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Abstract

No consensus guidelines exist on the use of optical coherence tomography (OCT) for diagnosis of cutaneous melanoma. The
objectives of this review are to provide a descriptive review of the literature on characteristics of cutaneous melanomas seen on
high-definition OCT (HD-OCT), speckle variance OCT (SV-OCT), and conventional OCT and to compare their diagnostic
ability with that of histopathology. A review of PubMed and Google Scholar identified all available literature on OCT in
melanoma skin cancer that included all in vivo and ex vivo studies on human or human tissues and excluded all studies on
non-human subjects or animal studies. Two hundred nine abstracts were considered for evaluation, 31 abstracts were selected for
manuscript review, and 14 abstracts were included that met all criteria. Diagnoses of MIS and MM using HD-OCT and SV-OCT
were consistently reported to correlate with histopathology. However, accuracy of diagnosis using conventional OCT varied.
Most authors agreed that it was difficult to differentiate MM from benign nevi using conventional OCT. HD-OCT, SV-OCT, and
conventional OCT show promise for visualizing cutancous melanoma. The use of OCT in diagnosis of melanoma is rarely
reported in the literature. There is a need to increase and standardize reporting of OCT for diagnosis of cutaneous melanoma.
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Introduction

The Centers for Disease Control and Prevention (CDC) esti-
mated the melanoma incidence rate at 19.7 per 100,000 indi-
viduals living in the USA and projects an increase in incidence
for white males and females through 2019 [1]. According to
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the Surveillance, Epidemiology, and End Results (SEER) pro-
gram, new melanoma cases have risen 1.5% each year over
the past 10 years and are estimated to comprise 5.4% of all
new cancer cases in the USA in 2018 [2].

To date, biopsy and subsequent histologic examination by
either whole slide imaging or traditional microscopy have
been the gold standard for definitive diagnosis of melanoma
[3]. However, biopsy has potential complications such as hy-
persensitivity to anesthetic, bleeding, scarring, and infection
secondary to the invasive procedure [4]. To date, noninvasive
imaging techniques have been developed to improve the di-
agnostic accuracy and sensitivity for skin tumors. In vivo as-
sessment of skin offered through noninvasive imaging allows
for a view of skin devoid of iatrogenic trauma, which results
from biopsy of the skin [5]. These advanced methods include
confocal scanning laser microscopy (CSLM), ultrasonogra-
phy, and optical coherence tomography (OCT), among several
others.

OCT in particular provides a promising future for the de-
tection of melanoma skin cancers. OCT was developed in the
late 1980s and was originally used in the field of ophthalmol-
ogy [6, 7]. OCT is a laser-based imaging modality that is
centered on Michelson interferometry and uses infrared light
[8] to derive cross-sectional two-dimensional and three-
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dimensional images of backscattered light from tissue [9].
Light from an optical source is coupled into optical fibers
and then divided in two directions [10]. One direction is to-
ward the tissue sample and the other to a reference mirror [8].
Photons from the skin, which are “backscattered,” recombine
with the reference signal [10]. When the lengths of the two
paths are matched at the coherence length, an interference
signal is formed [8]. Today, OCT shows promise in identifying
a variety of diseases. Studies have shown that OCT has im-
proved diagnostic efficacy in cervical neoplasia [11], gastro-
intestinal disease [12], and oral malignancies [13, 14].

Noninvasive modalities may yield earlier detection of mel-
anomas, which may in turn improve survival in melanoma
patients. Throughout this article, the role of OCT in the diag-
nosis of melanoma is further explored. Specific characteristics
of melanoma observed via three OCT imaging systems, high-
definition optical coherence tomography (HD-OCT), speckle
variance optical coherence tomography (SV-OCT), and con-
ventional optical coherence tomography (conventional OCT),
are assessed based on published reports. The aim of this de-
scriptive literature review is to compile the existing data to
describe characteristics of melanoma seen on OCT based on
the current literature.

