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ABSTRACT

In sarcoidosis, personalised strategies that consider the
various phenotypes and endotypes of the disease have
the potential to improve patient care. The ‘treatable traits’
(TT) approach offers a promising strategy that has already
been proposed and implemented in several other chronic
pulmonary diseases. In this review, we propose five distinct
TT categories for patients with sarcoidosis: aetiological,
lifestyle, pulmonary, extrapulmonary (systemic) and
comorbidities.

Despite the potential of this strategy, several challenges
hinder its implementation. In addition, much of the
knowledge on the definition and prevalence of TTs comes
from single-centre studies. Creating international registries
will enhance our understanding and provide more accurate
data on these traits.

TTs are dynamic and require continuous evaluation

to effectively respond to changes caused by disease
progression or treatment response. A multidisciplinary
management approach is therefore crucial as sarcoidosis
can impact multiple organs. Integrating primary care
physicians into the management framework will improve
overall patient care.

Incorporating patient preferences into the TT strategy is
vital for improving adherence to treatment. Additionally,
using patient-reported outcome measures will provide
valuable insights into the impact of treatment.

While the TT approach is feasible in developed healthcare
systems, challenges exist in resource-limited settings.
Advancing patient-centred care towards 5P medicine
involves addressing key TTs that meet the unique patient
needs.

Therefore, randomised controlled trials focused on TTs are
needed. Our proposed TT strategy aims to enhance quality
of life and outcomes for patients with sarcoidosis while
increasing awareness of the importance of TTs among
healthcare providers and advocacy groups.

INTRODUCTION

Sarcoidosis is a chronic, systemic, inflamma-
tory disease characterised by the accumula-
tion of non-caseating granulomas in affected
organs.! According to the prevailing hypoth-
esis, granulomas develop in response to an
as yet unidentified antigen (or antigens) in
genetically predisposed individuals.' * The
clinical presentation, natural history and
prognosis of sarcoidosis are variable and

unpredictable.” While spontaneous resolu-
tion may occur in up to one-third of patients,
others may progress to develop significant
chronic complications, including pulmonary
fibrosis, renal failure, dysrhythmias and/or
neurosarcoidosis.” * This variability is likely
influenced by genetic factors, environmental
exposures and socioeconomic status.”’

Several phenotypes of sarcoidosis have
been identified based on distinct patterns of
organ involvement and variations in disease
onset and progression.” 7 Furthermore,
robust associations between single nucleotide
polymorphisms (SNPs) and disease onset and
behaviours have been identified, suggesting
the existence of distinct pathways (ie, endo-
types) within sarcoidosis.® The concept of
‘endophenotype’ has recently gained atten-
tion, reflecting the increasing acknowl-
edgement of the role of genetics in disease
manifestation.’

A Delphi consensus has established a
scheme to guide therapeutic interventions
that consider different levels of treatment
based on the clinical course of sarcoid-
osis patients.10 However, the management
of sarcoidosis remains challenging due to
several factors, including the limited number
of randomised controlled trials (RCTs)
conducted in this disease, the reliance on low-
quality evidence to guide treatment, the lack
of tools to predict treatment response and the
impact of comorbidities, psychosocial factors
and lifestyle on disease natural history and
outcomes.'*"?

Thus, personalised approaches based on
phenotypes and endotypes should be imple-
mented in patients with sarcoidosis. To fill
this gap, a ‘treatable traits’ (TTs) approach
represents a promising strategy. A TT is
defined as a clinically relevant phenotypic or
endotypic characteristic that can be assessed
and potentially targeted by an intervention
with the aim of improving a related clin-
ical outcome.'* This strategy aims to classify
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treatable targets based on their nature and to treat patients
accordingly in a precision medicine fashion."”” This
approach has already been proposed and implemented
in several pulmonary diseases as well as connective tissue
disorders, such as systemic sclerosis.'®2° In this review, we
propose five different categories of TT in patients with
sarcoidosis: etiological, lifestyle, pulmonary, extrapulmo-
nary (systemic) and comorbidities (table 1). Given the
heterogeneity in the strength of evidence supporting
individual traits, we have stratified them according to
their level of evidence (established, emerging or specu-
lative) to better reflect their current clinical applicability
and to align with the original definition of TTs. In the
following paragraphs, examples of TTs for each category
will be provided and discussed. Table 1 summarises the
proposed TTs.

AETIOLOGICAL TTS AND RISK FACTORS

Recent advances in genetic research have significantly
deepened our understanding of the role of the human
leucocyte antigen (HLA) and non-HLA genes in the
pathogenesis and prognosis of sarcoidosis. Genome-
wide association studies (GWAS) and high-resolution
HLA typing have revealed that certain HLA alleles and
SNPs confer susceptibility to sarcoidosis, while others are
protective or associated with specific clinical phenotypes.
Notably, a GWAS involving over 2500 European-ancestry
individuals identified 49 SNPs within the HLA region
that were significantly associated with sarcoidosis suscep-
tibility.”! HLA-DRB1#0101, DQA1#0101 and DQB1%0501
emerged as prominent risk factors; they may be impor-
tant in modulating antigen presentation and subsequent
T-cell mediated immune responses that are key elements
in the pathogenesis of sarcoidosis. Earlier studies also
supported this association. A previous study identified
SNPs within HLA-DRA and BTNL2 genes as key contrib-
utors to disease development, independent of HLA
alleles.”” These SNPs were further shown to act as expres-
sion quantitative trait loci, suggesting they may influence
disease risk through gene regulation rather than structural
variation in HLA proteins. Moreover, a population-based
study in Finland highlighted the relevance of extended
MHC haplotypes, such as HLA-DRB1#04:01-DPB1*04:01,
in conferring susceptibility, reinforcing the hypothesis
that the cumulative effect of multiple linked variants
may better explain disease risk.”> While these findings
provide important insights into disease susceptibility
and pathophysiology, they are primarily derived from
observational and population-based studies and are
not yet clinically actionable. In addition, most of these
genetic associations have been described predomi-
nantly in populations of European ancestry, which may
limit their generalisability to other ethnic groups.” Yet,
the pathophysiological implications of these findings
might be significant, especially when considering their
potential to inform personalised therapeutic strategies.
In this regard, it has been consistently shown that the

