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Abstract

Following more than two decades of effort, reflectance confocal microscopy (RCM) imaging of
skin was granted codes for reimbursement by the US Centers for Medicare and Medicaid Services.
Dermatologists in the USA have started billing and receiving reimbursement for the imaging
procedure and for the reading and interpretation of images. RCM imaging combined with
dermoscopic examination is guiding the triage of lesions into those that appear benign, which are
being spared from biopsy, against those that appear suspicious, which are then biopsied. Thus far,
a few thousand patients have been spared from biopsy of benign lesions. The journey of RCM
imaging from bench to bedside is certainly a success story, but still much more work lies ahead
toward wider dissemination, acceptance, and adoption. We present a brief review of RCM imaging
and highlight key challenges and opportunities. The success of RCM imaging paves the way for
other emerging optical technologies, as well—and our bet for the future is on multimodal
approaches.
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Introduction

On January 1st, 2016, following more than two decades of research and development,
commercialization, translational studies and clinical trials, reflectance confocal microscopy
(RCM) imaging of skin was granted category | current procedural terminology (CPT)
reimbursement codes (96931-96936) by the US Centers for Medicare and Medicaid
Services (CMS) [1]. Dermatologists in the USA have started billing and receiving
reimbursement for the imaging procedure and for the reading and interpretation of images.
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Leading up to this milestone, a core worldwide group of pioneering “early adopter”
dermatologists has been testing and implementing RCM imaging to actively guide patient
care. RCM imaging combined with dermoscopic examination is guiding the triage of lesions
into those that appear benign, which are being spared from biopsy, against those that appear
suspicious, which are then biopsied and treated. At this point, the initial impact is promising:
a few thousand patients have been spared from biopsy of benign lesions and these lesions are
now being noninvasively monitored.

The CPT codes are designed to parallel those that are currently in use for routine biopsy and
pathology (Table 1), and are categorized under “Special Dermatological Procedures” [1].
The first three codes are for imaging on a single lesion on a patient. One code (96931) is for
image acquisition, followed by reading the images and producing a report. (Images must be
in the format of mosaics, as further explained below.) The first code is applicable when all
three procedures are carried out by a single clinician. The second code (96932) is for image
acquisition only, and third code (96933) is for only reading and producing a report. These
two codes are applicable when each procedure is carried out by a separate clinician. Then,
there are three equivalent codes (96934, 96935, 96936) for each additional lesion, for those
cases in which patients present multiple lesions. At the time of this writing, a preliminary
physician fee schedule for 2017, with proposed values for all six codes, is available [1]. The
final fee schedule, which will, of course, vary by region, will be determined in November
and December, 2016 and will officially go into effect on January 1st, 2017.

The journey of RCM imaging from bench to bedside, along with the newly received CPT
codes, is certainly a success story of technology development, academic-industry
partnership, clinical collaboration on a global scale, and advancing patient care. However,
our work is far from over. Challenges lie ahead—and must be addressed—toward wider
dissemination, adoption, and clinical impact. We present a brief history of the RCM
imagingjourney and highlight key challenges and opportunities: current practice and pitfalls
for guiding diagnosis, emerging role in guiding therapy with potentially larger impact,
building smaller, lower-cost and easier-to-use microscopes, creating a platform for training
and education, and harnessing multimodal approaches to enhance current cellular-imaging
capability with molecular and functional contrast. The success of RCM imaging paves the
way for other emerging optical technologies, as well—and our bet for the future is on
multimodal approaches.

The “ABCDE” Rule and Dermoscopy to Guide Diagnosis

Approximately 3.6 million new cases of skin cancer are diagnosed in the USA every year,
and another million in the rest of the world [2-4]. In the 1980s, dermatologists, relying
mainly on visual inspection, augmented by a magnifying glass, determined the gross clinical
morphologic features to discriminate malignant skin lesions from benign ones, producing
the widely known “ABCDE” rule for pigmented lesions [5]. However, early detection of
many skin cancers remained difficult. To improve the sensitivity for early detection, while
limiting the number of unnecessary biopsies of benign lesions, dermatologists explored
approaches to further augment visual inspection. One approach that has greatly impacted
skin cancer detection is dermoscopy. The dermoscope is a hand held microscope with 4-10x
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magnification that permits observation of subsurface morphologic features that are not
visible to the unaided eye. In the 1990s, advances in dermoscopy led to clear improvements
in diagnostic accuracy [6-9]. An experienced dermatologist can detect melanocytic lesions
and pigmented basal cell carcinomas with sensitivity and specificity of about 90%. However,
for lightly- or non-pigmented melanocytic lesions (hypomelanotic and amelanotic lesions),
for non-pigmented non-melanocyticlesions, for featureless or feature-poor lesions and for
small lesions, the specificity tends to be quite variable and can be much lower (32-90%).

