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Significance: Skin scarring is a permanent, irreversible end point of cutaneous
injury. However, not everyone will acquire the same exact scar type. Skin
scarring is generally recognized as complex with significant variability in in-
dividuals’ scar type and response to treatment. Despite these tangible differ-
ences in treatment response, to date there has been no simplified approach in
defining spectrum of skin scarring in relation to prediction and outcome post-
treatment. Thus, in this study we propose that skin scarring consists of distinct
endotypes, which is characterized by their specific pathology. Four distinct scar
endotypes can be observed: (1) Stretched (flat), (2) Contracted, (3) Atrophic
(depressed), and (4) Raised scarring, which can be abbreviated to S.C.A.R. en-
dotypes. Each of these endotypes can certainly include subphenotypes and each
phenotype can be present in more than one endotype. To define these endotypes,
we also present a structured approach in assessment of all relevant parameters
in skin scar evaluation including clinical (scar symptoms and signs) and non-
clinical parameters (device measurements of structural, mechanical, and
physiological properties of scars as well as gene and protein laboratory studies).
Recent Advances: Scars can be phenotypically characterized based on a multi-
tude of parameters assessed; however, not all scar types will share all the same
characteristics. This leads to the question of whether skin scarring is a single
disease entity with varying phenotypic characteristics or should be classed as
several disease entities that have certain similar parameters. We suggest the
latter and propose distinct scarring phenotypes arise mainly owing to genetic
and environmental susceptibilities associated with the development of each
specific scar endotype. Characteristic features of skin scarring, however, can be
objectively and quantitively evaluated and used as an aid in the theranostic
goal-directed management of scarring.

Critical Issues: The concept of identifying different endotypes is key in formu-
lating personalized treatments with improved outcomes beyond what is
achieved with current nonspecific approaches in scar management. This ap-
proach has gained interest and significant traction in several other medical
conditions including asthma, rheumatoid arthritis, and atopic dermatitis.
Future Directions: To begin identifying distinct endotypic features in skin
scarring, it is important to have a better understanding of underlying patho-
logical mechanisms leading to further insight into the heterogeneous nature of
skin scarring endotypes. This approach may lead to improved theranostic out-
comes and further understanding of the pathophysiology of the complex nature
of human skin scarring.
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SCOPE AND SIGNIFICANCE

SKIN SCARRING IS a permanent, irreversible end
point of cutaneous injury and this occurs in ~100
million people in the developed world alone per
year.1? However, not everyone will acquire the
same exact scar type. Skin scarring is generally
recognized as complex with significant variability
in individuals’ scar type and response to treatment.

Despite these tangible differences in treatment
response, to date there has been no simplified ap-
proach in defining spectrum of skin scarring in
relation to prediction and outcome post-treatment.
The concept of identifying different endotypes has
gained great interest in a number of other medical
conditions and this has led to the idea that we can
begin to identify distinct endotypes in skin scar-
ring.®> ! Thus, we propose that skin scarring con-
sists of distinct endotypes that is characterized by
their specific pathology.

TRANSLATIONAL RELEVANCE

Scars can be phenotypically characterized based
on a multitude of parameters; however, not all scar
types will share all the same characteristics. This
leads to the question of whether skin scarring is a
single disease entity with varying phenotypic
characteristics or should be classed as several dis-
ease entities that have certain similar parameters.
We suggest the latter and propose distinct scarring
phenotypes arise mainly because of genetic and
environmental susceptibilities associated with the
development of each specific scar endotype.

Characteristic features of skin scarring, how-
ever, can be objectively and quantitively evaluated
and used as an aid in the theranostic goal-directed
management of scarring.'?'® Endotype definition
would enable identification of novel therapeutic
targets and biomarkers, standardize improved scar
management approaches, and predict response to
therapies more effectively.

CLINICAL RELEVANCE

Effective therapies are lacking to manage skin
scarring and thus, treating them effectively has
remained a challenge. Defining skin scarring en-
dotypes would allow clinicians to treat these scars
using the same standardized process and from a
disease entity where they base their treatment
options on the baseline parameters identified. In
this study, we identify four distinct scar endotypes:

(1) Stretched (flat), (2) Contracted, (3) Atrophic
(depressed), and (4) Raised scarring, which can be
abbreviated to S.C.A.R. endotypes. Each of these
endotypes can certainly include subphenotypes,
which are a subset of a phenotype that is charac-
teristic of a population, and each phenotype can be
present in more than one endotype.