DRB1#0301/DQB1#0201 allele is associated with acute,
self-limiting disease (eg, Lofgren’s syndrome).22 * These
associations should be interpreted with caution, as they
do not translate to change in clinical decision-making.
However, the existence of distinct immunological routes
driven by HLA-mediated antigen processing could be
exploited therapeutically. Theoretically, patients carrying
alleles associated with chronic disease may benefit from
early initiation of immunomodulatory therapies such as
tumour necrosis factor (TNF)-o inhibitors, although this
remains speculative and not supported by clinical trials
of patients stratified by genetic background. Although
clinical trials of patient subsets stratified based on their
genetic background are lacking, the growing body of
evidence in this field provides a compelling rationale for
such an approach. Future research integrating genomic,
transcriptomic and proteomic data is essential to develop
predictive biomarkers and implement them in individu-
alised treatment algorithms.

The chronic systemic inflammation caused by obesity
may have a role in developing several diseases, including
sarcoidosis. Leptin, which is a pro-inflammatory adipo-
kine, has a potent immunomodulatory effect that can
sustain autoreactive cell proliferation, thereby increasing
the risk of autoimmunity and sarcoidosis.?! In addition to
adipocytes, adipose tissue consists of several types of innate
and adaptive immune cells contributing to its metabolic
and immune function.” Obese adipose tissue expands
with obesity and undergoes shifts in the populations of
resident immune cells, with loss of anti-inflammatory
cytokines and secretion of proinflammatory cytokines
(eg, TNF-0, interleukin (IL)-6).%° Moreover, in obese
patients, this switch influences the immune cell pheno-
type of the lungs, generating a proinflammatory environ-
ment that may trigger the granulomatous inflammation
of sarcoidosis.”’

The first evidence of obesity as a risk factor for sarcoid-
osis was reported in a Danish registry-based study, in
which women with a high body mass index (BMI) had
a significantly higher risk of developing sarcoidosis
compared with healthy women.? This association has
been confirmed in a study of African-American women
and a registry-based study that included predominantly
Caucasian patients.29 0 A large cohort study including
more than 100 000 subjects, predominantly white women
(96%), found a higher risk of sarcoidosis in obese or over-
weight participants who had no history of disease at the
start of the observation period. Moreover, individuals who
experience greater weight gain, particularly during adult-
hood, are more likely to develop sarcoidosis compared
with those who maintain a stable weight.S1 Conversely, a
recent retrospective study that analysed over 10 000 US
veterans with a diagnosis of sarcoidosis found no associa-
tion between BMI and disease onset. However, BMI may
not accurately reflect the proportion of lean versus fatty
mass, given the evidence that men tend to have higher
lean mass than women even when they have the same
BMI, and BMI does not measure central adiposity.32 As
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Table 1
comorbidities

Treatable traits (TTs) in sarcoidosis categorised in aetiological, lifestyle, pulmonary, extrapulmonary and

Expected benefits of

Treatable trait Assessment tool (Potential) Treatment option treatment* Level of evidence
Aetiological/risk factors
Obesity BMI Diet instructions Prevent or reduce the Speculative
Waist circumference Pulmonary rehabilitation risk of sarcoidosis
Waist-hip ratio Bariatric surgery development and
progression
Improve QoL
Improve exercise tolerance
Lifestyle
Adherence to treatment Patient and relatives’ feedback Education Improve outcomes Established
Medication Adherence Report ~ Written instructions Improve QoL
Scale Self-management
Family and social support
Lack of exercise/deconditioning of ~Cardiopulmonary exercise Prescribed exercise Improve QoL Established
skeletal muscle testing programmes Improve lung function
6MWT Pulmonary rehabilitation Improve exercise capacity
Diet Patient-reported Diet instructions Improve the quality of life ~ Speculative
Nutritional questionnaires Potentially modulate
systemic inflammation
Management of
hypercalcaemia
Management of steroid-
related side effects
Pulmonary
Non-fibrotic involvement Patient-reported symptoms Monitoring Treat symptoms Established
Pulmonary function tests Systemic therapy Improve lung function
HRCT Improve QoL
Lab tests Prevent progression and
Bronchoscopy with BAL fibrosis
Lung biopsy
Progressive fibrotic involvement Patient-reported symptoms Optimisation of therapy Reduce/stabilise Emerging
Pulmonary function tests Consider antifibrotics symptoms
HRCT Referral to lung transplant Slow lung function decline
Lab tests centre Improve QoL
Lung biopsy Reduce mortality
Prevent exacerbation
Chronic respiratory failure ABG Long-term oxygen therapy Improve QoL Established
6MWT Non-invasive ventilation Reduce symptoms
Polysomnography Referral to lung transplant Improve survival
centre
Pulmonary rehabilitation
Palliative care
Intractable chronic cough Patient-reported symptoms Antitussive Improve QoL Emerging
Scores (LCQ, VAS, CQLQ) Thalidomide
Gabapentin
Airway obstruction Pulmonary function tests Bronchodilators Improve lung function Established
Systemic and/or inhaled Improve QoL
steroids Reduce/stabilise
symptoms
Pulmonary disease states
Acute exacerbation HRCT Systemic glucocorticoids Improve survival Established
Bronchoscopy with BAL Consider antifibrotics
(microbiological and cytological
sampling)
Lab tests
Relapsing disease HRCT Systemic glucocorticoids Reduce/stabilise Established
Bronchoscopy with BAL Adjust immunosuppression symptoms
(microbiological and cytological Consider antifibrotics Slow lung function decline
sampling) Improve QoL
Lab tests Reduce mortality
Extrapulmonary and systemic involvement
Continued
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Table 1 Continued