Clinical experience, dermoscopic knowledge, lesion type, and patient characteristics all
impact the ultimate diagnostic accuracy and benign-to-malignant biopsy ratio. Not
surprisingly, this ratio is quite variable, ranging from as high as 2-to-1 to as low as 47-to-1 in
adults, to an astonishing 600-to-1 in children and adolescents [10-17]. Needless to say, the
fear of missing a skin cancer, particularly a melanoma, results in the biopsy of millions of
benign lesions each year. Although a biopsy of skin is a relatively minor procedure, it is
invasive, leaves a scar, associated with some degree of morbidity and is expensive. Most
lesions in high-risk individuals, including those with the atypical mole syndrome which
present hundreds of nevi, are benign, and most skin cancers, including melanomas, arise de
novo, which makes biopsy or excision of all lesions impractical and even unethical. Thus,
dermatologists must frequently decide on which potentially malignant lesions to biopsy,
while avoiding the biopsy of potentially benign lesions. The natural question that then arises
is whether technologies beyond dermoscopy can further improve our ability to detect skin
cancer. Toward this end, noninvasive high-resolution optical approaches offer attractive
possibilities. Such approaches can be performed directly on the patient, in real-time, at the
bedside, and, likely, at reduced (or, at least, justifiable) cost.

Beyond Dermoscopy: Higher-Resolution Sub-Surface Approaches

Reflectance

A number of optical imaging and spectroscopic technologies have been developed for
noninvasive detection of skin cancers [18-21]. These include RCM, optical coherence
tomography (OCT), diffuse reflectance spectroscopy including multi- and hyper-spectral
approaches, two-photon microscopy, Raman spectroscopy, and multi-modal spectroscopy
[22-61]. Of these, RCM imaging is currently the furthest along in clinical settings, with
level | and level Il evidence supporting its role in enabling dermatologists to discriminate
benign from malignant lesions with high sensitivity and specificity. The five studies that
were assessed by the American Academy of Dermatology (who supported the development
of the CPT codes and their reimbursement values) and by the American Medical Association
(who presented to the CMS) demonstrated level Ila, level I1b, and level 1b evidence
[22,23,27,28,32].

Confocal Microscopy

RCM imaging noninvasively shows nuclear and cellular-level morphology in human skin /in
vivo [62—68]. With optical sectioning of 2-5 pm and resolution of 0.5-1.0 um, imaging of
the epidermis and the underlying papillary dermis in small fields-of-view of, typically, 0.5 x
0.5 mm? and down to depths of 100-200 um is routinely performed. Imaging is based on the
detection of singly backscattered photons from the optical section and contrast is due to the
relative variations in refractive indices and sizes of organelles and microstructures [66—69].
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Strong signal and bright contrast is obtained particularly from melanin, keratin, and
collagen. Imaging is in en face planes, oriented parallel to the skin surface. Imaging in depth
is performed by acquisition of a stack of images. At any depth of interest, a two-dimensional
matrix of images is acquired and stitched together into a mosaic to increase the field of view,
to up to 8 x 8mm2. Mosaicking overcomes the inherent limitation of small field-of-view and
enables display of larger areas of tissue. In recognition of this quintessential feature, CMS's
mandate for use of the CPT codes is acquisition of several mosaics at different depths
(followed by reading and interpretation to render a diagnosis). The powerful ability to
acquire mosaics and stacks with RCM imaging in real-time facilitates noninvasive probing
of a relatively large volume of tissue /in vivo. By comparison, in pathology, the usual
examination of a few 5 um-thin sections from, say, a 2 mm-biopsy within, say, an
equivalently sized 8 x 8 mm? lesion, samples less than 1% of the volume. The significantly
larger sampling of tissue with RCM imaging is likely to help in the detection of focal
malignancies and regions with sparse tumor, which may then facilitate, to some extent,
higher level of sensitivity.