The term phenotype is defined as the observ-
able physical properties and in skin scarring we
have described a number of parameters categorized
by anatomical, mechanical, and physiological scar
characteristics, whereas an endotype can be defined
as a distinct functional or pathophysiological mech-
anism underlying the disease’s visible features/
phenotype. To define these endotypes, we also pres-
ent a structured approach in assessment of all rele-
vant parameters in skin scar evaluation including,
clinical (scar symptoms and signs) and nonclinical
parameters (device measurements of structural,
mechanical, and physiological properties of scars as
well as gene and protein laboratory studies).

BACKGROUND

Skin scarring is a permanent, irreversible end
point of cutaneous wound healing and this occurs
in ~100 million people in the developed world
alone per year.! Scar tissue can be more rigid than
normal skin, can be weaker and inhibit normal
skin function that can lead to problems including
restriction of movement and thermoregulation,
and so on. Furthermore, visible scars can be es-
thetically displeasing and lead to psychological
distress.'* However, not everyone will acquire the
exact same scar type.

Endogenous factors including mechanical
stretching can lead to the development of raised
skin scarring demonstrating unique phenotypic
characteristics such as the butterfly-shaped keloid
scars postmedian sternotomy.'® In certain indi-
viduals and anatomic sites, excessive fibrosis may
lead to hypertrophic scarring or keloid disease
formation.'*'® Skin scarring is generally recog-
nized as complex with significant variability in
individuals’ scar type and response to treatment.

There is a broad spectrum of scar types ranging
from normal flat fine line, which is generally con-
sidered to be the optimal scar, as opposed to stret-
ched or widespread such as stretch marks, atrophic
such as acne scarring, contracted and raised scars
including hypertrophic and keloid (Fig. 1).2 Keloids
can also become morbid keloids, for example, when
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Figure 1. Spectrum of skin scarring. This diagram demonstrates the range of scar types that occur in human skin including either raised or nonraised dermal
scarring tendencies from (i) wounding, a scar can be a (ii) fine-line normal scar, (iii) a stretched or widespread scar such as stretch marks, (iv) an atrophic scar
such as acnes scarring, (v) a contracted scar following burns, or can lead to raised dermal scarring including (vi) hypertrophic scarring or (vii) keloid scarring.

Color images are available online.

a keloid has been removed, it can recur and become
much larger and spread beyond the confines of the
original wound site (Fig. 2).2

Scars can be phenotypically characterized based
on a multitude of parameters, however, not all scar
types, share all the same characteristics (Fig. 3).
For example, a hypertrophic or keloid scar will
display greater scar thickness compared with a
flat, fine-line scar.® An imbalanced or persistent
inflammatory response is believed to contribute to
scar formation and fibrosis; however, a fine-line
scar may display greater inflammation or blood
flow compared with normal skin but a keloid scar
will have a much higher inflammatory response
compared with the fine-line scar.”

This likely leads to the question of whether skin
scarring is a single disease entity with varying
phenotypic characteristics or should be classed as
several disease entities, which have certain similar
parameters. We suggest the latter and propose
distinct scarring phenotypes arise mainly owing to

genetic and environmental susceptibilities associ-
ated with the development of each specific scar
endotype.

The term phenotype is defined as the observable
physical properties and in skin scarring we have
described a number of parameters categorized by
anatomical, mechanical, and physiological charac-
teristics and the response to different treatments.
To date, the phenotypic characterization of skin
scarring has predominantly relied on visual in-
spection and rating using established analog
scales.'®!3 One of the most commonly used scales is
the Vancouver Scar Scale (VSS), which is used to
assess the scar with four specific parameters in-
cluding pigmentation, pliability, vascularity, and
height (i.e., thickness). However, VSS has been
considered subjective and with poor sensitivity and
inter-rater reliability, and the scores are not sen-
sitive to minor changes of colors.!?

