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Introduction

PIK3CA-related overgrowth spectrum (PROS), or PIK3CA-
related spectrum disorders, is a group of disorders usually 
caused by somatic variants in the PIK3CA gene including 
fibroadipose overgrowth, congenital lipomatous over-
growth, vascular malformations, epidermal nevi, scoliosis/
skeletal and spinal (CLOVES) syndrome, hemihyperplasia 
multiple lipomatosis, Klippel-Trenaunay syndrome, macro-
dactyly, and megalencephaly-capillary malformation.1 PROS 
disorders have an asymmetric, patchy presentation and, with 
the exception of some megalencephaly-capillary malforma-
tion cases, lack familial recurrence (somatic).2 The observed 
wide phenotypic spectrum is a result of mosaicism;3 the tim-
ing and location of the mutation, tissue distribution, and 
stage of embryogenesis;4 and mechanistic differences among 
PIK3CA alleles.5,6

PROS disorders often have overlapping clinical features 
that include both tissue-specific localized effects and pleiotro-
pic presentation.1 Overgrowth may occur in isolated or mul-
tiple tissues such as skin, bone, muscle, adipose tissue, neural 
tissue, and blood or lymph vessels.7 Deformities may present 
prenatally, at birth, or sometimes during puberty, and become 

aPHAR (Partnership for Health Analytic Research); bChildren’s Hospital 
Philadelphia; cNecker-Enfants Malades Hospital; dM-CM Network; eCLOVES 
Syndrome Community; fUCSF Benioff Children’s Hospital; gCincinnati Children’s 
Hospital Medical Center and the University of Cincinnati College of Medicine; 
hUniversity of Wisconsin- Madison, School of Medicine & Public Health; iChildren’s 
Hospital Colorado; jThe Royal Children’s Hospital Melbourne, Murdoch Children’s 
Research Institute; kBoston Children’s Hospital, Harvard Medical School; and 
lMayo Clinic

Financial Disclosure: The authors declare that they have no conflicts of interest 
with regard to the content of this report. Authors have completed ICMJE forms.

Previous Presentations: Poster presented at the CLOVES Syndrome Community 
International Scientific Meeting for PIK3CA Related Conditions; Oct 28–29, 2021.

Level of evidence: 5, Expert opinions based on non-systematic reviews of results 
or mechanistic studies

Correspondence Michael S Broder, MD, 280 S. Beverly Drive, Suite 404, Beverly 
Hills, CA 90212. (mbroder@pharllc.com).

Copyright © 2023 The Authors. Published by Wolters Kluwer Health, Inc. on behalf 
of The International Society for the Study of Vascular Anomalies. This is an open-
access article distributed under the terms of the Creative Commons Attribution-Non 
Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is permissible 
to download and share the work provided it is properly cited. The work cannot be 
changed in any way or used commercially without permission from the journal.

Journal of Vascular Anomalies (2023) 4:e067

Received: 27 September 2022; Accepted 28 April 2023

Published online 31 May 2023

DOI: 10.1097/JOVA.0000000000000067

Objective(s): PIK3CA-related overgrowth spectrum (PROS) is a group of disorders caused by somatic variants in the 
PIK3CA gene. We aimed to update recommendations on the severity classification, testing, and medical management of patients 
with PROS.
Methods: Using validated consensus methodology, we convened a 13-member panel in 2020 and reviewed current evidence on 
how to diagnose and treat PROS. The panel was asked to rate the level of disease severity, and the appropriateness of whether to 
test for a mutation and medical therapy in 217 patient scenarios before a virtual meeting. Panelists discussed areas of disagreement 
and completed ratings following the meeting.
Results: The panel developed clinical presentations and endorsed the disease severity framework defined by functional impair-
ment, a reduction in quality of life, and risk of death. Panelists agreed it is appropriate to test for a PIK3CA gene variant in every mod-
erately/severely affected patient. Panelists agreed it may be appropriate to consider an mammalian (mechanistic) target of rapamycin 
inhibitor in some severely affected patients and some moderately affected patients with progressive disease. Although clinical trials 
have only recently begun and the evidence remains limited, panelists also agreed it may be appropriate to consider treatment with 
phosphoinositide 3-kinase/serine/threonine protein kinase inhibitors in severely affected patients with a confirmed PIK3CA variant or 
without a confirmed variant but with progressive disease.
Conclusion: These recommendations represent the consensus of experts informed by published literature and experience. 
Future research should validate this guidance using clinical data. Once validated, we hope these recommendations will improve 
outcomes for patients with PROS.
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accentuated with growth. Although the data are quite limited, 
clinical experience suggests most presentations are associated 
with significant morbidity and decreased quality of life.8

