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 Use of noninvasive imaging in the management
of skin cancer

Roberta Giuffridaa, Claudio Confortib, Nicola Di Meob,
Teresa Deinleinc, Stefania Guidad, and Iris Zalaudekb

Purpose of review

To evaluate noninvasive imaging techniques in the management of skin cancers.

Recent findings

In the last decades, a wide range of noninvasive imaging methods has been developed in the field of
dermatooncology with the aim to detect and assess the several structural and molecular changes that
characterize skin cancer development and progression.

Summary

In this review, we discuss the current and emerging applications of noninvasive imaging approaches in
skin cancer management, such as digital photography, dermoscopy, ultrasound sonography, reflectance
confocal microscopy, optical coherence tomography, electrical impedance techniques, Raman
spectroscopy, multispectral imaging, fluorescence imaging, and multispectral optoacustic tomography.
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INTRODUCTION

The use of imaging techniques has revolutionized
the way in which the physicians take care of the
patients. In the last decades, a wide variety of non-
invasive imaging methods has been involved in
diagnosis and monitoring of treatment response
for many dermatologic diseases. Among them, total
body photography and dermoscopy improved the
ability of clinicians to detect, diagnose, and manage
skin conditions beyond unaided visual inspection
[1

&&

], becoming the most used techniques for detect-
ing and monitoring atypical skin lesions and for the
early detection of melanoma and nonmelanoma
skin cancer.

The present paper reviews the literature on the
currently available cutaneous imaging devices and
emergent technologies in the field of noninvasive
management of skin cancer.

DIGITAL PHOTOGRAPHY

Dermatology is a very visually based specialty, which
can be aided by clinical imaging, useful for documen-
tation of lesions, follow-up, and response to treat-
ment. Total body photography (TBP), also known as
‘whole body photography’ or ‘total body mapping’, is
a type of digital photography that has become an

essential tool for the early detection and monitoring
of skin cancers [2]. Indeed, it allows acquiring and
recording patients’ entire skin surface at a static time,
with standardized images. Newer commercial sys-
tems, through a camera mounted in standard posi-
tion, allow taking pictures with similar positioning
and lighting [3]. In classical TBP, a photographer
(physician, nurse or professional photographer) takes
a series of 24 (range 4–50) segmental baseline photos
of the patients in various positions with a handheld
camera. Photos may be stored electronically and used
for side-by-side comparisons at follow-up, or may be
analyzed by software make computer-assisted diag-
noses of skin cancer [4].
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Especially in high-risk patients with numerous
melanocytic lesions, this monitoring approach
allows to detect new developing lesions or grossly
change in size, shape, or color of individual lesions,
that then could be recommended for surgical biopsy.
Moreover, several digital photo cameras can capture
clinical and dermoscopic images in tandem, allowing
recording and reassessing them over the time.

Most of current commercially available TBP sys-
tems make 2-dimensional (2D) photography and
the manipulation of a 3D surface, such as the human
skin, into a 2D image could be a limitation of the
technique. Recently, 3D imaging devices have been
developed and promise to be more accurate and
time-saving than 2D-based systems, increasing
patient’s comprehension of the images [5].

Finally, digital photography in dermatology
forms the basis of Teledermatology, a tool that involves
the use of telecommunications to send or forward

digital images linked with medical information to a
dermatologist for remote evaluation [5,6]. This
approach, although is less accurate than in-person
physical exam, improved access of care to under-
served patients, making diagnosis and screening of
skin cancer possible in places where it would not be
otherwise. Its use was enhanced by the increasing
diffusion of smartphones, which allows for easier
transmission of patient information between pro-
viders [5,6].