The depth of RCM imaging is limited to about 200 pm, which reaches into the papillary
dermis. Nonetheless, this depth routinely includes and allows for the examination of the
dermal—epidermal junction, which is usually at depths of 50-150 um. For dermatologists
and pathologists, the dermal-epidermal junction is of key interest, as almost all skin cancers
originate and spread from the basal cell layer at this location. Another limitation is that the
imaging relies on endogenous reflectance at a single illumination wavelength, and the
resulting contrast is grayscale with limited specificity for microstructure. Thus, the dermal—
epidermal junction can be difficult to visualize, particularly in lightly pigmented skin or
when disrupted or effaced in lesional skin. Melanin cannot be easily distinguished from
keratin, and melanocytes cannot be easily differentiated from keratinocytes, or Langerhans
cells [69,70]. Neither can different types of inflammatory cells such as melanophages be
differentiated from lymphocytes. Nonetheless, despite these limitations, the pioneering early
adopter dermatologists learned to read images and distinguish types of cells and
microstructural detail based on differences in morphology. As a result, we have witnessed
tremendous progress in translation of RCM imaging for detection of skin cancers.

Translational Advances

A PubMed search reveals that, as of today, about 200 studies have been published on skin
cancers and inflammatory conditions, and about another 200 on characterization of normal
skin, pigmentary and hair disorders, wound healing, infectious disease, and oral and genital
disease. Several studies reported RCM imaging to achieve sensitivity of 70-92% and
specificity 84-88% for melanocytic lesions and sensitivity of 100-92% and specificity 85—
97% for non-melanocytic skin lesions [22-27]. Although the sensitivity is comparable to
that of dermoscopy, the specificity is two times superior, especially for lightly- and non-
pigmented melanocytic lesions and for non-melanocytic lesions. Such lesions often do not
present specific features on dermoscopy. The imaging was found to be particularly useful for
detecting hypomelanotic and amelanotic melanomas, achieving sensitivity of 85%, and
specificity 84% [26,71-73]. Level Il evidence was reported that RCM imaging, as a second-
level examination following dermoscopy, may significantly reduce the number of biopsies of
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benign lesions, by 50-68%, and, furthermore, dermoscopy combined with RCM imaging
may be highly sensitive, up to 98% [26,27].

The reproducibility of diagnostic features and consensus for diagnostic accuracy was
reported to be reasonably promising [29]. Image reading and diagnosis of 100 lesions, which
included 55 melanocytic nevi, 20 melanomas, and 15 basal cell carcinomas, by nine
dermatologists from six countries, was accomplished with average sensitivity of 89% (range
83-100%) and average specificity of 79% (range 69-91%). Average diagnostic accuracy
was 83% (range 76-89%). Interestingly, diagnosis by majority (consensus of five or more
readers) was accomplished with sensitivity of 100% and specificity of 80% and diagnostic
accuracy of 87%, suggesting that there may be more diagnostic detail to be gleaned from
collective expertise and experience than that from individuals. Experienced dermatologists
showed higher sensitivity relative to that of novice readers (91% vs. 85%) but comparable
specificity (80% vs. 78%). Overall, eight diagnostic features showed moderate to good
reproducibility, with kappa 0.31-0.83. Obviously, there is room for improvement, which will
likely happen over time: as with dermoscopy and as with any new technology, reaching
widespread acceptance and consensus will require more such RCM community-wide
studies, and will evolve with more training and more clinical experience, all of which will
test and further refine the consistency and robustness of the current diagnostic features and
approaches.

A meta-analysis of five studies, on a total of 909 patients, reported sensitivity of 93% (range
89-96%) and specificity of 76% (range 69-83%) for melanocytic lesions [74]. The analysis
further predicted that, in dermoscopically concerning lesions, RCM imaging may increase
specificity twofold. Another meta-analysis of six studies, involving a total of 1,126 lesions
of basal cell carcinomas, reported sensitivity of 97% (range 90-99%), and specificity of 93%
(range 88-96%) [75]. However, the authors caution against the relatively small number of
studies for basal cell carcinomas and potential selection bias in some, and, to address this
limitation, have launched a larger and randomized trial, currently in progress [76].
Meanwhile, the third and latest meta-analyses of sub-groups from a total of 21 studies
involving 3,108 patients and 3,602 lesions revealed overall sensitivity of 94% (range 92—
96%) and specificity of 83% (range 81-84%) for all types of skin cancers, and, in particular,
sensitivity of 93% (range 90-95%) and specificity of 78% (range 76-81%) for melanomas,
and sensitivity of 92% (range 87-95%) and specificity of 91% (range 84-96%) for basal cell
carcinomas [77]. Other retrospective analyses claimed that dermoscopy combined with
RCM imaging could “dramatically” reduce the need for biopsy of benign lesions [78-80].