PIK3CA is also a commonly mutated gene in many solid 
cancers, including breast, ovarian, and colorectal cancers.9 
Alpelisib has been approved for the treatment of patients 
with a PIK3CA mutation in HR+/HER2− advanced breast 
cancer10 and early evidence shows that it may be effective for 
patients with PROS.11

In 2013, a panel of researchers and patient representatives 
met at the National Institutes of Health (NIH) to develop a con-
sensus on diagnostic categories for PROS and determine when 
a patient should be tested for the PIK3CA variant.1 The NIH 
used an unstructured consensus panel process. In 2020, we con-
vened a new, international panel using the RAND/University of 
California, Los Angeles (UCLA) modified Delphi panel method, 
a structured consensus methodology. Our goal was to update 
the recommendations on the severity classification and testing 
and develop new recommendations for the medical manage-
ment of individuals with PROS.

Materials and methods

We used the RAND/UCLA modified Delphi panel method, a 
formal group consensus process that systematically and quan-
titatively combines expert opinion and evidence by asking 
panelists to rate, discuss, then re-rate items. The steps include 
the selection of panelists, generation of a rating form, a review 
of the literature, a first-round survey, typically an in-person 
meeting where panelists discuss areas of disagreement, final 
ratings and analysis of those ratings, and the development of a 
written summary of areas of agreement. The method implicitly 
recognizes that each clinical situation is different, with its own 
set of complex characteristics. In practice, many other clini-
cal and nonclinical factors beyond those addressed in such a 
panel will affect the decision to test for a variant or consider 
medical therapy. The consensus statements that result from 
the use of a RAND/UCLA modified Delphi panel method are 
in no way intended to supersede physician decision-making 
and are intended only as general guidance.

We convened a 13-member panel comprised of 11 phy-
sicians and 2 patient advocates in 2020. Physicians had 
a variety of clinical backgrounds, including hematology/
oncology (n = 3), genetics (n = 2), dermatology (n = 2), 
plastic surgery (n = 1), neurology (n = 1), nephrology (n 
= 1), and radiology (n = 1). The 2 patient advocates were 
leaders of patient advocacy organizations on PROS con-
ditions (CLOVES and megalencephaly-capillary malfor-
mation). All panelists had experience with a variety of 
PROS conditions. Eleven panelists were from the United 
States: 6 from the Northeast (MA, ME, NY, PA), 3 from 
the Midwest (MN, OH, WI), and 2 from the West (CA, 
CO). Two panelists were from outside the United States (1 
from France and 1 from Australia). Seven were female. The 
panelists had an average of 13 (range 3–31) years working 
with PROS disorders and physicians had an average of 20 
(range 4–37) years of clinical experience. Panelists were 
compensated for their time by Novartis Pharmaceutical 
Corporation as part of their ongoing research on PROS 
and alpelisib. Novartis provided input on the composition 
of the panel but did not provide input on the methodology 
or results of the panel. The study did not involve human 
subjects and was therefore not subject to institutional 
review board approval.

Panelists and researchers collaboratively developed a 
rating form made up of patient scenarios through a series 
of individual phone interviews. Using panelist experience 
treating the conditions, we developed scenarios that broadly 
described patients with mild, moderate, and severe pheno-
types with the distinction based on the level of functional 
impairment, quality of life reduction, and risk of death. For 
example, to be labeled “mildly” affected, patients with PROS 
should not have an increased risk of complications nor death 
from their disease manifestations, “moderately” affected 
patients should have an increased risk of complications but 
not death, and “severely” affected patients should have an 
increased risk of death. Similar criteria were established for 
functional impairment and quality of life. We also developed 
examples of clinical presentations for each level of severity 
(Table 2). These were intended to help panelists imagine the 
range of patients affected by PROS.

