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Title: New directions in targeted therapy for genetic skin disorders: a systematic scoping review
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Rationale: 
Genodermatoses are rare diseases that affect less than 1:2000 people and result from monogenic mutations. These conditions often present with cutaneous features and are commonly associated with devastating systemic involvement [1].

The advent of molecular innovations in the 21st century enabled greater understanding of the human genome and elucidated the pathophysiology underlying many genodermatoses. These innovations are leading to a rapidly growing therapeutic armamentarium for patients with previously untreatable genetic skin diseases targeting the gene or downstream pathways that impact the phenotype. These advanced molecular technologies allow for reversal of underlying genetic defects or restoration of functional products via gene, protein, and cell therapy approaches [2]. Dermatologists should familiarize themselves with these new and emerging therapeutic options to adequately care for patients affected by genodermatoses in this era of rapidly advancing treatments and molecular interventions.

Our focus for the current review is to present a comprehensive update on new and emerging targeted treatments for genodermatoses with an emphasis on the pharmacologic and molecular mechanisms of therapeutic classes. We will discuss the indications for therapeutic interventions and new technological advancements in treatment across the spectrum of genodermatoses. 

Background:
This scoping review is meant to provide dermatologists with an overview of new and emerging targeted therapies in genodermatoses, thus improving the care of this vulnerable and medically complex patient cohort.

Objectives: This scoping review aims to understand the landscape of novel and emerging therapeutics in the treatment of genetic skin disease. We aim to identify the pharmacologic and molecular categories of emerging treatments, explore the landscape of genodermatoses that may be treated via these new treatment options, and review emerging therapeutics in clinical trials. We aim to answer the following questions:

· What new and emerging treatments are available for genodermatoses?
· What treatment options are currently under investigation?
· What gaps exist in therapeutic options for genodermatoses?

Data items:
· Emerging treatment modalities classified according to pharmacologic mechanism, including:
· Modulators of pathways
· Readthrough medications
· Recombinant protein therapy
· Cell therapy
· Gene therapy
· Genetic skin diseases amenable to targeted treatment
· Type of study 
· Treatment safety, efficacy, primary and secondary outcome measures

Methods 
[bookmark: OLE_LINK79][bookmark: OLE_LINK80]This scoping review will be conducted in accordance to the Joanna Briggs Institute (JBI) methodological framework [3]. The PRISMA-ScR checklist will be used to ensure the rigor of the review [4]. The team will work with a research librarian to develop a comprehensive search strategy to apply to various databases. A pair of independent reviewers will screen based on the eligibility criteria. Disagreements will be resolved by independent review of a third reviewer. All screening will be performed in Rayyan. Data extraction will be performed by the research team and analyzed for relevance. 

Eligibility Criteria:
Inclusion 
· Monogenic genodermatosis (MeSH “genetic skin diseases”)
· Example genetic skin diseases to be included: 
· Albinism
· Piebaldism
· Cutis Laxa
· Darier Disease
· Dyskeratosis Congenita
· Ectodermal Dysplasia
· Neurocutaneous Syndromes	Comment by Kondratuk, Katherine E.: We will pull these now with our review, but separate them on the data extraction side for a “Part 2” review of treatments for somatic mosaic neurocutaneous disorders	Comment by Kondratuk, Katherine E.: Includes mosaic NF, Legius syndrome, segmental TS, Sturge-Weber and Klippel-Trenaunay, microcephaly/megalenchephaly-capillary malformation; blue rubber bleb nevus syndrome, Wyburn-Mason syndrome, mixed vascular nevus syndrome, PHACE, IP, pigmentary mosaicism of the Ito type, neurocutaneous melanosis, cutis tricolor, speckled lentiginous syndrome, epidermal nevus syndromes, Becker’s nevus syndrome, phacomatosis pigmentovascularis and pigmentokeratotica, Proteus and ecephalocraniocutaneous lipomatosis
· Pachyonychia Congenita
· Ehlers-Danlos Syndrome
· Epidermolysis Bullosa
· Erythrokeratodermia Variabilis
· Systemic Hyalinosis
· Ichthyosis
· Incontinentia Pigmenti
· Palmoplantar Keratoderma
· Hereditary Mucosal Leukokeratosis
· Lipoid Proteinosis
· Monilethrix
· Netherton Syndrome
· Benign Familial Pemphigus
· Porokeratosis
· Porphyrias: Erythropoietic, Hepatic, Hereditary Coproporphyria, Porphyria Cutanea Tarda, Acute Intermittent Porphyria, Hepatoerythropoietic Porphyria, Variegate Protoporphyria, Erythropoietic
· Prolidase Deficiency
· Pseudoxanthoma Elasticum
· Rothmund-Thomson Syndrome
· Sjogren-Larsson Syndrome
· Trichothiodystrophy Syndromes
· Xeroderma Pigmentosum
· Must mention targeted treatments such as:
· Modulators of pathways
· Readthrough medications
· Recombinant protein therapy
· Cell therapy
· Gene therapy
· Articles will include studies that are in English
· Peer-reviewed publications
· Primary literature
· We will not exclude abstract collections or dissertations
· Published on or after January 1, 2014 to limit review to new therapies in the last decade