Therefore, there has been a need to develop
standardized, objective, and quantitative methods
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Figure 2. Severity of keloid disease. This diagram highlights that a keloid scar can be excised and then can either recur over time or grow back to become a

much larger, morbid keloid scar. Color images are available online.

to accurately evaluate healing and scaring, which
could become a standard tool in the evaluation of
surgical outcomes. Our group has used a number of
objective quantitative tools to objectively define
these criteria and outcomes by measuring the
change in the scar parameters from baseline (e.g.,
blood flow and pigmentation) throughout treatment
and this can direct the response to treatment while
also objectively defining normal parameters of skin
scarring. These phenotypes tend to provide clini-
cally relevant information with regard to the pre-
sentation of the scarring and treatment response.
The concept of identifying different endotypes is
key in formulating personalized treatments with
improved outcomes beyond what is achieved with
current nonspecific approaches in scar manage-
ment. This approach has gained interest and
significant traction in several other medical con-
ditions including asthma, rheumatoid arthritis
(RA), and atopic dermatitis.>!! Endotype can be
defined as a distinct functional or pathophysiolog-
ical mechanism underlying the disease’s visible
features/phenotype.'® Therefore, together with
genetic and/or environmental influences, the en-
dotype can explain the clinical presentation, epi-
demiology, and response to different treatments.
Despite these tangible differences in treatment
response in skin scarring, to date there has been no
simplified approach in defining spectrum of skin
scarring in relation to prediction and outcome post-

treatment. Thus, we propose that skin scarring con-
sists of distinct endotypes, which is characterized by
their specific pathology. To define these endotypes,
we also present a structured approach in assessment
of all relevant parameters in skin scar evaluation.

DISCUSSION

Defining scar endotypes

The concept of identifying different endotypes
has gained great interest in a number of other
medical conditions including asthma, RA, and
atopic dermatitis.®> ! Asthma is now considered an
umbrella diagnosis for several diseases with dis-
tinct mechanistic pathways (endotypes) and vari-
able clinical presentations (phenotypes).>® The
definition of these endotypes is central to asthma
management owing to inherent therapeutic and
prognostic implications.®

This is also true for RA, which is thought to
comprise multiple clinical and molecular en-
dotypes,? being defined as subtypes of a disease
with distinctive underlying pathological mecha-
nisms.'®! An RA patient’s clinical presentation, re-
sponse to treatment, and rates of disease progression
may be determined by their endotype.® Therefore,
well-characterized endotypes may provide patients
and physicians with a means for targeted treatment
against a patient’s individual molecular disease
pathogenesis. Different endotypes of atopic derma-



| 113

uay} ale painseaw ale ey} siajaweled ||y "(UOIJBWWEUI PUB ‘MOJ} POO|q ‘uoijouny JaLleq uys) siajaweled [eaibojoisAyd pue ‘(Anonsejs pue Ay

‘auljuo ajqejiene ale sabeuwi 10j07 ‘swsiydiowAjod aproasjonu a)buis ‘sdNS ‘suonetea Jaqunu Adoa ‘spANJ ‘saipnis utejoid pue auab Buipnjoul spoylsw Aioleloqe| Aq palepijea

eljd) siajaweled [eojueyoaw ‘pajussaid aie (suoisuawip pue ‘uonejuswhid

‘ABojoydiow ‘ssauyaly} Jeas) sielaweled |eajwoleue jo sajdwex3 ‘suewny ul sadAy Jeas |je Joj painsesw aq ued jeyy sialaweled |eaibojoisAyd pue ‘[eslueyossw ‘|eajwoleue ay) Bunen|eas sadlnsp sAleluBND BAISBAUILOU
Jo asn ay} Buipnjour |eajulouop ‘swoldwAs pue subis Jeas jJo Juawssasse Buipnjoul [ealUN) 'SPOYIBW |edluljauou pue [eauld Buipnjour sislaweled Jeas Jo Juawssassy ‘sadAjopua pasies pue ‘olydoie ‘pajoeliuod ‘paydlas
Buipnjoul |ewlouge Yl [BWIOUGE pUB [BLLIOU JBPUN PapIAIpgns aq ued Aay 1eyl sadAjopua Jeas jo afues ay) pue Juswssasse painloniis pasodoid e alesisuoWap 0} LBYIMOJ} i “JUBLISSASSE painjaniis pasodold “g @anbiy

SAND “SdNS suoisuaWIQ
AJo3siy [eniuey $1ISLIAIEIEYD ANSSI] :o_«u”wuc._“ﬂ._oﬂ uns H___u_““__nm. E.M_a»ﬂu””wﬁum
Sjulnauag SSAUNI|YY JeIs
r i .\
Ansiwaydoisiyountuw) ASojoisiH |eaiSojojsAyd |eajueyday |eajwojeuy
t f 1 1
|
s31pn1s Jauan _ salpms ujaloid
_ _ :
_ Alojeiogeq _ sad1nap aAlEIIUEND BAISEAUI-UON
== = ——
| 1eduppuoN

i

Aunged
anojod
Jnojuod

ang
uopeso]

|e1os
[exdojoyaisg

snunid
uled

swoydwAs

ey |

_ s. ied Je95 Jo JUsU " mr
1
[ _ ) JR B R —
| (passasdap) arydony | pepenuoy | | (3e1) payxens ] | (en)aunauy |