Researchers conducted a targeted review of the literature 
to develop a summary of the current evidence on the diag-
nosis, classification, and treatment of PROS. The summary 
included the diagnostic and testing criteria developed by the 
2013 NIH panel,1 a description of the various clinical presen-
tations and potential complications of the phenotypes, and 
a review of the completed and ongoing clinical trials of tar-
geted medical therapies used in PROS (including mammalian 
(mechanistic) target of rapamycin [mTOR], phosphoinositide 
3-kinase [PI3K], and serine/threonine protein kinase [AKT] 
inhibitors). This summary was intended to provide panelists 
with a review of the current evidence on the diagnosis, test-
ing, and treatment of PROS, as well as additional examples 
of phenotype presentations, in preparation for the meeting.

Before the group meeting, panelists rated the appropri-
ateness of mutation testing, the level of disease severity, 
and whether they would consider medical therapy to be 
appropriate for a total of 217 scenarios. Ratings were com-
pleted independently by panelists. At the meeting (held by 
video conference in November 2020 because of the ongoing 
Coronavirus disease of 2019 pandemic), we discussed each 
item on which there was disagreement in the first round. 
Following this discussion, we clarified some items, added 
several scenarios, and removed others because they were 
unlikely to exist in the real world, leaving 127 scenarios to 
be rated by each panelist in the second round.

Items were rated on a 1–9 scale. The median rating was 
calculated for each item and categorized into 3 groups (1–3, 
4–6, 7–9). Items with ≥2 individual ratings outside the cate-
gory in which the median rating fell were defined as having 
a disagreement. For example, ratings of 4, 5, 6, 6, 7, 8, 8, 8, 
8, 8, 9, 9, 9 would result in a median of 8 with disagreement 
because 4 ratings were outside the 7–9 range. Using these 
classifications, we analyzed patterns of agreement and dis-
agreement and identified examples of clinical presentations 
of PROS that were mild (ratings 1–3), moderate (ratings 
4–6), or severe (ratings 7–9) as well as circumstances when 
it would be inappropriate (ratings 1–3), appropriate (ratings 
7–9), or uncertain (ratings 4–6) to test for mutation or con-
sider providing medical therapy.

Results

Severity classification

The panel endorsed a disease severity framework defined by 
functional impairment, a reduction in quality of life, and risk 
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Table 1.

Severity Classification Framework

 Mildly Affected Moderately Affected Severely Affected 

Functional impairments* In adults: Some impact on instrumental 
activities of daily living (iADLs)†, eg, needs 
to be accompanied on shopping trips, 
prepares meals if supplied with ingredients, 
travels when accompanied by another, 
takes medication if prepared in advance in 
separate dosage. Can carry out activities of 
daily living (ADLs)‡ without supervision or 
assistance.

In children: No more than slight impairment 
in functioning at home, at school, or with 
peers. May be some limitations walking 
long distances or balancing.

In adults: Cannot carry out iADLs, eg, does 
not use phone, unable to shop, needs to 
have meals prepared and served, does not 
travel. Some impact on ADLs, eg, needs 
help with bathing, dressing, cleaning 
self, and feeding. May miss work/school 
occasionally, associated with some limits 
to mobility that can be compensated (e.g., 
use other hand to carry out ADLs).

In children: some interference in social 
functioning at home, at school, or with 
peers. Can sit with some external support, 
may use mobility device when walking.

In adults: Cannot carry out iADLs or ADLs, 
eg, cannot manage basic physical needs, 
unable to attend work/school.

In children: needs constant supervision 
(24-hour care) due to gross impairment 
in communication, cognition, affect, or 
personal hygiene. Severe limitations in 
head and trunk voluntary control, requires 
physical assistance sitting.

Quality of life (QOL) reduction, eg, fatigue, 
depression/anxiety, pain, sleep disturbances

No or limited impact on QOL Some reduction in QOL (eg, pain, depres-
sion/anxiety, fatigue that does not interrupt 
ADLs)

Significant reduction in QOL (eg, pain, 
depression/anxiety, fatigue that interrupts 
ADLs)

Risk of death None Increased risk of complications§ but not of 
death

Increased risk of death

*In adults, functional impairment is based on the Lawton & Brody (1969) Instrumental Activities of Daily Living (iADL) Scale and the Katz ADL Index (1970). In children, functional impairment is based on the 
Gross-Motor Function Classification System and the Children’s Global Assessment Scale (Schaffer et al. Arch Gen Psychiatry 1983).
†More complex activities required for independent functioning in community settings (eg, shopping, cooking, and managing finances).
‡Basic activities required for survival (eg, eating, bathing, and toileting).
§An unfavorable result of the disease.