Indeed, these predictions have been borne out by the results of four recent prospective
studies, which assessed the number needed to treat (NNT) for dermoscopy and for
dermoscopy combined with RCM imaging [31-34]. The NNT ratio is the rate of detection of
ambiguous lesions that are biopsied per actually detected melanoma. In one university
hospital setting, the NNT dropped from (a hypothetical) 3.73 with dermoscopy alone to 2.87
when guided by dermoscopy and RCM imaging [31], and in another similar setting, from
14.6 to 6.8 [32]. In the third report, data from over a 6-month period revealed an NNT of
19.41 in regional healthcare settings, where only dermoscopy was used, which dropped to
6.25 in a university hospital setting, where dermoscopy was combined with RCM imaging
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[33]. In the fourth and very latest study, the NNT was reportedtobe2.4 [34]. These results
confirm that dermoscopy and RCM imaging together can decrease the NNT ratio by about
two times relative to that with dermoscopy alone. In these settings, benign lesions are now
not being biopsied, but, instead, noninvasively monitored.

Current Practice and Pitfalls for Guiding Diagnosis

The issuing of CPT codes by CMS ushers in the next generation of skin cancer diagnostics.
RCM imaging is now advancing to daily and routine use in our Dermatology Service at
Memorial Sloan Kettering Cancer Center (MSKCC). To date, the imaging has guided patient
care in more than 200 cases. We present example cases to highlight the utility and pitfalls of
this imaging procedure (Figs. 1-4). Three cases highlight the utility of dermoscopic
examination and RCM imaging to guide patient care in various situations: to spare biopsy of
a benign lesion, to confirm the need to perform biopsy of a suspicious lesion, and to provide
a second level confirmation of diagnosis followed by guiding treatment choices (Figs. 1-3).
The fourth case highlights a pitfall: the lack of specificity for differentiating between
melanocytes and Langerhans cells in melanocytic lesions (Fig. 4).

In our experience, the additional time for acquistion of RCM mosaics and stacks, followed
by reading and interpretation, varies from several minutes up to an hour, depending on the
size and complexity of the lesion. For diagnosis, most lesions can be imaged within 20-30
minutes, and image reading can take up to as much more time. Mapping of sub-clinical sub-
surface margins of large and widespread lentigo maligna lesions can take longer. Imaging
involves, typically, the acquisition of 3-5 mosaics at several levels in the epidermis and
superficial dermis, followed by the additional acquisition of 2—4 stacks. For image reading
and interpretation, the clinician examines each mosaic with low and high magnifications
(similar to the procedure for examining pathology), inspects each of the stacks, and then
writes an electronic report. Note that there is a learning curve associated with any new
technology, in terms of effort, time, and utility. What remains very much work in progress is
seamless integration of RCM imaging into current clinical practice and workflow, to
optimize speed and efficiency. This will, no doubt, occur with wider usage and more
experience.

The CPT codes provide reimbursement on a per-lesion basis. The reimbursements account
for the anticipated range of time and effort for acquisition and interpretation of images, and
for number of lesions. This is similar to the reimbursements for biopsy and pathology, which
are on a per-lesion basis. Indeed, the currently proposed preliminary fee schedule for RCM
imaging is fairly on par with that for biopsy and pathology procedures. The new fee
schedule provides a starting point and will be initially defined for 3 years. Wider adoption
and use by larger numbers of dermatologists, and further experience will subsequently help
CMS reassess the cost in terms of time and effort, and if necessary, redefine the appropriate
reimbursement for the longer term.