Expected benefits of

Treatable trait Assessment tool (Potential) Treatment option treatment* Level of evidence
Skin granulomatous specific lesions Clinical evaluation Topic therapy Improve QoL Established
Skin assessment tools (SASI,  Systemic therapy Prevent scarring
CSAMI)

Skin biopsy histology
(granulomas)
Skin biopsy cultures

Erythema nodosum Clinical presentation Systemic therapy Improve symptoms Established
Consider skin biopsy Improve QoL
(panniculitis)
Lymphadenopathy CT scan Monitoring Debulking of massive Emerging
Echography Systemic therapy lymphadenopathy
Biopsy
Spleenic involvement CT scan Monitoring Improve symptoms Emerging
Echography Systemic therapy Treat hypersplenism
Complete blood count Consider surgery for refractory
(screening hypersplenism) hypersplenism
Uveitis Clinical history Topic therapy Treat/improve symptoms  Established
Eye examination Systemic therapy Prevent loss of vision
Ophthalmic imaging
Lacrimal, orbital, scleral or optic Clinical history Topic therapy Treat/improve symptoms  Emerging
nerve disease Eye examination Systemic therapy Prevent loss of vision
Ophthalmic imaging Surgery for orbital involvement Surgical correction
Consider conjunctivae, lacrimal of strabismus and/or
glands or orbital tissues biopsy abnormal eyelid position
Gastrointestinal (oral, oesophageal, Clinical history Follow-up Treat/improve symptoms  Emerging
gastric, bowel) Upper Gl endoscopy and Systemic therapy
biopsy Consider surgery (stenotic
Lower Gl endoscopy and lesions)
biopsy
CT scan
FDG-PET
Liver involvement CT scan Follow-up Treat/improve symptoms  Emerging
FDG-PET Systemic therapy Treat/prevent portal
Blood examination Liver transplant hypertension
Liver biopsy Prevent cirrhosis and end-
Abdomen echo (evaluate stage disease
involvement, screen portal
hypertension)
CNS involvement Clinical history Systemic therapy Treat/improve symptoms  Established
Neurological examination Consider surgical resection in  Improve QoL
CNS MRI with contrast case of CNS mass lesion
enhancement Correction of endocrinologic
Lumbar puncture deficiencies in case of
Biopsy (rarely indicated) hypothalamic involvement
Small fibre neuropathy Small fibre neuropathy IVIG Treat/improve symptoms  Speculative
screening list Anti-TNF Improve QoL
Biopsy of the skin Cibinetide
Upper respiratory tract Clinical history Systemic therapy Treat/improve symptoms  Emerging
Endoscopy Intralesional therapy
Biopsy Topic therapy
Surgical treatment
Cytopenias related to bone marrow Blood examinations Systemic therapy Treat/improve symptoms  Emerging
involvement FDG-PET
Bone marrow biopsy
Musculoskeletal Clinical presentation Systemic therapy Treat/improve symptoms  Established
Ultrasonography and MRI Synovectomy (in selected Improve QoL
studies of involved joints patients with disease resistant
Synovial biopsy to medical therapy)
Hypothyroidism related to thyroid  Clinical presentation Follow-up Treat/improve symptoms  Established
involvement Blood examinations for thyroid Thyroid hormone replacement
dysfunction therapy

Thyroid echography

Continued
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Table 1 Continued

Treatable trait

Assessment tool

(Potential) Treatment option

Expected benefits of
treatment*

Level of evidence

Hypercalcaemia, hypercalciuria

Myocarditis

PH (group V)

Comorbidities

Lab examination
Abdominal echo

Clinical history
Cardiac biomarkers
ECG
Echocardiography
PET

Cardiac MRI

Echocardiography
RHC

Sarcoidosis-associated (organ complication)

GERD

PH (group IlI)

Congestive heart failure

OSA

Lung cancer

Pulmonary embolism

Cachexia/malnutrition

Frailty

Anxiety/depression

Fatigue

Treatment-induced

Diabetes

Osteoporosis/osteopenia

Symptoms

Oesophageal pH monitoring
Manometry

Upper endoscopy

Echocardiography
Consider RHC

NT-proBNP
Echocardiography
Coronary angiography

Sleep study

HRCT
FDG PET
Biopsy

CT pulmonary angiogram

BMI
Pre-albumin
Transferrin

FFP binary score
Frailty Index

Patient reported
scores (eg, HADS)

FAS

Fasting glucose persistently
above 125mg/dL

Random glucose levels
above 200 mg/dL occurring
in the context of high-dose
glucocorticoid therapy