Table 2.

Severity of Disease Grouped by Typical Clinical Findings

Impact of PROS

Mild Moderate Severe 

Isolated, well-circumscribed lymphatic malformation

Isolated (superficial) capillary-venous malformation

Organ overgrowth without impaired function (eg, splenic 
enlargement without hypersplenism)

Musculoskeletal overgrowth not requiring surgical 
intervention with either no evidence of or nonprogressive 
scoliosis

Skin abnormalities (such as dermal melanocytic nevi, 
café-au-lait macules, hypopigmented macules, cutis 
marmorata, pigmented nevi, patchy hyperpigmentation 
that follows the lines of Blaschko, or linear keratinocytic 
epidermal nevi) with no impact on function, quality of life, 
or risk of death

Cutaneous lymphatic leakage

Bleeding that results in anemia and requires only oral iron 
support

Bleeding that does not require intervention (eg, oral iron 
support or blood transfusion)

Organ overgrowth with impaired function (eg, splenic 
enlargement with hypersplenism)

Musculoskeletal overgrowth either not requiring surgical 
intervention with progressive scoliosis or requiring surgical 
intervention with either no evidence of or nonprogressive 
scoliosis

Contracture or joint involvement causing anatomic impair-
ment that has some impact on ADLs

Megalencephaly and/or neuronal migration defects (eg, 
may be due to brain overgrowth)

Growth dysregulation (eg, failure to thrive, growth retarda-
tion, overgrowth in combination with undergrowth)

Paraspinal high flow or other high-risk lesion

Ascites or pleural effusion from lymphatic anomalies 
including chylothorax and chylous ascites (central con-
ducting lymphatic abnormality)

Inflammatory flare-ups and/or infections resulting in 
hospitalization

Thoracic and/or central phlebectasia*

History of deep vein thrombosis or pulmonary embolism

Increased risk of embolism due to a malformation with 
connection to deep venous system (ie, large, ectatic, or 
anomalous)

Bleeding that is life-threatening or requires blood 
transfusion

Compromised airway (eg, due to overgrowth or lymphatic 
malformation)

Disordered aerodigestive function resulting from the 
nervous system or muscular involvement (eg, hypotonia, 
neuropathy)

Disordered gross motor function (eg, needs help with 
bathing, dressing, feeding, some limits to mobility that can 
be compensated) resulting from musculoskeletal involve-
ment (eg, overgrowth or progressive scoliosis)

Intractable seizures despite medication (eg, may be due to 
brain overgrowth)

Hypoglycemia with significant sequelae (eg, seizures)

Visible distortion of anatomical landmarks causing 
disfigurement

Intellectual disability that interrupts ADLs (eg, cannot man-
age basic physical needs, requires constant supervision)

Severe pain that interrupts ADLs

Disease-related malignancy (eg, Wilms tumor, teratoma)

The table presents examples of clinical findings that the panel agreed could classify patients as being mildly, moderately, or severely impacted by PROS. This is not a complete list and is intended to provide 
context to the circumstances we describe above for when mutation testing or medical therapy is recommended.
*Isolated and simple congenital dilatation of the central or cervical veins associated with risk of pulmonary embolism (Alomari et al. J Thorac Cardiovasc Surg 2010).
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of death (Table  1). Specifically, severe PROS is associated 
with significant functional impairments (defined as an inabil-
ity to carry out activities of daily living [ADL] or instrumen-
tal activities of daily living [iADL] in adults, and the need for 
constant supervision due to gross impairment in children), 
significant reduction in quality of life (eg, pain, depression/
anxiety, fatigue that interrupts ADLs), and an increased 
risk of death. Clinical examples of severe presentations are 
shown in Table 2.

