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Tell me with whom you associate, and I will tell you who you are—Johann Wolfgang von Goethe

Prediction is very difficult, especially about the future—Niels Bohr

Sarcoidosis is complex and highly variable, with protean clinical manifestations and a wide array of
consequences for patients. The course is likewise unpredictable, leading to the moniker “sarcoidoses” to
connote that sarcoidosis may be a syndrome rather than a single disease [1]. Delineating distinct
subgroups, “phenotypes”, has been an attempt to simplify prediction about individual patients and to
homogenise groups for research purposes. Sarcoidosis phenotypes have been used most often to predict
prognosis or to cluster patients with similar outcomes [2–5]. But phenotyping could also be used primarily
to stratify patients by clinical features such as extent of organ involvement, or by perceived severity [6, 7].

The most well-known phenotyping system was proposed by Karl Wurm [8], and modified by Guy
Scadding in a seminal 1961 publication [9]. The Wurm−Scadding system relies entirely on the chest
radiograph (CXR) to provide a rough estimate of the likelihood of resolution at 5 years. Today, nearly all
clinical and translational studies contain a table describing the CXR stage of their population; newer
proposed phenotyping systems [4, 5] and almost all extant clinical trials likewise incorporate the
Wurm−Scadding features as foundational elements. That the Scadding system has persisted so long is a
testament to its simplicity, convenience and reproducibility across populations. However, Scadding himself
noted from the outset that the likelihood of ocular or cutaneous disease bore no relationship to the chest
radiographic pattern [9]. In fact, the Scadding stage correlates poorly with patient-reported disease
severity, pulmonary function tests, and need for treatment for individual patients [10–13].

Many of the most reproducible scientific observations regarding sarcoidosis, and a significant proportion
of novel pathophysiologic insights, have been derived from focusing on narrow, relatively homogeneous,
and fairly uncommon, phenotypes, especially Löfgren’s syndrome [14–16]. More recently, a distinct
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phenotype of advanced sarcoidosis, characterised by markedly impaired physiology, fibrosis and a high
prevalence of pulmonary hypertension, was shown to have a particularly poor prognosis [17, 18].
Advanced fibrotic sarcoidosis with pulmonary hypertension and Löfgren’s syndrome occupy opposite ends
of the spectrum, but for most pulmonary patients, defining a homogeneous and highly predictable
phenotype is not so simple. The Scadding staging system is not especially useful for this middle group.

Time and technology have also eroded the usefulness of the Scadding system. Today, nearly all sarcoidosis
patients have had at least one computed tomography (CT) study prior to diagnosis. Typically, the scans
reveal imaging abnormalities not evident on CXR, including prominent lymph nodes, subtle parenchymal
involvement, or minimal fibrosis. The implications of such findings in the context of Scadding
descriptions are largely unknown, but it is likely that CT features can enrich our capacity to phenotype
[19, 20]. FDG-PET scan provides further data regarding disease activity and prognosis [21], and will
increasingly be considered as a strategy to stratify patients. Other imaging technologies will emerge [21–
23]. Finally, the field of sarcoidosis is rapidly expanding from being solely the bailiwick of chest physicians
to intense focus by other specialties, especially cardiology, rheumatology, ophthalmology and neurology. A
phenotyping system centred on the lung is increasingly less relevant.

The GenPhenReSa consortium is an ambitious multinational collaboration that illuminates a new
paradigm for sarcoidosis research by demonstrating the feasibility and value of funding collaborative
multicentre efforts for this rare and heterogeneous disease. For a study published in this issue of the
European Respiratory Journal, the investigators have mined the clinical data from 2163 patients recruited at
31 centers across Central and Western Europe [24]. Rather than binning their patients according to
preconceived or historically studied subgroups, the authors performed unsupervised hierarchical clustering
on principal components to identify novel clinical associations. Five phenotypic organ-based clusters
emerged from the analysis: pulmonary, intra-abdominal organs, musculoskeletal−cutaneous,
extrapulmonary and oculo−cardiac−central nervous system−cutaneous (OCCC). Membership in a given
cluster entails higher odds for certain other clinical features, such as acute versus subacute onset,
symptoms and need for therapy.

The organ clusters revealed in this analysis accord with our existing knowledge. Splenic, hepatic and
cutaneous involvement, along with a high frequency of constitutional symptoms, correlated more often
than controls in a cohort of 233 US patients [25]. In the Sarcoidosis Genetic Analysis (SAGA) study in
African-Americans, liver, spleen and bone marrow involvement segregated into a phenotypic cluster [26].
Other groups have noted a relationship between neurological, cardiac and ocular sarcoidosis [27, 28]. The
symptoms and organ distribution of the musculoskeletal−cutaneous phenotype correspond well with
Löfgren’s syndrome.