Bone densitometry

Systemic therapy

Systemic therapy
ICD implant

Supportive therapy
Consider only in selected
cases Riociguat or Bosentan

Diet instructions

PPIs, H2-receptor antagonists,
pro-kinetics

Fundoplication

Referral to lung transplant
centre

Trial with PH targeted
therapies in selected patients
(eg, treprostinil)
Oxygen/non-invasive
ventilation

Targeted pharmacological
treatment
ICD implantation

Diet instructions
CPAP treatment

Surgical resection
Radiotherapy
Chemotherapy

Anticoagulants

Nutritional support
Pulmonary rehabilitation

Nutritional supportive
Pulmonary rehabilitation
Physical activity programmes

Counselling/cognitive
behavioural therapy
Antidepressant/Anxiolytics
Pulmonary rehabilitation

Psychological support
Pulmonary rehabilitation
Physical activity programmes
Neurostimulants

Armodafinil

Diet instructions
Lifestyle instructions
Insulin

Oral hypoglycaemics

Diet instructions
Lifestyle instructions
Pharmacological therapy

Treat/improve symptoms
Prevent nephrocalcinosis
and CKD

Treat symptoms
Improve QoL

Prevent sudden cardiac
death

Reduce mortality

Improve QoL
Improve exercise capacity

Improve outcomes
Reduce lung damage

Improve QoL
Improve outcomes
Reduce mortality

Improve QoL
Reduce mortality

Improve QoL
Reduce mortality

Reduce mortality

Reduce mortality

Improve QoL

Improve QoL
Reduce mortality

Improve QoL
Improve adherence to
treatment

Improve QoL

Improve QoL

Reduce systemic
complication of diabetes
Reduce mortality

Improve QoL
Reduce risk of fractures
Reduce mortality

Established

Established

Emerging

Emerging

Emerging

Established

Established

Established

Established
Established

Emerging

Established

Emerging

Established

Established

Continued
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Table 1 Continued

Treatable trait Assessment tool

(Potential) Treatment option treatment*

Expected benefits of
Level of evidence

ABG, arterial blood gas analysis; BAL, bronchoalveolar lavage; BMI, body mass index; CKD, chronic kidney disease; CNS, central nervous system; CPAP,
continuous positive airway pressure; CQLQ, Cough Quality of Life Questionnaire; CSAMI, Cutaneous Sarcoidosis Activity and Morphology Instrument; EKG,
electrocardiogram; FAS, Fatigue Assessment Scale; FFP, fried frailty phenotype; GERD, gastroesophageal reflux disease; Gl, gastrointestinal; HADS, Hospital
Anxiety and Depression Scale; HRCT, high resolution CT; ICD, implantable cardioverter defibrillator; IVIG, intravenous immunoglobulin; LCQ, Leicester Cough
Questionnaire; BMWT, 6-minute walking test; NT-proBNP, N-terminal pro b-type Natriuretic Peptide; OSA, obstructive sleep apnoea; PET, positron emission
tomography; PET FDG, fluorodeoxyglucose positron emission tomography; PH, pulmonary hypertension; PPI, proton pump inhibitor; QoL, quality of life; RHC, right
heart catheterisation; SASI, Sarcoidosis Activity and Severity Index; TNF, tumour necrosis factor; VAS, visual analogue scale.

recently suggested, future studies should incorporate
additional anthropometric measures (eg, waist circum-
ference), as BMI alone may not reliably reflect obesity as
a risk factor for sarcoidosis.”

Obesity might amplify the symptoms of sarcoidosis,
with studies showing poorer perceived health status and
health-related quality of life (QoL.) compared with non-
obese patients. Indeed, a recent study that used the King’s
Sarcoidosis Questionnaire found that higher BMI was
significantly associated with lower general health status
scores, suggesting that obesity negatively affects QoL in
these patients.” Moreover, treatment of sarcoidosis with
corticosteroids can lead to weight gain, sustaining obesity-
related inflammation.**” Thus, obesity represents a
modifiable TT that has a profound influence on several
other traits, even though the role in sarcoidosis develop-
ment needs to be confirmed.

LIFESTYLE TTS

Sarcoidosis is associated with poor treatment adherence.
Indeed, itfrequently has a chronic course and may require
long-term corticosteroid or immunosuppressive treat-
ments that are associated with substantial toxicity.*** Up
to two-thirds of patients may not adhere to treatment.”
The use of self-reported measures of adherence could be
an important tool to address this problem. However, they
are susceptible to ‘social appeal’ bias and may under-
estimate the real adherence as it was reported in other
chronic respiratory diseases.**™*

With these limitations, self-reported measurements
are important to identify patients less likely to adhere
to treatment. However, they should be coupled with an
open and thorough communication between patient
and physician with the aim of addressing uncertainties
about the disease and patient expectations. Patients with
sarcoidosis often report, as the main point of criticism in
their relationship with the treating physician, the insuf-
ficient assistance given with the management of treat-
ment side effects. Some patients feel that doctors were
prescribing medications only for financial gain.*

The ability of the physician lies in tailoring the commu-
nication to each patient. As an example, in those that
may have a cognitive impairment or forgetfulness, it
could be important to involve the family as a caregiver
or give simple written instructions, especially about
adverse effects of medications. Side effects are often a
major concern and cause of non-adherence, especially

among patients treated with corticosteroids. The patient
concerns about the use of medications should be
discussed with the physician to reduce the perception
that treatment is neither patient-centric nor tailored to
the patient needs.** **

The goal of obtaining a higher adherence to treat-
ment is to improve health-related QoL, although a better
QoL may also facilitate adherence to treatment.”” The
TT approach might help patients with sarcoidosis better
understand their disease and has the potential to avoid
inappropriate treatment when specific traits have been
ruled out or corrected. An individualised approach might
also encourage patient engagement in shared decision-
making, aligning patient expectations with the treatment
plan thus avoiding patient frustration.*’

Finally, it is important to highlight the role of patient
associations in promoting patient-centred strategies,
contributing to practice guidelines for treatment,
improving patient QoL and reducing confusion and
isolation by providing accessible information about the
disease.