Similarly, moderate PROS is associated with some func-
tional impairments (defined as an inability to carry out 
iADLs and some impact on ADLs in adults, some interfer-
ence in social functioning, and the need for external support 
when sitting or mobility device when walking in children), 
some reduction in quality of life (eg, pain, depression/anxi-
ety, fatigue that does not interrupt ADLs), and an increased 
risk of complications but not of death. The panel agreed that 
mild PROS is associated with minor functional impairments, 
no or limited impact on quality of life, and no increased risk 
of complications or death. Examples of moderate and mild 
presentations are shown in Table 2.

Testing

In the second round, panelists agreed on 100% of ratings on 
when to test for a mutation. Except when the potential clini-
cal harms outweigh the benefits or when costs make it unrea-
sonable to do so, the panel agreed it is appropriate to test for 
a mutation in every moderately and severely affected patient. 
This would include when medical therapy with an mTOR, 
PI3K, or AKT inhibitor is being considered, when biopsy tis-
sue has been or will be obtained during a planned surgery, 
and when the result would change a plan for surveillance.

The panel also agreed it is appropriate to test for a muta-
tion in mildly affected patients in certain circumstances 
including when medical therapy with a PI3K or AKT inhib-
itor is being considered, when biopsy tissue has been or will 
be obtained during a planned surgery, and when the result 
would change a plan for surveillance. The panel was uncer-
tain about the appropriateness of mutation testing in mildly 
affected patients when medical therapy with an mTOR 
inhibitor is being considered.

Medical management

In the second round, panelists agreed on 74% of ratings 
on medical therapy. Panelists agreed it may be appropriate 
to consider an mTOR inhibitor in some severely affected 
patients, regardless of age, whether a mutation is confirmed, 
or whether the disease is progressive or nonprogressive. 
They agreed it is appropriate to consider treatment with an 
mTOR inhibitor in some moderately affected children (3–12 
years old) and adolescents/adults (>12 years old) with the 
disease that progresses over a 6-month interval, regardless 
of whether a mutation is confirmed or not. They agreed that 
mTOR inhibitor treatment was not appropriate in mildly 
affected patients with nonprogressive disease.

At the time this Delphi panel convened (2020), clinical 
trials had only recently begun, evidence was still limited, and 
the panel agreed it may be appropriate to consider treatment 
with a PI3K or AKT inhibitor on a compassionate use basis in 
some cases, for example in severely affected children or ado-
lescents/adults with a confirmed PIK3CA variant, or in those 
without a confirmed variant but with progressive disease. It 

may also be appropriate to consider PI3K or AKT inhibitors 
in severely affected infants (≤2 years old) with a confirmed 
mutation and progressive disease. In April 2022 (after this 
Delphi panel convened), the Food and Drug Administration 
approved the use of alpelisib, a PI3K inhibitor, for the treat-
ment of adult and pediatric patients ≥2 years old with severe 
manifestations of PROS who require systemic therapy. The 
panel did not come to a consensus on the use of a PI3K or 
AKT inhibitor in mildly or moderately affected patients.

Discussion

Patients with PROS require complex management from a 
multidisciplinary team that may include dermatologists, 
geneticists, hematologists, oncologists, interventional radiol-
ogists, neurologists, and surgical specialists such as ortho-
pedic surgeons, otolaryngologists, and plastic surgeons. At 
the time this panel convened, current treatments were not 
used with curative intent, rather they were partially thera-
peutic or provided on compassionate grounds. There was a 
variable body of evidence on the efficacy of mTOR, PI3K, 
or AKT inhibitors in PROS.11–17 In April 2022, the Food and 
Drug Administration granted accelerated approval for the 
use of alpelisib in adult and pediatric patients ≥2 years old 
with severe manifestations of PROS who require systemic 
therapy.18 However, unleashing these therapies’ full poten-
tial in PROS will require selective treatment, dose/schedule 
optimization, rational combinations with other therapeutic 
approaches, and more clinical research.