The use of RCM imaging appears to be clinically most indicated for lesions in the head and
neck area, lesions in sun-damaged areas and lesions which appear dermoscopically regressed
[34]. As with any other approach, the imaging, too, has its pitfalls [34,81,82]. Pitfalls
include misdiagnosis of certain types of lesions due to either its characteristics or missing
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detection due to sampling errors. Nodular melanomas tend to be deeper than the maximum
depth of imaging and can be missed. Nevoid melanomas with bland pathology can result in
false negatives. Nevi with severe atypia can result in false positives. (However, biopsy is
usually recommended to rule out melanoma in such cases, and such high-grade lesions are
typically excised.) Small focal areas of melanoma /n7 s/itu within a larger lesion can be
missed. The presence of Langerhans cells, which cannot always be differentiated from
melanocytic cells, can lead to false positives. The presence of inflammatory infiltrates can
hide cellular morphology of the underlying melanoma. Certain lesions such as Spitz nevi can
be confounded for melanoma and produce false positives. Certain subtypes of basal cell
carcinomas such as morpheaform or infiltrative can be more difficult to detect, as thin cords
of tumor cells or individual atypical tumor cells may be difficult to discern in the dermis.
Many of these pitfalls are also situations in which even conventional pathology may not be
conclusive or may need further expert or consensus opinion. In all such cases, if clinical and
dermoscopic examination suggest a malignant or concerning lesion, and RCM imaging turns
out not conclusive, then further assessment or biopsy should be performed.

Related to the clinical pitfalls and technical limitations of RCM imaging is the issue of
malpractice and liability and quality control. Any liability associated with RCM imaging is
expected to be no different than that potentially incurred with current use of other
noninvasive imaging approaches such as dermoscopy and total body photography, and the
use of other diagnostic tools for assessing skin lesions. The issue of quality control will also
need to be addressed by the RCM imaging community. Similar to quality control processes
in pathology and radiology, we are now developing written and standardized protocols for
use on patients, with guidelines for acceptable image quality in terms of resolution, contrast
and appearance of cellular and morphologic details.

Emerging Role in Guiding Therapy

Although the availability of CPT codes and the resulting foray into routine practice are
certainly major steps forward, still much more work lies ahead. Beyond all the effort to date,
which was focused on imaging to guide diagnosis, an emerging opportunity is imaging to
guide therapy. The role and impact of RCM imaging for guiding therapy is potentially as
large as—if not larger than—that for guiding diagnosis. In fact, a glimmer of this potential is
already evident in the ability of RCM imaging to guide diagnosis as well as treatment of
lentigo maligna lesions [83-86]. Detection of lentigo maligna is possible with sensitivity of
85% and specificity 76% [84]. On 37 complex cases of lentigo malignas, which included
five lentigo maligna melanomas, the noninvasive imaging of margins guided choice of
therapy. The imaging led to changes in treatment and management in 27 patients, with 11
undergoing major revisions in surgical excision and the remaining given topical or radiation
therapy [85]. The imaging can also detect equivocal pigmented lesions concerning for
lentigo maligna, as prospectively shown on 17 patients, with sensitivity of 100%, specificity
71% and concordance with pathology of 89% [87]. Similarly, the ability to non-invasively
detect lateral margins and depth of superficial lesions as well as residual tumor margins,
directly on patients, may allow the use of RCM imaging to guide and monitor Mohs surgery
and surgical excision of basal cell carcinomas [88-93].
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Perhaps, most exciting is the possibility that the imaging may provide “game changing”
impetus to emerging newer and less invasive therapies, which do not involve conventional
removal of tissue and pathology. For example, a number of studies reported the feasibility of
imaging-guided laser ablation, radiation therapy, topical (Imiquimod), and photodynamic
therapy of superficial, and early nodular types of basal cell carcinomas and of lentigo
malignas [94-101]. The results are, for now, limited to small numbers of patients. Larger
and randomized studies to test for efficacy in terms of reliability, consistency, cure rates and
cosmetic outcomes remain to be carried out. Additional CPT codes, too, may be necessary to
support new therapeutic applications. However, if successful in the long-term, for
appropriately superficial types of lesions, one may imagine RCM imaging-guided diagnosis,
treatment and monitoring to be performed all directly on patients, as a single procedure in a
single visit, while reducing the need for traditional biopsy, surgery and pathology. In fact,
dermatologic surgeons at MSKCC are already showing preliminary success with this
approach for small superficial and nodular basal cell carcinomas [99-101].

Next Generation of Microscopes

Although the size and cost of commercially available RCM imaging devices for skin
(Vivascope, Caliber Imaging & Diagnostics) are shrinking, currently available microscopes
are still too large, expensive and cumbersome to support wider dissemination, and thus
remain mostly confined to tertiary academic healthcare centers. An entirely new class of
smaller, lower-cost and easier-to-use microscopes is needed for a “quantum leap” in
dissemination. Toward this objective, new devices based on divided-pupil line-scanning and
miniaturized micro-electro-mechanical systems' approaches are being engineered [102-104].
Both approaches show promise for imaging skin, as seen in bench-top studies, but are yet to
be developed for clinical use.