PULMONARY TTS

Pulmonary involvement in sarcoidosis occurs in the
vast majority of patients and is characterised by heter-
ogeneous clinical and radiological features."” ** Some
patients may experience an asymptomatic disorder,
often discovered incidentally, while others may develop
progressive fibrosis refractory to conventional treatment
and associated with a poor prognosis.47 Dyspnoea and
cough are the most common symptoms. The frequency
of cough in sarcoidosis varies significantly across different
populations, with reported prevalence ranging from 3%
to 53%." Studies indicate that cough severity is associ-
ated with ethnicity and sex but not with spirometry, Scad-
ding stage, smoking history or age.‘r’o_‘r’2 Moreover, cough
could be a sensitive but not specific marker of sarcoidosis
activity.” In pulmonary sarcoidosis, cough has been asso-
ciated with different mechanisms and causes, including
airway irritation and structural airway damage resulting
directly from granulomatous inflammation, cough reflex
hypersensitivity, airway distortion from fibrosis, bron-
chiectasis and airway clearance impairment, and upper
airways involvement.”* The characteristics of cough in
sarcoidosis vary depending on its underlying cause, and
cough is frequently associated with poor QoL.” The
management of sarcoidosis-associated cough depends
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on its aetiology and includes inhaled and systemic corti-
costeroids, bronchodilators, airway clearance techniques
and treatment of concomitant pulmonary infections.”® In
cases of refractory chronic cough, gabapentin and multi-
modality speech pathology therapy could also be consid-
ered.”

From a functional point of view, pulmonary sarcoidosis
is typically associated with a restrictive ventilatory defect
due to parenchymal disease or fibrosis.”® However, an
obstructive pattern is also common. Indeed, endobron-
chial sarcoid granulomas can narrow, distort or rarely
obstruct the airways.59 Moreover, endobronchial granu-
lomatous inflammation can progress to airway scarring
leading to airflow obstruction.”” When airway involve-
ment is present, the decision to initiate empirical therapy
is guided by the severity and progression of symptoms.
Notably, abnormal pulmonary function tests are not an
indication for treatment in the absence of syrnptoms.61

From a radiological point of view, seven high-resolution
CT (HRCT) phenotypes broadly clustered in two cate-
gories, non-fibrotic and fibrotic, have been recently
described.?” Extensive fibrosis on HRCT has been associ-
ated with increased mortality along with other factors such
as reduction in forced vital capacity (FVC), pulmonary
hypertension (PH) and advanced age.7 0263 A progres-
sive phenotype—referred to as progressive pulmonary
fibrosis (PPF)-interstitial lung disease (ILD)—and a
usual interstitial pneumonia (UIP)-like pattern on HRCT
are independent predictors for mortality. Notably, only a
small proportion of sarcoidosis patients develops PPF.%*®
The mechanisms leading to PPF are not fully understood,
but fibrosis in sarcoidosis seems to be a distinct clinico-
pathological entity, rather than a continuum in the acute
inflammatory process.66 7 The clinical and radiological
features of PPF have many overlapping characteristics
irrespective of the underlying aetiology and explanted
lungs show augmentation of several factors associated
with fibroblast proliferation across PPF ILDs, including
sarcoidosis.”® ® Patents with a PPF might be amenable
to anti-fibrotic treatment. Similar to IPF, nintedanib, an
intracellular tyrosine kinase inhibitor reduces the rate of
disease progression, as measured by the decline in FVC,
irrespective of the underlying ILD diagnosis in patients
with PPE” In particular, nintedanib is efficacious in
slowing disease progression in patients with both UIP
and non-UIP pattern on HRCT.” However, the INBUILD
trial included only a small number of sarcoidosis patients
with a progressive phenotype. Although some biomarkers
have been described in patients with a PPF or with end-
stage disease, there are no reliable predictors of response
to antifibrotic therapy.71 72 Thus, PPF represents a rele-
vant TT in sarcoidosis that should be further analysed.

However, the clinical course of fibrotic pulmonary
sarcoidosis is highly heterogeneous, and many patients
remain stable despite extensive radiological fibrosis on
HRCT.” In addition, lesions such as nodules, ground-glass
opacity, interlobular septal thickening and consolidation
herald a non-fibrotic disease potentially responsive to

treatment.” * 18F-fluorodeoxyglucose positron emission
tomography/computed tomography ("*F-FDG-PET/CT)
can hel? differentiate fibrotic from active/non-fibrotic
disease.”” From this perspective, identifying patients with
active disease is crucial, as they are more likely to benefit
from anti-granulomatous treatment.