{ 1 _ i 1

_ sadAjopua ‘y'y*y's _

\ 1

‘ Jewouqy _ ( [ewsoN

!
|

sadAjopua Suniieds upjs



114 UD-DIN AND BAYAT

titis have also been proposed based on age, disease
chronicity, ethnicity, filaggrin and IgE status, and
underlying molecular mechanisms.®®

The nature of injury, depth, location, tensional
stress, infection, and severity can determine the
level of skin scarring observed. Mechanical tension
has been known to promote phenotypic alteration
in fibroblasts throughout wound healing and it has
been suggested that mechanical forces can influ-
ence the development of keloid scars in certain
anatomical sites, which are under high tension.
In addition, the age of the scar can have an effect on
the treatment response. For example, immature
scars, which are those that are still in the process of
maturing and remodeling, can sometimes develop
into hypertrophic scars if symptoms persist after 1
month. Therefore, a preventative strategy is re-
commended such as laser therapy.’'*

Current scar management advocates the pre-
vention of scarring as it is better to prevent forma-
tion than to rely on management once a scar has
formed. Examples of prevention techniques are the
use of certain surgical techniques such as closing
skin edges with minimal tension.'® Furthermore,
identifying patients at high risk of developing scars
is essential. First-line treatments are silicon-based
products, which are applied after epithelialization.
Intralesional corticosteroid injections are consid-
ered second-line approaches, whereas laser thera-
pies are third line.'* There are a number of different
therapies that have been suggested for the man-
agement of different types of skin scarring; however,
the heterogeneity of skin scarring advocates against
the therapeutic approaches still currently used,
which can often be one standard approach.

More importantly, genetic predisposition has
been demonstrated to affect the level and quality of
scar tissue formation in the wound. We propose
that distinct scarring phenotypes arise mainly be-
cause of genetic and environmental susceptibilities
associated with the development of each specific
scar endotype. Each of these endotypes can cer-
tainly include subphenotypes and each phenotype
can be present in more than one endotype.

To define these endotypes, we also present a
structured approach in assessment of all relevant
parameters in skin scar evaluation including,
clinical (scar symptoms and signs) and nonclinical
parameters (device measurements of structural,
mechanical, and physiological properties of scars
as well as gene and protein laboratory studies).
There have been a number of clinical human
studies that have identified skin scar phenotypes,
which include their visible features and behavior of
the scars.!*1719 Characteristic features of skin

scarring can be objectively and quantitatively
evaluated and used as an aid in the theranostic
goal-directed management of scarring.

We have applied a number of noninvasive ob-
jective assessment modalities to monitor the pro-
gression of healing based on a number of specific
parameters.?°~2* These measurements can be ap-
plied to any of the scar endotypes. The scar phe-
notypes outlined above are predominantly based
on visual assessment including, scar color, thick-
ness, pliability, and volume. Our group work has
been focused on objectively defining a number of
these criteria and outcomes.?*®> We have used
various technologies, which provide an objective
assessment including the evaluation of the struc-
tural and physical parameters of a wound or scar.

It is useful to consider the anatomical, mechanical,
and physiological characteristics of wound healing.?°
Anatomical parameters include skin thickness, pig-
mentation, wound dimensions, texture, and tissue
morphology; mechanical parameters include elastic-
ity and pliability of the skin; and physiological char-
acteristics include blood flow, skin barrier function,
and sebaceous glands. These devices enabled the
objective and reproducible evaluation of these pa-
rameters before, during, and after the treatment.?°

The color of the skin is an important component
that is largely determined by the distribution of
blood vessels and pigmentation.®* We used device
analysis of skin color using spectrophotometric in-
tracutaneous analysis (SIAscopy) and a color probe
in a number of studies.?’ 3 This enabled us to gen-
erate baseline values of scar pigmentation. In addi-
tion, the devices that measure the blood flow in the
scar microcirculation were used such as full-field
laser perfusion imaging and dynamic optical coher-
ence tomography producing images and quantita-
tive data.?>?® These devices were utilized in our
randomized human clinical trials and provided es-
sential information over the course of healing, and
all devices and parameters measured can be used to
assess any of the scar endotypes identified.2>2