Methods

A priori inclusion and exclusion criteria were established to
select studies evaluating OCT in melanoma skin cancer. To the
best of our knowledge, all in vivo and ex vivo studies on
human or human tissues in the English language were includ-
ed in this descriptive review. Studies were excluded if the
patient population did not consist of human subjects, if there
was no melanoma of the skin, and if the study is not in the
English language. A literature search was conducted using
PubMed and Google Scholar (Table 1). All search results from
database inception to October 2017 were considered for inclu-
sion. Two reviewers (ARE and JMB) independently reviewed
all studies for inclusion and exclusion criteria. In the case of
disagreement, the two reviewers compared their findings and
reached a consensus on classification. After duplicates were
removed, 209 abstracts were considered for inclusion, 31

abstracts were selected for manuscript review, and 14 met all
criteria and were included (Fig. 1). Among these 14 studies
examined [15-28], we collected data regarding inclusion
criteria, study design, number of melanomas, melanoma type,
OCT device details, sensitivity, specificity, diagnostic results,
features visualized through OCT, and performance compared
to other diagnostic devices if available.

Results

Conventional OCT, HD-OCT, and SV-OCT systems were
used by different researchers in the diagnosis of cutaneous
melanoma. Many of these studies compared OCT to other
diagnostic methods such as reflectance confocal microscopy,
dermoscopy, and biopsy with subsequent histopathological
assessment (gold standard). The results of the 14 studies can
be found in Table 2.

High-definition OCT: observations and comparison
to histopathology

Studies that examined the use of HD-OCT [15, 16, 19, 20, 26]
reported similar observations using the cross-sectional and en
face modes of the device for visualizing melanoma. Features
of melanoma seen on HD-OCT included atypical melanocytes
in the upper part of the acanthotic dermis, roundish pagetoid
cells, epidermal disarray, loss of maturation progression with
depth, and distorted rete ridges. Together, 67 melanomas were
visualized using HD-OCT, however 20 of which may have
been accounted for twice due to consecutive reports by
Gambichler et al., leaving 47 unique melanomas. Multiple
studies reported a statistically significant correlation between
HD-OCT measurements and histopathology. Boone reported
that there was a statistically significant correlation between the
HD-OCT measurements and histopathology for the 15 super-
ficial spreading melanomas (SSMs) assessed. Two consecu-
tive reports by Gambichler et al. of 20 and 27 malignant mel-
anomas (MMs), respectively, showed that HD-OCT measure-
ments correlated to histopathology with a sensitivity of 74.1%
(53.7-88.8%) and specificity of 92.4% (83.2-97.5%).

Table 1 Literature search

strategy Database Search entry Results
PubMed “Melanoma” [Mesh] AND ((“Tomography, Optical 209
Coherence” [Mesh] OR “optical coherence tomography”
[All Fields]) OR “oct” [Title/Abstract]) AND (“humans”
[MeSH Terms] AND English [lang])
Google Scholar “Melanoma” AND ((“Tomography, Optical Coherence” OR 209

“optical coherence tomography” [All Fields]) OR “oct”)
AND (“humans” AND English)
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Fig. 1 PRISMA flow diagram
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Speckle variance OCT: observations and comparison
to histopathology

Three studies reported the use of SV-OCT [17, 23, 25] for
melanoma. All three studies assessed melanoma in situ
(MIS) lesions and described observations of the lesions on
SV-OCT as irregularly distributed vessels organized in larger
columns [17, 23], and shadows that significantly correlated
with MIS [25]. However, Moraes et al. were the only study
that assessed MM using SV-OCT, and reported that shadows
in addition to loss of bright collagen correlated significantly
with MM [25]. All three studies reported that SV-OCT find-
ings significantly correlated to histopathology.