Exclusion
· Common genetic skin diseases >1:2000 prevalence (e.g. ichthyosis vulgaris)
· Non-primary literature (e.g. review articles)
· Non-English language
· Duplicates
· Non-peer reviewed studies
· Animal studies
· In vitro studies
· Published before January 1, 2014

Information Sources:
We will search the following databases from January 1, 2014 to present:
· Medline (Ovid)
· The Cochrane Library (Wiley)
· CINAHL Plus with Full Text (Ebsco)
· Scopus (Elsevier)
· Clinicaltrials.gov

We will search the databases listed above. Records from each database will be exported to EndNote. Duplicates will be removed using the “Find Duplicates” feature and manual review within EndNote. Unique results will be uploaded to Rayyan. Additional duplicates will be identified through Rayyan de-duplication function. An example search strategy completed on Ovid is available below.

Search Strategy
A research librarian (DN) developed a bibliographic search strategy. We identified text words and controlled vocabulary terms describing genetic skin diseases, treatment/therapies and clinical trials. We applied Boolean and proximity operators for a comprehensive, yet specific search in Embase (Elsevier). Next, we will translate and perform the search in the following databases: Medline (Ovid); The Cochrane Library (Wiley) and Scopus (Elsevier). We will review the reference lists of included studies for additional articles. Pasted below is a sample search strategy conducted in Embase (Elsevier):

Ovid MEDLINE(R) and Epub Ahead of Print, In-Process, In-Data-Review & Other Non-Indexed Citations, Daily and Versions <1946 to December 21, 2023>


1     Randomized controlled trials as Topic/    165793
2     Randomized controlled trial/  605387
3     Random allocation/      107051
4     Double blind method/    176986
5     Single blind method/    33117
6     Clinical trial/   539194
7     exp Clinical Trials as Topic/ 386670
8     or/1-7      1335246
9     (clinic$ adj trial$1).tw.     495796
10    ((singl$ or doubl$ or treb$ or tripl$) adj (blind$3 or mask$3)).tw.     201622
11    (open-label or "open label").ti,ab. 56974
12    Placebos/   35934
13    Placebo$.tw.      252097
14    Randomly allocated.tw.  37576
15    (allocated adj2 random).tw.   842
16    case report.tw.   412641
17    or/9-16     1251021
18    8 or 17     2135832
19    exp Skin Diseases, Genetic/ or ('hereditary skin disease' or 'keratodermic genodermatosis' or 'scleroatrophying genodermatosis' or 'genodermatosis' or 'genetic skin diseases' or 'genetic skin disease').ti,ab.  79261
20    exp Therapeutics/ or ('combination therapy' or 'disease therapy' or 'disease treatment' or 'diseases treatment' or 'disorder treatment' or 'disorders treatment' or 'efficacy, therapeutic' or 'illness treatment' or 'medical therapy' or 'medical treatment' or 'multiple therapy' or 'polytherapy' or 'somatotherapy' or 'therapeutic action' or 'therapeutic efficacy' or 'therapeutic trial' or 'therapeutic trials' or 'therapeutics' or 'treatment effectiveness' or 'treatment efficacy' or 'therapy').ti,ab.   6728483
21    18 and 19 and 20  3162
22    limit 21 to yr="2014 -Current"      1390


Study Records
Study citations will be managed with EndNote by the librarian and downloaded to Rayyan. Selected abstracts and full text manuscripts will be accessible by the reviewers based on the citation list established for this project.

Selection Process
Rayyan (https://www.rayyan.ai/) is the software selected to be used for the selection process. Independent reviewers will be divided into pairs to screen the titles and abstracts for the first round. Full articles will be reviewed to gather enough information if the title and abstract do not suffice when considering inclusion.  The second round for eligibility will include review of full text articles to assure the studies meet the inclusion criteria. Rayyan will determine if there is agreement between the pairs. If not, the research team will come to consensus as to inclusion. Documentation or rationale for inclusion and exclusion of specific titles, abstracts, and full texts will be performed [5,6].  A PRISMA flow diagram will be used to report final numbers in the resulting numbers in the manuscript [4]. 

[bookmark: OLE_LINK7]Data Charting Process
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]A data charting table will be developed by the research team to determine information to be extracted from each article. This includes: research characteristics such as aims, patient characteristics, research design, methodology, data analysis, and results including efficacy and safety, and grading of quality of evidence. Reviewers will independently chart the data from each eligible study. The data charting process will be implemented by using a standardized form such as Excel or Google Forms.

Data Synthesis 
Due to the nature of our exploratory review of this topic, we will organize search results according to pharmacologic category via text summary and tables.

Implications and Dissemination
This scoping review is an effort to identify new treatments for genodermatoses. We will also investigate ongoing clinical trials and emerging potential treatments in early phases of testing. This review will provide a foundation of information for clinicians and researchers seeking to advance the field of genodermatoses treatment. Results of the scoping review will be disseminated through a peer-reviewed publication.

Support
Not applicable
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