EXTRAPULMONARY TTS

Due to the systemic nature of the disease, a comprehen-
sive assessment of patients with sarcoidosis is crucial.
Sarcoidosis-associated pulmonary hypertension (SAPH)
is a rare but severe disease complication that results from
multiple mechanisms.” 7 SAPH is included in group 5
of the PH classification, which includes PH with unclear
and/or multifactorial mechanisms.”® Potential and
possibly coexisting pathogenetic mechanisms include:
vasculitis, granulomatous vascular involvement, veno-
occlusive disease, pulmonary embolism, ILD (paren-
chymal disease due to granulomas and/or fibrosis),
pulmonary artery/vein extrinsic compression, fibrosing
mediastinitis but also extrapulmonary causes such as left
ventricular dysfunction, sleep apnoea or liver diseases
and portal hypertension.”” Thus, it is of utmost impor-
tance to identify a dominant cause for SAPH in indi-
vidual patients. SAPH phenotyping is a dynamic process
with several potential evolving phenotypes.

While immunosuppression is a fundamental part of
disease management, a careful assessment of the mech-
anisms involved in the development of PH (with partic-
ular attention on excluding post-capillary conditions),
the severity of PH and the severity of the underlying
parenchymal lung disease (FVC <50% predicted) must
be carefully assessed before a trial with specific pulmo-
nary vasodilators is considered.”” However, there are no
conclusive data on the efficacy of specific pulmonary
arterial hypertension (PAH) drugs in these patif:nts,W_79
with only two small double-blind placebo-controlled trials
showing the efficacy of Riociguat in improving time to
clinical worsening at 1 year and exercise capacity,” and
Bosentan in improving pulmonary haemodynamics.”!
Thus, off-label use of PAH therapies should be consid-
ered on a case-by-case basis.”’

Although as many as 25% of sarcoidosis patients are
believed to have cardiac involvement, clinically overt
disease is encountered in about 5% of cases.™ ™ Cardiac
sarcoidosis is an infiltrative cardiomyopathy that results
from granulomatous inflammation of the myocardium
and may cause a number of clinical manifestations,
including right or left ventricular dysfunction (both
diastolic and systolic), high-grade conduction disease or
ventricular zurrhythmias.84 % The choice to institute treat-
ment should be based on the level of diagnostic confi-
dence (ie, definite when based on histology or highly
probable based on cardiac magnetic resonance and/
or positron emission tomography findings).*® Beyond
other medical treatment as indicated (antiarrhythmics,
device placement, standard heart failure treatment),
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glucocorticoids remain the drugs of choice as they have
been shown to reduce the risk of important composite
cardiac outcomes.®*” Other treatments, intended both as
steroid-sparing or as immunosuppressant, include meth-
otrexate, azathioprine, mycophenolate mofetil, inflix-
imab, adalimumab or cyclophosphamide, although the
scarcity of data on their efficacy and safety in this settin%
does not allow drawing recommendations on their use.®

COMORBIDITY TTS

In a patient with a given index disease, comorbidity refers
to any additional coexisting ailment. Comorbidity may
alter the clinical course of patients with the same disease,
affecting the time of diagnosis, prognosis, treatment deci-
sions and outcomes.

In sarcoidosis, several conditions may coexist in the
same patients, making it difficult sometimes to differen-
tiate between complications and concomitant conditions.
Therefore, it is crucial to perform a thorough assessment
of any specific disorder possibly associated with sarcoid-
osis.*” Such an approach is even more important whenever
the disease progresses and in patients who are referred
for lung transplant. The International Society for Heart
and Lung Transplantation endorses the management
and optimisation of all concomitant (modifiable) condi-
tions to allow listing and improve short- and long-term
outcomes after transplant.”’ Comorbidities could be
separated into two major groups, sarcoidosis-associated
comorbidities and treatment-induced comorbidities; this
distinction is crucial, as the latter can be preventable.

Fatigue is the most frequent condition reported in
sarcoidosis and represents a patient priority.”" * Comor-
bidities associated with sarcoidosis, including depression,
anxiety and obstructive sleep apnoea (OSA) may all
contribute to fatigue. Fatigue is a subjective complaint
of physical and/or mental exhaustion, and for this
reason, it can often be very difficult to differentiate
from excessive daily sleepiness.” Despite an exhaustive
search for treatable clinical causes of fatigue, in sarcoid-
osis fatigue does not correlate with disease activity.” Its
aetiology remains elusive and is usually multifactorial:
it may be a consequence of treatment, granulomatous
inflammation, psychological disorders or a combination
of them, but it may also result from other comorbidi-
ties.”” Currently, there is no agreement on the defini-
tion of fatigue. Fatigue can be seen and measured as a
unidimensional or multidimensional concept. However,
specific scales have been developed to measure fatigue
in the context of sarcoidosis, in particular the Fatigue
Assessment Scale and the Patient-Reported Outcomes
Measurement Information System fatigue.” *° The diag-
nosis of sarcoidosis-associated fatigue requires an exten-
sive evaluation through a multidisciplinary approach to
identify and treat potentially reversible causes. While
psychological interventions should always be encour-
aged, there is some evidence of the potential benefit of

various neurostimulants, including methylphenidate and
modafinil, for the treatment of sarcoidosis-associated
fatigue.” o

CHALLENGES AND FUTURE DIRECTIONS OF A TT STRATEGY
Data regarding the definition and prevalence of TTs in
sarcoidosis remain limited, primarily derived from mono-
centric observational studies.**™ The variability in the
prevalence of specific TTs is influenced by the geograph-
ical context of the study, the intensity and type of the
diagnostic workup, and the criteria used to characterise
and define the traits as clinically significant.” ** 98-100
Moreover, some of the groups of TTs proposed in this
manuscript are not entirely distinct and may exhibit
considerable overlap or interconnections (eg, obesity,
diet, malnutrition). The establishment of international
registries that encompass diverse settings and countries is
essential for enhancing the precision of prevalence esti-
mates and the characteristics associated with each indi-
vidual TT.