Conventional OCT: observations and comparison
to histopathology

The results of studies that assessed the use of conventional
OCT [21, 22, 24, 27-29] varied. Most authors agreed that
melanomas showed more architectural disarray, less defini-
tion, and absence of lower border of lesions compared to be-
nign nevi [21, 22, 27-29], while others stated that the differ-
ence was difficult to visualize in lesions greater than 0.5 mm
[24] and an inability to differentiate MM from benign nevi

Records identified through
database searching
(n=418)

l

Records after duplicates removed
(n=209)

A 4

Records excluded
(n=178)

Records screened
(n=209)

A 4

A 4

Full-text articles excluded,
with reasons
(h=17)

Full-text articles assessed
for eligibility
(h=31)

\ 4

A 4

Studies included in
qualitative synthesis
(n=14)

A 4

Studies included in
quantitative synthesis
(meta-analysis)
(n=14)

[18]. Compared to histopathology diagnostic results, some
authors found that conventional OCT findings correlated to
histopathology [22, 27, 29], while others did not [18, 21, 24].
It should be noted that studies that showed a significant cor-
relation between conventional OCT and melanoma diagnosis
were smaller cohorts with less than 10 melanomas per study
while the reports of no such correlation between conventional
OCT and ability to diagnose melanoma were mainly larger
cohorts that consisted of 40 [21] and 67 [24] melanomas.
Gambichler et al. [21] noted that 20% of MM cases did not
show evidence for malignancy in OCT images and Meyer
et al. [24] reported a Spearman correlation coefficient of =
0.2 between histopathology and conventional OCT
measurements.

Discussion

This descriptive review compiles and shares available data on
the role of OCT in diagnosis of cutaneous melanoma.
Noninvasive modalities may yield earlier detection of mela-
nomas, which may in turn improve survival in melanoma
patients [30, 31].
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OCT technology as a diagnostic tool for melanoma

OCT allows assessment of real-time skin architecture at a
depth of approximately 0.5—1.5 mm [32]. The resolution of-
fered by OCT is originally noted as 3—15 pum [33]; however,
more recent variations of OCT such as HD-OCT have
achieved resolution as low as 1-3 um [32]. OCT resolution
does not allow for observation of single-cell morphology;
however, lesion architecture can be assessed [34]. Although
certain factors such as the inability to visualize the basement
membrane zone and cellular features [35] have been seen as
setbacks in using OCT to identify early melanoma, the ad-
vancement of technology has identified various methods of
distinguishing melanomas from other nevi through OCT. For
example, OCT displays certain characteristics of melanomas
such as clear architectural disarray and an indistinct dermo-
epidermal junction [33].

Although OCT may have lower sensitivity for detecting
early melanomas, some authors have reported OCT to have
the highest overall sensitivity for detecting melanoma com-
pared to other techniques such as reflectance confocal micros-
copy, ultrasonography, and multispectral imaging [32].
Additionally, OCT yields a higher resolution and contrast
[36] than ultrasound as well as a greater detection depth than
CSLM [37]. The mechanism of OCT is comparable to that of
ultrasonography; however, instead of sound waves, OCT uses
light waves [38].

Conventional OCT is known to have limited ability in
studying the skin from a cellular perspective. Recently, many
new variations of OCT have been developed to visualize more
specific aspects of the skin, which may be beneficial in differ-
entiating malignant melanoma from benign nevi.

HD-OCT has been speculated to enhance OCT’s diagnos-
tic accuracy of malignant melanoma [9]. This may be due to
the increased lateral resolution of high-definition of OCT,
which is 1 to 3 um, compared to conventional OCT, which
has a lateral resolution of 10 to 15 um [20]. Although HD-
OCT can differentiate between the architecture and cytology
of pigmented skin lesions and cells in the epidermis and upper
dermis [20], it is unknown if its resolution is sufficient to
discriminate between early melanomas and atypical or dys-
plastic nevi [32].

SV-OCT is a variation of OCT which identifies the micro-
vasculature of the skin [8]. SV-OCT may be useful to differ-
entiate the vasculature in benign nevi and malignant melano-
ma [39], primarily due to its ability to visualize the neovascu-
larization that occurs during tumor growth [32].

OCT findings in malignant melanoma
Malignant melanoma bears many evident unique features in

comparison to benign nevi, which can be noted through OCT.
In a pilot study by Boone et al., melanocytic lesions of 26
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patients were imaged with HD-OCT, reflectance confocal mi-
croscopy (RCM), and dermoscopy prior to excision, and re-
sults showed a strong correspondence between HD-OCT im-
age and histopathologic features [16].