The current panel recommended testing every moderately 
and severely affected patient except when the potential clini-
cal harms outweigh the benefits or when costs make it unrea-
sonable to do so. The panel also agreed it is appropriate to 
test for a mutation in mildly affected patients when medical 
therapy with a PI3K or AKT inhibitor is being considered, 
when biopsy tissue has been or will be obtained during a 
planned surgery, and when the result would change a plan 
for surveillance. Although the panel did not discuss spe-
cific testing methods, recent publications have emphasized 
the importance of deep coverage, high-sensitivity next-gen-
eration sequencing, full gene sequencing, the use of broad 
and frequently updated gene panels, and careful specimen 
selection (in consultation with clinicians, genetic counselors, 
and laboratory personnel).19,20 The 2013 NIH panel recom-
mended the use of affected tissue (overgrown tissue, vascular 
malformation, or epidermal nevus) for mutation analysis due 
to the somatic nature of most variants.21 In patients eligible 
for testing, Keppler-Noreuil et al.22 and Kuentz et al.19 sug-
gested testing freshly obtained affected tissue samples, such 
as skin biopsy specimens or surgical specimens from debulk-
ing procedures in visually affected tissues, for the most accu-
rate results. In the absence of clearly affected tissue, biopsies 
of apparently unaffected overlying areas of involvement and 
buccal swabs adjacent to affected areas may be used, albeit 
with the possibility of lower diagnostic yield, compared to 
submission of the affected tissue.

The supporting evidence for the various treatments consid-
ered by the panel differed. mTOR inhibitors have been tested 
in at least 4 clinical trials of patients with PROS disorders 
with vascular malformations.13–16 Response rates have been 
found to be dependent on the underlying malformation and 
the phenotypic and genotypic profile. The main challenges 
of mTOR inhibitors are tolerability and the duration of the 
treatment at an optimal dosage, especially in children. Our 
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panel aligned with these findings, concluding it was appro-
priate to consider an mTOR inhibitor in severely affected 
patients and in moderately affected children (3–12 years old) 
and adolescents/adults (>12 years old) with progressive dis-
ease (regardless of whether a mutation is confirmed or not), 
but not in mildly affected patients.

On the other hand, the evidence on the use of PI3K and 
AKT inhibitors in PROS is more limited. One case series 
and 1 case study of PI3K inhibitors11,17 and 1 case series of 
AKT inhibitors12 in patients with PROS have been shown 
to reduce the size of vascular or fatty malformations, stabi-
lize renal function, reduce bleeding, and improve quality of 
life. There are also several ongoing observational studies (1 
cohort study23 and 1 retrospective medical chart review24) on 
the use of PI3K inhibitors and 2 ongoing clinical trials25,26 on 
the use of AKT inhibitors. As a result, our panel was less cer-
tain about the appropriateness of these therapies in PROS. 
The panel agreed it may be appropriate to consider treatment 
with a PI3K or AKT inhibitor in severely affected children or 
adolescents/adults with a confirmed PIK3CA variant, or in 
those without a confirmed variant but with progressive dis-
ease. It may also be appropriate to consider PI3K or AKT 
inhibitors in severely affected infants (≤2 years old) with a 
confirmed mutation and progressive disease. The group did 
not come to an agreement as to whether it was appropriate 
or inappropriate to consider treatment with a PI3K or AKT 
inhibitor in mildly or moderately affected patients.

We used a well-established method to arrive at areas of 
consensus, but our study had limitations. The quality of the 
data underlying this consensus was quite varied, and new 
developments in diagnosis or treatment could render the pan-
el’s conclusions obsolete. We recommend a similar panel be 
reconvened to address scientific advances in the field on a peri-
odic basis. Although all panelists had significant experience in 
the field and were drawn from a diversity of backgrounds and 
geographic regions, 13 people cannot represent the full expe-
rience of clinicians who work in this field. While the modified 
Delphi method does have reasonable reproducibility (in a 
similar range as some common tests),27,28 different groups of 
experts would be likely to reach different conclusions, at least 
on some issues. Evidence of this can be seen in the discussion 
about how to refer to this group of disorders. Eight panelists 
preferred the name “PIK3CA-related spectrum disorders,” 4 
preferred “PIK3CA-related overgrowth spectrum (PROS),” 
and 1 preferred “PIK3CA-related disorder spectrum.”

Conclusions

Despite limited evidence and some remaining conflicting 
opinions, our panel agreed on a severity framework for 
PROS and specific circumstances when mutation testing or 
targeted medical therapy should be considered. These recom-
mendations, representing the consensus of experts informed 
by published literature and experience, are a valuable addi-
tion to clinical guidelines for a rare and under-researched 
spectrum of diseases. Future research should validate this 
guidance using clinical data. Once validated, we hope these 
recommendations will improve outcomes for patients with 
PROS.
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