DERMOSCOPY

In the 1990s, dermoscopy (also known as ‘dermato-
scopy’ or ‘epiluminescence microscopy’) [7

&

] was
added as a noninvasive tool to the physical examina-
tion, and further improved the diagnostic accuracy of
clinicians, particularly for which concerns to diag-
nose skin cancers, showing a sensitivity and specific-
ity in the detection of melanoma significantly higher
than the naked-eye examination (Fig. 1) [1

&&

,8,9]. It is
a fast, inexpensive, and essentially free of complica-
tions technique, allowing a rapid and magnified
(10�) in-vivo observation of the skin surface, with
the visualization of morphologic structures in the
epidermis and papillary dermis, correlated with spe-
cific histopathologic features [10]. Videodermato-
scopy is performed with a video camera fitted to a
headpiece equipped with optic fibers and lenses,
providing higher magnification (10� to 1000�)
and allowing visualization of the image on the com-
puter screen and video recording.

Sequential digital dermatoscopic imaging (SDDI)
is a monitoring approach that records and assesses
successive dermoscopic images of melanocytic and

KEY POINTS

� Skin cancer is one of the most common types of
cancer worldwide.

� A wide variety of noninvasive imaging methods has
been involved in diagnosis of skin cancers.

� Total-body photography and sequential digital
dermoscopy assist in early melanoma detection in high-
risk individuals.

� Noninvasive imaging techniques have become
indispensable not only for diagnosis but also for
adequate management of patients.

FIGURE 1. Clinical (a) and dermoscopic (b) picture of a lentigo maligna on the right chest detected by digital dermoscopy.
Clinically, an irregularly demarcated lesion of about 1 cm in diameter, with different shades of brown, is observable. In
dermoscopy, multiple brownish dots of different size, spread over the entire lesion, and an irregular reticular network on a
light-brown to dark-brown background are visible.
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nonmelanocytic lesions, separated by an interval of
time, in order to detect any suspicious change [11]. It
is mainly used to increase specificity, leading to a
more precise selection of lesions requiring excision
and avoiding unnecessary biopsies of biologically
benign lesions [12,13].

A large meta-analysis found that, by using SDDI,
54.6% of melanomas can be excised in situ [14,15].

In addition, for differentiating benign pig-
mented lesions from melanoma and detecting
early-stage melanoma, dermoscopy is an effective
tool for the diagnosis of keratinocyte skin cancers
(basal cell carcinoma, actinic keratosis, Bowen’s dis-
ease and invasive squamous cell carcinoma) [16,17],
and for their preoperative evaluation or assessment
of response to topical treatment and long-term fol-
low-up [18,19].

To date, several dermoscopic structures and
diagnostic algorithms have been described, to help
the clinician to determine the melanocytic or non-
melanocytic and benign or malignant nature of a
lesion and to choose management and treatment
options for specific types of skin cancers (Fig. 2)
[9,20

&

].
The importance of the combined use of TBP and

dermoscopy for melanoma detection has been well
described in literature [21]. Argenziano et al.
reported that melanoma may grow slowly and thus
changes can only be seen after long-term follow-up
[22]. From this perspective, a monitoring approach
consisting of the combination of TBD and dermo-
scopy results more accurate than the two strategies
separately, allowing to detect melanomas in early
stages with a low rate of excisions [23].

The use of dermoscopy is increasing in popular-
ity among dermatologists and nondermatologists;
however, it should be remembered that, to be effec-
tive, this technique requires proper training and
expertise [24].

REFLECTANCE CONFOCAL MICROSCOPY

The first use of reflectance confocal microscopy
(RCM) in dermatology dates back to 1990 [25]. It
is an innovative noninvasive imaging tool that ena-
bles real-time in-vivo or ex-vivo characterization of
skin lesions at cellular level resolution (0.5–1 mm)
and provides serial horizontal images of the differ-
ent layers of the skin (from the epidermis to the
papillary dermis) up to a thickness of 200–300 mm
[26].

RCM has been widely used for the diagnosis and
therapeutic monitoring of skin cancers [27,28].

