease description. Many

metabolic pathways are implicated in the pathogenesis
of IPF. The altered metabolism of carbohydrates, lipids,
proteins, and hormone modulators has been docu-
mented in lung, liver, and kidney fibrosis [89]. Under-
standing the role of bioactive food ingredients in
development of pulmonary fibrosis and adjusting
metabolic alterations, reviewed in the studies by
Bargagli et al [89] and Mercader-Barceló et al [90], is
becoming a new option for antifibrotic therapies. High-
fat diet, particularly in saturated fatty acids (SFAs), is
associated with increased neutrophil lung infiltration

and pulmonary fibrosis [91], while intake of oxidized
Low-density lipoprotein (LDL) in silica-induced
fibrosis models demonstrated exacerbation of fibrosis
owing to the inhibition of the fatty acid scavenger re-
ceptor CD36 on alveolar macrophages and the increase
in foamy cell formation [92]. The risk of dietary fat and
meat consumption in the development of fibrosis was
tested in a recent study, which demonstrated that intake
of SFAs, monounsaturated fatty acids, n-6 poly-
unsaturated fatty acids (PUFAs), and meat was inde-
pendently associated with an increased risk of IPF [93].

Conversely, a diet high in PUFAs in mouse models
reduced pulmonary fibrosis, indicating that an adequate
dietary PUFA intake might reduce the risk of lung
fibrosis development. A higher intake of SFAsrelative to
monounsaturated fatty acids was associated with higher
incidence of gastrointestinal toxicity related to pirfeni-
done in the MADIET phase 4 study, suggesting that a
significant new approach to be considered in the care of
patients with IPF is in the complementation of stan-
dard-of-care antifibrotics with dietary habits.
Advanced research, precision medicine,
and patient-centeredness
It is crucial to learn how to translate and ‘puzzle’ evi-
dence to improve IPF management in daily practice. A
major issue with IPF is that diagnosis is often late, with
loss of lung volume reserve and gas-exchange capacity

impairment, already leading to clinical symptoms at the
moment of diagnosis. To improve IPF care, emphasis
must be given on early diagnosis, risk factor modifica-
tion, and the identification of phenotypes, most likely to
advantage from specific therapeutic interventions [94].

Although some comorbid conditions share risk factors
with IPF, the likelihood for their manifestation in pa-
tients with IPF is still greater than expected [95]. Some
pathogenetic or metabolic effects may share common
Current Opinion in Pharmacology 2021, 57:71–80
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pathways in experimental models. Furthermore, the
in vivo complexity is likely to further influence overall
effects or phenotypes. Optimal management of IPF
therefore requires a comprehensive approach, which
includes management of comorbidities to optimize pa-
tient outcomes [95].

For the aforementioned reasons, it is important to revisit

the term of patient-centeredness. Patient-centered care
was initially introduced in its humanistic meaning by
Balint [96] in 1969, and since then, the concept and
term have been multilaterally revisited. In 2000, Mead
and Bower [97] proposed a conceptual framework to
limit the uncertainty of the exact meaning of the term.
This led to a biopsychosocial direction by understanding
the patient as a person, with shared power and re-
sponsibility by his/her doctor, by building therapeutic
alliances with and by approaching doctor with his/her
human nature as well [97]. Stewart et al. [98], in a

primary care study, reported that patient-centered
practice improved health status and care quality by
‘normalizing’ utilization of diagnostic tests and referrals.
From relevant research, it is shown that a ‘nuclear’
behavioral determinant is “knowledge”, although this is
not abundant element to empower. “Goal setting” and
“action planning” were more likely to be promising in
obtaining successful interventions [99]. “Knowledge”
could be combined with “goal setting” and “action
planning” to enhance capacity. To foster effectiveness, a
consensus definition for patient empowerment and

clinimetric properties of instruments are needed to be
studied in conjunction [99].

A major effort is required to ensure that patient-
centeredness is the cornerstone to promote high-
quality care to seriously ill patients [100], developing
methodology (instruments) that monitors patient and
family experiences of serious illness care across the pa-
tient environment and care delivery sources. Re-
finements should be settled, based on advanced
qualitative techniques with patients, families, and pro-
viders in each stage of care, from case registration

through ongoing care, care during urgent episodes, and
the end-stage moments [100].

Systems biology is a novel research strategy to approach
system complexity, and its overall functional epiphe-
nomenon that is often overlooked when one element of
system disease pathogenesis is ‘decodified’ in separation
[101]. By launching global initiatives to improve IPF
outcomes and by ‘smartly’ integrating cutting-edge in-
ternational research that enables systems biology to
nurture a precision medicine approach, empowering

doctors and patients appears to be decisive steps to
undertake toward translational and ‘stochastic’ care
[101]. In Greek, the sociological use of stochastic term
refers to wise and aimful thinking. Translating the
aforementioned concept in terms of care, offering single
www.sciencedirect.com
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excellence service delivery in isolation may be less
effective than multiple good service delivery through
integrated care teams and holistic approach.

Extensive research is required before a comprehensive
disease fingerprint of IPF can be delivered and before
matching this fingerprint to each patient [102]. The
adoption of rapidly evolving molecular biology and

genomic technologies combined with appropriate bioin-
formatics data processing and integration of real-time
personalized clinical information from patients’ microe
macro settings can offer a further opportunity to improve
IPF care in terms of outcomes and life quality [102].

In conclusion, bridging disciplines fromprimary to tertiary
care service provision, enhancing patient-centeredness,
clinical precision, optimization of service delivery, bioin-
formatics monitoring, and, of course, biogenomic and
metabolic research output by early condensing these in-

gredients within pregraduate and postgraduate curricula
refinements are requisites to support, through operative
translational data processing, guidelines, and ‘midlines’
for effective IPF care in the future.
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