Objective noninvasive measuring devices, such
as the ones discussed in this study, are essential in
both clinical practice and research, especially when
monitoring the response to different therapies. The
use of these technologies could be useful in future
as a standard for investigation and could aid as a
marker for healing. Challenges regarding these tools
are that there is no single device that can measure all
the scar parameters simultaneously; therefore, it is
vital to choose the correct device. Furthermore, some
instruments have not yet been evaluated in all
wound or scar types; therefore, it would be useful to
investigate this further in all devices.
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A number of other parameters were not included
for identification of scar endotypes. For example,
comorbidities were considered unsuitable because
of the fact they can interact with different patho-
physiological processes and could alter the pheno-
type but not the endotype. Patient compliance was
also not used as this can influence the way the scar
heals owing to smoking, adherence to treatments,
or the severity of the scarring and can prove diffi-
cult to link with a specific endotype.

Description of scar endotypes

Four distinct scar endotypes can be observed
based on their genetic and environmental influ-
ences: (1) Stretched (flat), (2) Contracted, (3)
Atrophic (depressed), and (4) Raised scarring, which
can be abbreviated to S.C.A.R. endotypes. Here, we
suggest that the identification of these endotypes
may lead to improved therapeutic outcomes and
further understanding of the pathophysiology of the
complex nature of human skin scarring.

Stretched (flat) scar endotype

The stretched (flat) scar endotype is considered
closest to the normal fine-line scar type and often the
least symptomatic endotype. When the skin heals, a
scar will flatten and change color and in time, many
flat scars become similar in color and pigmentation to
that of the surrounding skin, although some may
remain slightly paler or darker.! Normal fine-line
scars tend to be paler in color, remain flush with the
skin surface, and are symptomless, whereas stret-
ched scars are also flat, pale, pliable, and symptom-
less, but by definition are widespread and can be
cosmetically regarded as unacceptable.>?® With re-
gard to response to treatment, flat scar endotypes
tend to respond well to surgical treatment if required;
exception are those not in parallel to Langer’s lines.3°

Environmental factors influencing the formation
of stretched scars include tension or stretch to the
wound site or improper (loose) suturing and in situ
foreign body while the wound is healing.'® The ge-
netic aspect of acquiring a flat or stretched scar
endotype is unknown but there seems to be no ge-
netic susceptibility. Although they are not the same
as a stretched scar, striae distensae are an example
of a stretched flat nontraumatic scar. They tend to
lose their tensile strength rather than being a new
scar that stretches. Nevertheless, striae have been
shown to occur in people with dark skin, more spe-
cifically, resulting in striae nigrae and striae caer-
ulea, owing to increased melanization.!” Despite
striae being very common in Caucasian people,
striae severity has been noted to be more severe in
darker skinned women compared with Caucasian
people within the same geographic region.>®

Contracted scar endotype

Contracture scars are most common after burn
injuries and can be difficult to resolve with high
incidence of recurrence after surgical treatment.!®
Contracted scars tend to disrupt function and
movement if located adjacent to a joint surface and
develop a shortening in the skin and they can be-
come hypertrophic and dysfunctional.'?:37

These scars can be exacerbated or influenced by
environmental factors such as infection, slow
wound closure, depth of wound site, or size of
wound.?® Contracted scars can be included in the
raised scar endotype category; however, this scar
type requires a different type of management.
Many first-line treatments, including silicon gel
therapy, do not tend to be effective in improving
this endotype, with the most common therapy
advocated as surgical release.?” There may be a
genetic influence to the formation of this abnor-
mal type of scarring including sex and age but no
specific gene or group of genes has yet been
identified to cause contractile scarring.>®

Atrophic (depressed) scar endotype

Atrophic or depressed scar endotypes can be de-
scribed as asymptomatic, depressed below the sur-
face of the surrounding skin, and are classified
according to depth and size.'® They tend to be pliable
and soft and histopathologically show a destruction
of collagen in the dermis. Atrophy and fibrous tissue
formation following improvement of acne is the eti-
ology of depression in acne scars.*’ Their genetic
susceptibility is unknown but they respond well to
treatments, although reports of changes in skin
texture and color have been reported specifically
with acne treatments including chemical peels,
surgical subcision, and laser therapies.