The light source is a low-power near-infrared
(830 nm wavelength) laser, emitting light from a
diode at a power up to 35 mW, which penetrates
the skin in a nondestructive way and is reflected
from subcellular structures at a desired focal point
[29]. A small pinhole permits to collect only the
light reflected from the focal plane, rejecting that
coming back from out-of-focus planes (confocal
principle) [30

&

].
RCM uses the different refraction indexes of

tissues and cell structures, providing the source of
contrast (bright white for refractive structures, dark
for nonrefractive ones) and generating a black and
white image [29]. Highly refractive skin components
are melanin (refractive index¼1.72), contained in

FIGURE 2. (a) Dermoscopic image of a basal cell carcinoma (BCC) on the right cheek in a patient with multiple BCCs in the
context of a Gorlin-Goltz syndrome. After therapy with imiquimod cream over a period of 6 weeks, no features of a basal cell
carcinoma are evident dermoscopically (b). Of note, the lack of tumor-specific criteria in dermoscopy is equivalent to healing
of the tumor histologically.
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melanosomes, melanocytes, melanophages and pig-
mented keratinocytes, and keratin (refractive
index¼1.51) [31

&

]. Fluorescence confocal micros-
copy is based on the same optical principles of
RCM, but uses an exogenous fluorescent dye to
produce highly specific contrast.

RCM has been used in several skin conditions;
however, its main application remains the diagnosis
of suspect lesions presenting with equivocal clinical
and/or dermoscopic features and requiring a biopsy,
especially when located on cosmetically sensitive
areas (i.e., pigmented macules of the face) or large
enough to require assistance in targeting the area for
incisional biopsy (Fig. 3) [25,32]

Imaging of normal skin surface with RCM shows
uniformly bright and regular keratinocytes in the
spinous-granular layer of the epidermis with a ‘hon-
eycomb’ appearance, where the bright lines corre-
late to cytoplasm of keratinocytes and their
intercellular connections and the dark holes corre-
late to the nuclei that are regular in size and shape.

Below the dermo-epidermal junction, basal kerati-
nocytes appear as bright rings surrounding dark
dermal papillae, termed ‘edged papillae’ [33].

With regard to in-situ and invasive squamous
cell carcinoma (SCC), Nguyen et al. recently per-
formed a systematic review on the role of RCM in
the diagnosis of actinic keratosis, actinic cheilitis,
erythroplasia of Queyrat, Bowen’s disease, keratoa-
canthoma, and invasive SCC reporting an overall
value of sensitivity and specificity of 79–100% and
78–100%, respectively [34,35

&&

].
The most known RCM features of SCC are the

presence of an atypical honeycomb or a disarranged
pattern of the stratum granulosum and spinosum,
with pleomorfism of keratinocytes and round blood
vessels traversing through the dermal papilla [25,34].
However, to date, RCM does not allow differentiating
actinic keratosis, Bowen’s disease, keratoacanthoma,
and invasive SCC with high specificity.

Conversely, RCM features of basal cell carci-
noma (BCC) are well established and characterized

FIGURE 3. Brownish, well demarcated lesion on the forehead of a 32-year-old male patient. Dermoscopically, the lesion
exhibits multiple white lines around the hair follicles on a brown-yellowish background (a, b). In uncertain cases, especially if
the lesions are located on the face, reflectance confocal microscopy (RCM) is additionally performed (c, d). However, punch
biopsy of the lesion was performed and histology revealed a granuloma faciale.
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by large and basaloid tumor islands, sharply sepa-
rated from the dermis by dark cleft-like space. A
recent systematic review and meta-analysis showed
a 92% sensitivity and 93% specificity for RCM diag-
nosis of BCCs [36].

For which concerns melanocytic lesions, two
different algorithms with similar sensitivity and
specificity have been developed for the differentia-
tion of melanoma from nevi [37] (Fig. 4).

Finally, RCM proved useful for therapeutic man-
agement of skin cancers, being able to assist in
delineating surgical borders of the tumor in the
preoperative phase [31

&

].
As for dermoscopy, also in the case of RCM an

extensive training to acquire and interpret images is
needed. Practical limitations of the method include
its cost and time required for assessment of large or
multiple lesions.