While these results are tantalising, they will require validation. A high proportion (42%) of the patients
were enrolled from a single centre. The relative frequency and importance of acute sarcoidosis in Europe
compared with other continents likely skewed the derivation of the clusters. Compared with white
Europeans, well-known phenotypic differences are present in African-American and Japanese populations
[29–31]. However, besides epidemiological cohorts, analysis of genetic and genomic datasets may provide
additional validation through the process of “reverse phenotyping” that could substantiate the currently
proposed organ clusters [32, 33].

Clearly, clustering patients according to organ involvement will not entirely explain the phenotypic
heterogeneity that characterises the sarcoidosis syndrome. However, it is intriguing that organ involvement
clusters associate with shared genetic markers [16, 26], at least in selected populations. Shared
pathophysiology may also have shared therapeutic implications: for example, the OCCC system contains
most of the organs that are most effectively treated with tumour necrosis factor antagonists [34]. We can
imagine that biomarker discovery will be enriched when organ clusters are used to analyse candidate
proteins, micro-RNAs or genes. There is good precedent for this approach. For example, genetic linkage in
the SAGA cohort was stronger for organ involvement when organs were considered as clusters, rather than
individually [26].

As mentioned previously, one of the important utilities of phenotyping is to estimate prognosis. To date,
phenotyping provides limited insight regarding prognosis. For example, most patients who die from
pulmonary sarcoidosis have Scadding stage 4 disease. However, the majority of stage 4 patients still do well
over time [18]. The GenPhenReSa consortium did not provide nuanced information about types of
therapy and aggressiveness of treatment, and also lacks information about the clinical status at two to five
years. Linking clinical outcome to phenotype may lead to future insights, such as genetic markers. For
Löfgren’s syndrome, between 10 to 20% of patients require therapy beyond 2 years. Longitudinal studies of
Löfgren’s patients demonstrated that the patients with HLA type DRB1*03 had self-limited disease
whereas half of DRB1*03 negative patients did not resolve within 2 years [15]. Therefore future
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phenotyping studies of sarcoidosis should plan on following clinical course to further refine the
phenotypes identified.

A phenotype is defined as a “set of observable characteristics”, but does not dictate the stringency
(intensity and/or frequency) with which attempts to uncover any given characteristic should be undertaken
[35]. In clinical practice, we phenotype based on what is observed, not what could be observed. This
nuance has direct relevance to sarcoidosis, where it is well-known that occult, clinically non-bothersome
organ involvement is very common. If one looks hard, perhaps by imaging, random biopsy, or even
autopsy, asymptomatic organ involvement may be found much more often than expected [36–40]. For this
reason, certain tests have been recommended as baseline screening for all patients, even when
asymptomatic [41–43], when occult involvement is potentially organ-threatening. Ophthalmologic
examination is one example. However, the intensity of screening, considering cost, radiation exposure,
likelihood of changing the outcome, and the subjecting the patient to unnecessary tests or additional
downstream procedures, is still a controversial topic [35, 41]. For example, it is worth noting that the
chance of developing new ocular involvement over the first 2 years in a US cohort was 3.3% [44], and zero
in a Japanese cohort over a median follow-up period of 7.7 years [45]. For new cardiac disease, the
incidence was 2.3% and 4.7% in the two cohorts, respectively. In both series, clinical features at baseline,
such as extrathoracic disease or multiple organ involvement predicted a higher chance of new organ
manifestations. Coupled with organ-involvement clusters proposed in the current report, these
observations suggest a strategy to enrich screening efforts for diagnosing unsuspected organ involvement.
For example, routine ophthalmologic exams and more intense (baseline and longitudinal) cardiac
screening tests seem more sensible in patients with established neurosarcoidosis, especially if there is
multisystem disease.

As pathophysiologic insights, clinical technology, cost, treatments, and practice standards evolve,
phenotyping will continue to evolve as well. Biomarkers, genotypes, molecular signatures and clinical
features are all likely to play a role in the physician’s assessment of sarcoidosis in the near future, ideally in
combination. A non-biased approach to clustering sarcoidosis patients based on “-omics” promises to
identity novel phenotypes that are more powerful for prognosis, severity, treatment response, and other
clinical characteristics. As these new phenotypes are developed, they must be interpreted and validated
within the context of the sarcoidosis clinic and the patient’s experience in order to be acceptable and
useful.
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