TTs are dynamic in nature, subject to change from
year to year or even within a single day, influenced by the
disease natural progression or treatment interventions.
Furthermore, advancements in technology and pharma-
ceutical research may modify TTs. Certain TTs necessitate
assessment only during follow-up (eg, treatment adher-
ence), while others should be evaluated from the initial
visit and consistently reassessed (eg, extrapulmonary
involvement). The interactions among clusters of TTs may
occur in complex and unpredictable ways, complicating
their prioritisation. Consequently, a strategy centred on
TTs and priority-setting must be continually reviewed
during follow-up. Engaging and involving primary care
physicians in the TT strategy is highly advisable.*

Sarcoidosis can affect virtually any organ, under-
scoring the importance of a comprehensive multidisci-
plinary management approach. The multidisciplinary
team (MDT) has become the diagnostic gold standard
in ILDs.* " MDTs might potentially improve patient
outcomes by enhancing diagnostic accuracy and refining
treatment decisions.'”* ' In sarcoidosis, the TT approach
necessitates active involvement from the MDT in both the
diagnostic phase and the identification and management
of pertinent TTs. Management and treatment of sarcoid-
osis might be driven by the most severely affected organ
system. MDTs have the potential to optimise patient
flow and avoid unnecessary delays in both pharmaco-
logical and non-pharmacological interventions, thereby
improving patient outcomes.'” '*> However, the precise
composition of the MDT and the role of the coordinating
physician have yet to be established. Table 2 presents
proposed key clinical figures that should be included in
the MDT along with their specific competencies. Three
cases illustrating the role of the MDT in identifying TTs
in sarcoidosis are delineated in table 3.

Incorporating  patient preferences and values
into a TT strategy for sarcoidosis is crucial. Effective
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Table 2 Specialist competencies within the sarcoidosis multidisciplinary care team

Treatable trait areas of

Specialist Competencies focus
Chest physician » Diagnosis confirmation and investigation of aetiology » Etiological
(coordination of the » Performance and evaluation of PFTs » Lifestyle
multidisciplinary team) » Bronchoscopy » Pulmonary
» Medication review (side effects of treatment and polypharmacy » Extrapulmonary
review) » Comorbidities
» Ensure patient’s adherence to treatment
» Management of respiratory failure, LTOT, NIV
» ldentification of patients who are candidates for lung transplant
» Identification and management of acute exacerbations/progression
of disease
» Identification of patients eligible for RCTs
» Monitoring of disease severity and potential complications
» End-of-life care
» ldentification of extrapulmonary and referral to the appropriate
specialist when necessary
Physiotherapist and/or » Pulmonary rehabilitation » Lifestyle
respiratory therapist » Pulmonary
Nurse » Coordinate input of other healthcare professionals » Lifestyle
» Support patients and their families to recognise symptoms to avoid
complications
» Ensure patient’s adherence to treatment
Radiologist » Radiological diagnosis » Aectiological
» Identification of progressive fibrosis » Comorbidities
» ldentification of AE
» Identification of complications
Gastroenterologist » Evaluation and management of extra-respiratory involvement » Extrapulmonary
» Diagnosis and management of GERD » Comorbidities
» Management of gastrointestinal side effects of treatment (eg,
antifibrotics)
Infectious disease » Exclude infectious aetiology of granulomatous inflammation » Aetiological
specialist » Advice on potential prophylaxis in patients treated with » Pulmonary
immunosuppressive drugs » Comorbidities
» Treatment of acute and chronic infection
Cardiologist » Diagnosis and management of cardiac sarcoid » Aetiological
» Diagnosis and management of RHF » Comorbidities
» Diagnosis and management of PH
Psychologist » Management of anxiety and depression » Lifestyle
» Family support
» End-of-life care
Endocrinologist » Diagnosis and management of osteoporosis and diabetes in » Comorbidities
patients treated with chronic steroid therapy
» Management of endocrinological involvement related to
sarcoidosis
Nutritionist » Diet instruction » Lifestyle
» Comorbidities
Ophthalmologist » Screening of ocular involvement » Extrapulmonary
» Management of ocular involvement » Comorbidities
» Management of ocular side effects of systemic steroid therapy
Rheumatologist » Medication review (side effects of treatment and polypharmacy » Extrapulmonary
review) » Comorbidities
» Identification of joint and muscular involvement
Geriatrician » |dentification of frail patients » Lifestyle
» Medication review » Comorbidities
» Familial and social support
Continued
Amati F, et al. BMJ Open Respir Res 2026;13:€003919. doi:10.1136/bmjresp-2025-003919 9
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Table 2 Continued

Specialist Competencies

Treatable trait areas of
focus

Pharmacologist
review)
End-of-life care

Thoracic Surgeon Surgical biopsy

Lung transplant

General practitioner
review)

vy

complications
» End-of-life care

» Medication review (side effects of treatment and polypharmacy

>
>
» Co-management of lung cancer
>
>

Medication review (side effects of treatment and polypharmacy

Ensure patient’s adherence to treatment
Support patients and their families to recognise symptoms to avoid

» Pulmonary

» Aetiological
» Comorbidities

» Lifestyle
» Pulmonary
» Comorbidities

AE, acute exacerbation; GERD, gastroesophageal reflux disease; LTOT, long-term oxygen therapy; NIV, non-invasive ventilation; PFT,
pulmonary function test; PH, pulmonary hypertension; RCT, randomised controlled trial; RHF, right heart failure.