Raised scar endotype

The raised scar endotype are defined as scars
that are raised above the surface of the surround-
ing skin and include hypertrophic and keloid scars.
This endotype is often considered on the most se-
vere end of the spectrum of skin scarring. The
histologic composition of these scars can vary de-
pending on the age, sex, and race of the individual,
as well as the duration, location, and mechanism of
injury.*! For example, keloid scars can result from
a variety of causes involving deep dermal injury,
with the most common being ear piercings, post-
elective surgery, acne, trauma, or burns.*! En-
vironmental factors can influence the raised scar
endotype. Furthermore, increasing tension placed
upon the lesion in anatomically high-risk sites and
orientations, and the presence of infection and
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foreign bodies, may augment the risk of keloid
disease formation.*>** The raised scar endotype
can be further subdivided into hypertrophic and
keloid scarring endotypes.

Hypertrophic  scar endotype. Hypertrophic
scars remain within the boundaries of the original
wound, are raised, hyperpigmented, regress spon-
taneously, and can be pruritic and painful.** These
scars tend to arise in locations such as joints.'
Histologically they show prolonged inflammation,
increased collagen, and show a swirling nodular
pattern of collagen fibers. They also display exces-
sive extracellular matrix accumulation.”? Geneti-
cally, there has been tendency to show more
prevalence in darker skinned individuals but there
has been no strong link identified.*® With regard to
treatment response, they do not always respond
well but they tend to regress and flatten over time.
Treatments for hypertrophic scar endotype can
include silicon sheeting, surgical excision, pressure
therapy, steroids, or laser therapy,'**® which can
be similar to keloid scar endotype treatment but
they tend to respond better to these therapies.

Keloid scar endotype. Keloid scars that are also
raised, painful, pruritic, and hyperpigmented but
spread beyond the margins of the original injury
site, invade the surrounding tissue, do not regress
spontaneously, continue to grow over time, and can
recur following treatment.'® Keloid scars tend to
arise in locations that have high tension such as the
sternum and display reduced pliability, feel more
rigid, firm, and have less elasticity compared with
surrounding skin.'**¢ Histologically, they display
a swirling nodular pattern of collagen fibers with
increased collagen and fibronectin.? They show
aggressive, invasive, expansile behavior with pro-
longed inflammation and excessive extracellular
matrix accumulation.'**”

Genetic factors that influence the keloid scar
endotype include the influence of ethnicity and age.
Keloid scars are considered to be an important
clinical problem in certain ethnic populations, as
there is a higher prevalence in individuals with
pigmented skin.***3 Keloids, in particular, are re-
ported to be especially high in individuals of Afri-
can, Asian, and Hispanic descent.*? With regard to
treatment, certain laser therapies are not advo-
cated in darker skin types.*® Bayat et al. studied
the keloid in Afro-Caribbean patients and found
that young female patients and those with a posi-
tive family history of keloid were associated with
the development of keloid in multiple anatomic
sites.** Therefore, this is relevant in predicting

keloid response to treatment and prognosis and in
identifying those at higher risk of disease recur-
rence. In addition, keloids can develop at any age
but tend to be most prevalent in individuals be-
tween 10 and 30 years of age.** Thus, it is crucial to
define this endotype to tailor adequate treatments.
Treatments such as electrical stimulation and
photodynamic therapy have shown promise in the
treatment of keloid scar endotypes, whereas these
treatments are not used for other endotypes in-
cluding atrophic or contracted.?®46

Proposed structured assessment of scar
endotypes

Our research has focused on objectively defin-
ing scar criteria and outcomes. We have been able
to measure the baseline values for a number of
specific parameters including blood flow, pig-
mentation, collagen, elastin/pliability, and scar
thickness. These measurements have also been
used throughout trials for monitoring response to
treatment, which enabled us to measure response
at the same time as objectively defining normal
parameters of healing. We have conducted a
number of randomized placebo-controlled trials
assessing the efficacy of a topical formulation in
the treatment of flat skin scars.?®3° These studies
have enabled the use of a range of noninvasive
objective modalities to guide laboratory work to
assess if these topicals had a positive effect on
baseline scar characteristics over time.