Training and Education

Training the next generation of dermatologists and pathologists to read and interpret
mosaics, either at the bedside or remotely, is critical for wider acceptance and adoption of
RCM imaging. Although slowly increasing, the number of clinicians who can interpret with
high accuracy and consistency is small. Although the morphologic features are similar to
those of pathology, a substantial investment of effort is still required to review a large
number of cases and become proficient in interpreting the en face grayscale mosaics. In a set
of 100 lesions read by nine dermatologists, those with more than 3 years' experience
performed with higher sensitivity than those with less (94% vs. 85%) while the specificity
was on par (80% vs. 78%) [29]. In another set of 334 lesions, a dermatologist with 9 years'
experience read with sensitivity of 97% and specificity 80%, whereas a novice with less than
a year's experience demonstrated sensitivity of 93% and specificity 64% [28]. Not
surprisingly, with more experience, in a follow up set of 119 lesions, the same (but now less
novice) reader performed better, with sensitivity of 100% and specificity 92% [30].

Moreover, the current procedure for image acquisition, typically performed by clinical staff,
requires the ability to first locate the topmost surface of skin (stratum corneum) and then

visually identify the clinically most relevant depths and acquire mosaics, with at least one at
the dermal—epidermal junction. This purely visual and qualitative approach is subject to user
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expertise and opinion, and therefore necessitates a significant investment in training. An
alternative is to use a semi-automated image-acquisition procedure that captures mosaics at
pre-defined depths. But this approach carries the risk of missing the clinically most
important layers and/or the dermal—epidermal junction. Therefore, some combination of
both approaches will likely produce the most accurately and consistently located set of
mosaics. Based on the collective experience of the core group of early adopter
dermatologists, a consensus is evolving for a standardized approach for imaging, which
involves acquisition of mosaics, to display large areas of lesions, at a few discrete user-
selected depths encompassing the dermal—epidermal junction, followed by acquisition of
stacks with finely-spaced images, to display lesion morphology with depth. This experience
and evolving consensus led to CMS's determination of the imaging approach—mandatory
acquisition of 3-5 mosaics, optional acquisition of 2—4 stacks—for use of the CPT codes.
Consequently, our next phase of work is now necessarily focused on standardizing,
implementing, and disseminating this approach. Training of new users by the early adopters
is in progress.

Beyond such efforts, quantitative approaches to supplement and guide the traditional visual
approach may help to shorten the learning curve. Research is, in fact, already in progress to
create computational models and machine learning-based algorithms for both image
acquisition and image analysis [105-110]. Such models and algorithms may eventually
produce quantitative tools to guide standardized acquisition, reading and diagnosis, as well
as, serve as a platform for training and education.

Multimodal Approaches

Other technologies that are currently in translation may compete with RCM imaging [18-
21]. More likely, though, we will see synergistic collaboration, with their complementary
advantages in molecular and functional contrast adding to the cellular-level detail (and thus
overcoming the limitations) of RCM imaging. OCT (Michaelson Diagnostics) images faster
and deeper in skin, and can detect basal cell carcinomas with sensitivity 79-84% and
specificity 85-96% [35-37]. High definition-OCT (SkinTell) can detect melanoma, based on
optical properties, with higher diagnostic accuracy (82-95%) and negative predictive value
(89-97%) than those based on morphology [37]. Two-photon microscopy (Dermalnspect)
provides exquisite specificity of contrast, and can detect melanocytic lesions with sensitivity
of 71-76% and specificity of 97-72% [38]. Raman spectroscopy (\Verisante Technology)
provides molecular specificity over large fields-of-view, and can detect both melanocytic and
non-melanocytic skin lesions with sensitivity of 99-90% and specificity 20-75% [39,40].
Diffuse reflectance spectroscopy provides biochemical and functional specificity. One
multispectral approach (Mela-Find) performed with sensitivity of 98% and specificity 9.9%
(relative to dermatologists' specificity of 3.7%, in a clinical trial that included mostly
atypical lesions and a relatively small number of benign lesions) for detection of
melanocytic lesions [41-45]. Other studies indicated range of sensitivity of 78-96% and
specificity 46-9%, depending on use of MelaFind alone or in combination with clinical
examination and dermoscopy [41,45]. Another multispectral approach, called spectro-
photometric intracutaneous analysis (SIAscopy or MoleMate), performs with sensitivity of
84-98% and specificityof84-46% for melanocytic and non-melanocytic lesions [46-49].
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Other developments include multi- and hyper-spectroscopy, reporting range of sensitivities
from 69% to 97% and specificities from 72% to 87% [50-56]. Multimodal spectral
approaches, combining reflectance, fluorescence, and Raman, can classify melanocytic and
non-melanocytic lesions with sensitivity 90-100% and specificity 71% to 100% [57,58]. A
new polarization-sensitive hyper-spectral imaging approach (SkinSpect) is in clinical testing
[59-61].