communication and development of a shared manage-
ment plan with patients serve as fundamental drivers of
medication adherence. Adherence to treatment, particu-
larly corticosteroids, is often limited in sarcoidosis, while
greater adherence correlates with improved QoL."% A
recent survey conducted by the European Lung Foun-
dation among patients with sarcoidosis from nine coun-
tries indicated that respondents emphasised the need to
include QoL as a relevant outcome within their manage-
ment plan.'” Evidence from other chronic pulmonary
conditions has shown enhanced outcomes when patients
participate in the decision-making process with targeted
patientreported outcome measures (PROMs).'” The
varying levels and types of QoL impairment reflect the
heterogeneous nature of sarcoidosis. A structured appli-
cation of PROMs within the TT approach can effectively
identify treatment effects on patients’ well-being.

One significant barrier to effective sarcoidosis
treatment is the scarcity of biomarkers and endo-
types. Several HLA haplotypes and SNPs have been
linked to the onset and clinical manifestations of
the disease.” '"° 17 Conversely, certain genetic poly-
morphisms may account for variability in treatment
responses.108 199 As discussed before, patients carrying
chronic-associated HLA types may benefit from early
initiation of immunomodulatory therapies such as
TNF-o inhibitors or JAK-STAT pathway modulators,
but this is currently speculative. Nonetheless, many
biomarkers are constrained by their lack of speci-
ficity, as they are associated with broad immune activ-
ities across multiple diseases. The identification of
biomarkers, using artificial intelligence and machine
learning methodologies, may yield more informa-
tive insights than isolated markers. In this context,
sarcoidosis may serve as a model for applying precision
medicine in immune-mediated diseases, transforming
treatment paradigms from reactive to preventive and
targeted interventions based on genetic susceptibility.

Finally, the TT approach may be more readily imple-
mented in countries with robust healthcare systems
and established multidisciplinary networks, but it poses
challenges in resource-limited settings with restricted
access to diagnostic tests and serum biomarkers. Clini-
cians in such environments may face several obstacles,
adversely affecting doctor—patient communication
and, consequently, treatment adherence. Addition-
ally, concerns regarding the potential costs associated
with implementing the TT approach warrant thor-
ough consideration. While initial investments in clin-
ical research may be necessary, it can be reasonably
hypothesised that lifetime costs could decrease due to
improvements in clinical outcomes.

CONCLUSION

The proposed TT strategy for sarcoidosis relies on various
phenotypes and key clinical characteristics of the disease.
Enhancing our understanding of the pathophysiology
through additional genetic and etiological components is
essential for identifying the endotypes of sarcoidosis and
improving clinical care for patients. To implement this
strategy effectively, a multidisciplinary approach is required,
which addresses not only systemic and pathophysiological
factors but also the somatic and psychosocial dimensions of
the disease.

Globally, the challenges associated with sarcoidosis
are primarily linked to disease management and patient
engagement. Patient-centred medicine has evolved into
5P medicine, which aims to identify the clinically relevant
TTs that should be targeted to address the patient needs.'"’
Figure 1 provides a conceptual framework linking TTs with
the 5P medicine approach, rather than a representation
of validated clinical pathways. 5P Medicine refers to a
modern approach to healthcare that is Predictive, Preven-
tive, Personalised, Participatory and Proactive. It aims to
use data, technology, and patient involvement to anticipate

10 Amati F, et al. BMJ Open Respir Res 2026;13:€003919. doi:10.1136/bmjresp-2025-003919
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Figure 1 A diverse range of treatable traits (TTs) can be present within a single patient, presenting both unique challenges
and significant opportunities for personalised care. Each TT is colour-coded to reflect its importance, measurability and
treatability for the individual patient. This colour-coding allows healthcare providers to quickly discern which TTs require
immediate attention and which can be monitored over time. While some proposed TTs are of profound clinical relevance and
may be straightforward to assess or treat, others may pose challenges in identification and management. Furthermore, every
aspect of the 5P model—Predictive, Preventive, Participatory, Personalised and Proactive —interacts dynamically with each
TT, influencing its significance and the potential for effective treatment. For example, the first woman on the left illustrates
how certain TTs may have minimal clinical relevance yet can be easily prevented, emphasising the impact of tailored
interventions in healthcare. QoL, quality of life; PROMSs, patient-reported outcome measures.

disease, tailor treatments and improve overall health
outcomes."'"™""* The 5P framework signifies a transition
towards proactive and tailored healthcare, moving beyond
a traditional reactive one.'"' The 5P medicine emphasises
the use of predictive technologies to identify disease risks,
implement preventive measures, encourage patient partic-
ipation and personalise treatments based on individual
characteristics.''* Precision medicine also focuses on
tailoring treatments to a person’s unique genetic makeup
and other prognostic factors.” Empowering patients in
the decision-making process transforms them from passive
recipients of care into active participants in their treatment
and management. In sarcoidosis, the 5P framework has the
potential to translate into more effective and sustainable
management strategies.

Further RCTs based on TTs are necessary to optimise both
non-pharmacological and pharmacological interventions
that focus on phenotype- and endotype-driven mechanisms,
with the goal of improving QoL and outcomes for patients
with sarcoidosis. We believe this approach will also enhance
awareness of the disease among healthcare providers, regu-
latory agencies, and patient advocacy groups.
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