Based on our research and clinical experience we
offer a proposed structured assessment of all rele-
vant parameters in skin scar evaluation (Fig. 4).
Assessment should include a detailed scar history,
full medical history, a psychosocial assessment,
and any family history of previous scarring (de-
termine family scar endotypes). In addition, a
through clinical assessment of the scars them-
selves should be performed, including signs and
symptoms including; location, size, contour, color,
pliability, pain, and pruritus (always useful to
make a record of vaccination scar type and body
piercing/tattooing outcome). Subsequently, addi-
tional assessments if possible should include the use
of noninvasive quantitative device measurements
including that can objectively measure anatomical,
mechanical, and physiological parameters of skin
scarring. Following these baseline guidance mea-
surements, laboratory assessments can be useful
when indicated, particularly relevant in keloid scar
endotypes. These laboratory measurements in-
clude gene (PCR, sequencing, genetic links, and
familial studies) and protein (histology and im-
munohistochemical analysis) studies.
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Figure 4. Scar endotype characteristics. A diagram outlining examples of each scar endotype including the clinical characteristics of each, histopathology,
genetic components, and treatment response. Histological image references: (1) Tan et al,*® (2) Ud-Din et al,* (3) Lee et al,% (4) Kaminaka et al,®" and (5) Hu

et al% Color images are available online.

SUMMARY

In this article, we have proposed criteria for de-
fining scar endotypes and from this we suggest four
distinct scar endotypes (Stretched (flat), Con-
tracted, Atrophic (depressed), and Raised), each
with specific clinical features and response to
treatment. The heterogeneity of skin scarring ad-
vocates against the therapeutic approaches still
currently used, which can often be one standard
approach. Precision medicine approaches, which
aim for targeted, tailored, endotype prevention and
treatment, rely on detailed definitions of the scar
variability across the different phenotypes.

The use of these scar endotypes in research could
identify groups of patients who may benefit from
specific treatments and lead to scar payment coding,
as if someone is allocated to the incorrect treatment
for their scar endotype, this would be a waste of time
and resources. An attempt to define the patient’s
endotype before treatment should be made to opti-
mize therapeutic responses based on the different
clinical and molecular subsets. Understanding the
different endotypes would require a number of ap-
proaches including further immunophenotyping
and genomics. Studies should include a large num-
ber of subjects with similar phenotypic character-
istics for each endotype. It will be important to
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ensure that mechanism identified is un-
ique for one specific endotype and not for
all endotypes. Further clinical studies are
necessary to test the robustness of these
endotype definitions.
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TAKE-HOME MESSAGES

e Skin scarring should be recognized as not a simple entity but complex
with significant variability and heterogeneity in individuals” scar type and
individualized response to treatment. Despite these tangible differences
in treatment response, to date there has been no clear structured ap-
proach in defining the spectrum of skin scarring in relation to clinical
behavior, and prediction of outcome post-treatment.

e Distinct scarring phenotypes arise mainly owing to genetic and envi-
ronmental susceptibilities associated with the development of each
specific scar endotype. Characteristic features of skin scarring, however,
can be objectively and quantitatively evaluated and used as an aid in the
theranostic goal-directed management of skin scarring.

e \We propose that skin scarring consists of distinct endotypes, which is
characterized by their specific etiopathologenesis, clinical behavior, and
response to therapy. Four distinct scar endotypes can be observed: (1)
Stretched (flat), (2) Contracted, (3) Atrophic (depressed), and (4) Raised
dermal scarring, which can be abbreviated to S.C.A.R. endotypes.

e Each endotype can include subphenotypes and each phenotype can be
present in more than one endotype. For instance, raised scarring can be
subdivided into hypertrophic and keloid. A structured approach in as-
sessment of all relevant parameters in skin scar evaluation has been
presented including: clinical (scar symptoms, and signs) and nonclinical
parameters (device measurements of structural, mechanical and physi-
ological properties of scars as well as gene and protein laboratory
studies).

e Endotype definition may enable identification of novel therapeutic targets
and biomarkers, standardize improved scar management approaches, and
predict response to therapies mare effectively.

e The development of more standardized, objective, and quantitative
methods to accurately evaluate healing and scarring phenotypes are
becoming more established and shown to aid in the evaluation of sur-
gical outcomes validated by gene and protein studies.

e Precision medicine approaches, which target tailored, endotype pre-
vention and treatment, rely on detailed definitions of the skin scar en-
dotype heterogeneity across the different phenotypes. Thus, an attempt
at the outset to define the patient’s endotype before treatment should be
made ideally to optimize therapeutic responses based on the above
concept.
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