Malignant melanomas display a more chaotic architectural
organization in comparison to benign nevi [34], chiefly due to
their large melanocytes with a prolific cytoplasm [32].
Atypical melanocyte expression initially begins in the
acanthotic epidermis as the melanoma gains the ability to ex-
pand closer to the dermo-epidermal junction [4]. Additionally,
these melanocytes display a stromal reaction, which consists
of plump bright cells, small bright cells, and the presence of
fibrosis [16]. The plump bright cells represent a lymphocytic
infiltrate as they parallel melanophages and small bright cells
[16].

The vertical location of the atypical melanocytes results in
different histological landmarks and cytological features. In a
malignant melanoma, which is merely superficially spreading,
atypical melanocytes are found prominently in the upper part
of the epidermis [16]. Pagetoid spreading becomes evident
once these haphazard melanocytes begin to proliferate within
the stratum spinosum [35]. These large and round pagetoid
cells are strongly reflecting and suggestive of malignant mel-
anoma [ 15]. Furthermore, pagetoid cells are known to occur in
areas where epidermal disarray is observed [16]. Once these
atypical melanocytes permeate the dermis, they form compact
infiltrates which result in malignant melanoma’s hallmark ap-
pearance of vertical icicle-shaped structures [8].

Another structural consequence of these atypical melano-
cytes is that they have the tendency to form junctional sheets,
or irregular junctional aggregates that disfigure the rete ridges
and lead to both junctional nests [16] and dermal nests [§]. As
a result, the rete ridges in malignant melanoma take on a
broadened shape [32] in contrast to the rete ridges of benign
nevi, which are characterized by finger-shaped and elongated
rete ridges [8]. The dermo-epidermal junction of benign nevi
is generally defined and clearly delineated [8], whereas the
dermo-epidermal junction of malignant melanoma is marked-
ly less defined due to infiltrative nature of the tumor growth
[11] and irregularity of rete ridges [33].

Alterations in vessel morphology of malignant melanomas
are also a common finding and increase as the melanoma
becomes more invasive [36]. Specifically, vascular patterns
can be studied via SV-OCT in both en face and transversal
sections [32]. Changes in tissue reflectivity, which result as
blood cells pass through the infrared scanning beam of the SV-
OCT, are identified by software analysis, allowing the imag-
ing of the skin’s microangiography [17]. The transversal sec-
tions imaged with SV-OCT of malignant melanoma revealed
irregular organization of vessels whereas the en face sections
display multiple densely organized dots increasing in irregu-
larity with depth [17]. In contrast, these dots display a regular
pattern in benign nevi, indicating more consistent architecture
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[17]. As melanomas gain the ability to invade deeper layers of
the skin, these dots tend to arrange themselves in a linear
fashion with a branching pattern [36]. Tremendously convo-
luted vascular patterns, and even the formation of vessel an-
eurysms, are noted particularly in deeply invasive melanomas
[36].

Note that the currently available studies assessing OCT for
diagnosis of melanoma used different variables to evaluate
OCT’s imaging potential. Factors such as sensitivity, specific-
ity, and strength of correlation were selectively and inconsis-
tently reported by the studies—thereby precluding potential
meta-analyses. Although this paper represents hitherto the
most comprehensive compilation of data, it must be
interpreted with caution, as the small number of studies and
lack of structured reporting introduce potential for bias.

Conclusion

This study compiles the most comprehensive available data on
the use of OCT in the diagnosis of cutaneous melanoma.
Results from HD-OCT and SV-OCT, in particular, correlate
with those from histopathological cancer cell identification in
a statistically significant manner. HD-OCT offers a high lateral
resolution which can aid in the identification of architectural
features useful in distinguishing MM from benign nevi. SV-
OCT focuses on microvasculature and may be particularly
useful in visualizing tumor-associated neovascularization.

OCT yields the high resolution and contrast which allows
for greater detection depth versus CSLM. However, OCT has
been reported to have lower sensitivity in detecting early mel-
anomas. OCT shows promise as a relatively quick and nonin-
vasive method for the diagnosis of melanoma. However, the
current data is limited and more consistent reporting is neces-
sary to develop a definitive conclusion on its efficacy.
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