HIGH-FREQUENCY ULTRASONOGRAPHY

Ultrasonography is a fast, noninvasive diagnostic
tool widely used in medicine. Recently, several stud-
ies described that high-frequency ultrasound
(HFUS) could be applied to initial differential skin
cancer diagnosis, measurement of tumor depth,
preoperative mapping of skin neoplasm margins,
loco-regional staging, detection of tumor recur-
rence, and efficacy of treatments [3].

Compared to conventional ultrasound, HFSU
has higher resolution that is directly proportional
to depth of penetration and inversely proportional
to frequency. In the field of dermatology, the most
common used frequencies are between 20 and
50 MHz [38].

Ultrasound imaging is based on the principle of
wave reflection off of interfaces with different

acoustic impedances (resistance to the passage of
ultrasound waves). To generate an image, it is nec-
essary that a transducer probe (containing piezoelec-
tric crystals), applied on the skin, generates sound
waves and receives echoes (back waves) that are
converted in electrical signals, processed and dis-
played to form an image [38]. The attached color
Doppler function enables the visualization of vas-
cular morphology and blood flow in real time [3].

All skin neoplasms appear as hypoechoic areas
in ultrasound images. SCC mainly differs from BCCs
because of more prominent vascularity. Melanoma,
instead, appears as a homogeneous hypoechoic area,
oval or spindle-shaped, with a prominent vascular
pattern and dermal invasion [3].

Some authors reported that HFUS does not
improve the accuracy of traditional clinical and
dermoscopic diagnosis of skin cancers, limiting its
role to the evaluation of size and depth of tumors
[38,39].

OPTICAL COHERENCE TOMOGRAPHY

Optical coherence tomography (OCT) is a noninva-
sive, near-infrared imaging technique, first devel-
oped in the field of ophthalmology and introduced
in dermatology about 20 years ago. It operates anal-
ogously to ultrasound, and allows creating real-time
2D and 3D images of the tissue [29]. Compared with
RCM, conventional OCT enables to assess skin struc-
tures at a depth of approximately 0.5–1,5 mm, with
optical resolution of 3–15 mm (structural resolution)
[40]. In the last years, studies have explored the role
of OCT in diagnosis of skin cancers [41]. Basal cell
carcinoma is the skin neoplasm most investigated
with OCT, and is characterized by a signal-poor, well
circumscribed tumor nodules surrounded by dark

FIGURE 4. (a) Clinical picture of a dark brown to black irregular shaped lesion of the back of a 50-year-old female patient
which proved to be melanoma (Breslow 0.5). (b) Dermoscopy showing an atypical pigment network with blotches and blue-
white veil. (c) Reflectance confocal microscopy revealing roundish pagetoid cells at epidermal level.
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rims (corresponding to basaloid islands in histology)
[42]. Dilated branching vessels become visible by
using dynamic OCT, which allows to study superfi-
cial blood vessels via rapid and repetitive scanning
of the same site [33].

In melanoma, OCT shows evident architecture
disarray and an indistinct dermo-epidermal border.
Rete ridges are not finger-shaped and elongated as in
benign nevi, but broadened. Dermal invasion is
defined by the loss of visualization of dermis and
the presence of large vertically arranged icicle-
shaped structures [42].

OCT has also been assessed for in-situand invasive
SCC. Actinic keratoses present a thickened epidermis,
frequently with a multilayered stratum corneum.
Invasive squamous cell carcinoma also shows alter-
ation in the dermo-epidermal junction [43]. (Fig. 5)

OCT is frequently used in combination with
other noninvasive techniques (dermoscopy, RCM,
multiphoton tomography). It is expensive and
needs specialized training for image interpretation.

ELECTRICAL IMPEDANCE
SPECTROSCOPY AND TOMOGRAPHY

Electrical impedance spectroscopy (EIS) was devel-
oped as a well tolerated and noninvasive diagnostic
method for melanoma detection, considering that
malignant transformation of the cells alters their
innate electrical impedance (resistance to an
injected electrical stimulus) [44,45].

EIS is performed using a handheld probe con-
taining a disposable electrode that applies an

electrical current to the skin, receiving back the
resulting current from the tissue. Two measure-
ments are performed, one on lesional skin and
one on unaffected neighboring area (intraindividual
reference measurement), resulting in a score
between 0 and 10. Lesions with a score of less than
4 are considered benign, whereas lesions with a
score of 4 or more are identified as malignant.
The ability to differentiate benign from malignant
lesions on the basis of innate electrical impedance
has been investigated in a large multicenter study,
showing high sensitivity (96.6%) but low specificity
(34.4%) for melanoma diagnosis [46].

The new generation of EIS devices integrates
dermoscopy images into the patient chart with the
EIS score [47]. This painless and rapid procedure is not
meant to distinguish between different skin cancers,
but to help physicians differentiate between benign
and malignant lesions (melanocytic and nonmela-
nocytic). In this respect, its use may also be extended
to the assessment of epithelial neoplasms. Electrical
impedance tomography (EIT) has been studied with
the intent to overcome the limitations of EIS lesions
(measurements on strongly vascularized body parts
or small lesions). It is used for imaging the differences
in impedance of a body region by using low-fre-
quency electrical current. Hartinger et al.[48] elabo-
rated a hybrid technique allows imaging skin lesions
by using an electrode matrix combined with 3D
image reconstruction algorithms. However, future
studies are required to investigate the use of this
methods in skin cancer management.

RAMAN SPECTROSCOPY

Raman spectroscopy is an optical technique that
studies the inelastic monochromatic light scattering
in a substance where the incident light transfers
energy to molecular vibrations. Raman spectroscopy
of the skin, performed by applying on the cutaneous
surface a handheld probe that emits a 758-nm laser,
causes inelastic optical scattering that is plotted on a
spectrum to obtain a molecular fingerprint of the
tissue [49]. Based on such spectral information,
analyzed by an internal algorithm of the device, a
skin lesion can be defined as benign or malignant.
Raman spectroscopy has a 95–99% sensitivity and a
15–54% specificity in discriminating between
benign and malignant (melanoma and nonmela-
noma skin cancer – NMSC) skin lesions [50].

OTHER EMERGING METHODS AND
FUTURE DIRECTIONS

Multispectral imaging is a noninvasive technique in
which light of multiple wavelengths penetrates the

FIGURE 5. (a) Clinical picture of a slightly raised
hyperkeratotic lesion of the scalp of a 96-year-old male
patient histopathologically revealing an invasive well
differentiated squamous cell carcinoma. (b) Dermoscopic
picture showing a predominant central keratin mass. (c)
Optical coherence tomography showing bright surface, focal
hyperkeratosis, acanthosis, and interruption of the dermo-
epidermal junction.
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skin to different depths, taking sequences of images
that are then analyzed by a computer algorithm for
color, border, orientation, and pattern. Studies
reported a high sensitivity but a low specificity for
melanoma detection [38].

Fluorescence imaging methods utilize the fluo-
rescent properties of endogenous and exogenous
molecules (fluorophores) to create images, and
have been used in detecting skin cancers, charac-
teristically more fluorescent than normal tissue
[3].

Multispectral optoacustic tomography (MSOT)
is a high-resolution noninvasive imaging technique
based on the photoacoustic effect. It has been stud-
ied in patients with NMSC for presurgical mapping
[29,44].

Further novel noninvasive tools, combination
imaging technologies and machine-learning algo-
rithms are currently under investigation and aim to
improve the management of patients with mela-
noma and NMSC.

CONCLUSION

The advent and advancement of technology has
offered considerable benefits to medical clinical
practice. This is dramatically true for imaging in
dermatology, used to transfer patient’s information,
document skin conditions, differentiate benign and
malignant lesions, assess response to treatment and
perform follow-up. In the field of skin cancers,
noninvasive imaging techniques have become
indispensable not only for diagnosis but also for
adequate management of patients.
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