What will be interesting to see is how these approaches advance and are combined to
ultimately produce the best solutions for rapid detection over larger and deeper fields-of-
view, with cellular and molecular contrast, and both high sensitivity and high specificity. The
integration of dermoscopy and RCM imaging is already an excellent example, dermoscopy
combined with OCT is showing promise with sensitivity of 96% and specificity of 75% for
basal cell carcinomas [111,112], and preliminary but quite fascinating work on integration of
other modes is well on its way [57,58,113-121].

Potential Long-term Global Impact

Finally, the success of RCM imaging paves the way for all other emerging noninvasive
optical technologies. If the initial success of RCM imaging is sustained, what might be the
potential long-term global impact of optical multimodal approaches? Currently, an NNT of
five may be expected with the use of dermoscopy by experienced dermatologists in most
cancer care settings. With the added help of RCM imaging, the NNT will reduce by about
50%, to about 2.5. Given the estimated global incidence rate of ~4.6 million new cases of
skin cancer every year, the potential savings can be on the order of ten million biopsies per
year. Of course, this will take time and may happen only in the distant future. Meanwhile, in
the immediate future, if the NNT drops by even a rather modest level, say, between 1% and
10%, the savings may still amount to between 200,000 and two million biopsies per year
worldwide. Surely, if emerging optical multimodal approaches succeed for noninvasive
detection, we may anticipate that, in the long run, substantial benefit can accrue to very large
numbers of patients.
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Fig. 1.
A female patient, 51 years old, noticed a pigmented lesion on her left cheek, which had not

changed during the past year, but she was concerned due to previous history of melanoma.
The dermoscopic picture (a, yellow circled area) appeared nebulous with no specific
features. RCM imaging was performed to rule out malignant melanoma of lentigo maligna
type. Mosaics (b) and magnified sub-mosaics (yellow square area, c) in the supra-basal layer
showed shows regular honeycomb network of spinous cells with focal cobblestone pattern.
No bright atypical pagetoid dendritic cells were identified in the superficial epidermis or
around the hair follicle, which ruled out the diagnosis of lentigo maligna. Mosaics (d) and
magnified sub-mosaics (yellow square area, €) at the dermal-epidermal junction showed
branching tubular structures with bulbous projections or cord-like rete-ridges, lined by bright
keratinocytes along with solar elastosis in the surrounding dermis. In this case, RCM
imaging spared biopsy of a benign lesion and addressed the patient's concern. Follow-up
imaging will be performed in 6 months to monitor the lesion. (All patient cases and figures
for this paper were prepared by Drs. Manu Jain, Miguel Cordova, and Kivanc Kose in our
Dermatology Service at MSKCC).
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Fig. 2.
On a 76-year-old female patient, with a history of melanoma and squamous cell carcinoma,

skin examination revealed an irregular 1.3 cm-sized pigmented lesion on the left posterior
lower leg. Dermoscopy (a) revealed leaf-like structures, concentric globules, and shiny white
blotches and strands. Dermoscopic examination was supplemented with RCM imaging to
further guide and confirm diagnosis. Mosaics (b) and magnified sub-mosaics (yellow
rectangular area, c) revealed streaming of nuclei with tumor nests and vessels, indicating the
presence of superficial and nodular basal cell carcinoma (BCC). Based on RCM imaging,
the option of proceeding to complete excision versus biopsy and subsequent topical
(Imiquimod) treatment was discussed. The patient chose the latter option, and the saucerized
specimen confirmed the presence of superficial and nodular BCC with clear margins. In this
case, the impact of RCM imaging was to confirm the diagnosis of BCC and guide decision
on definitive treatment.
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Fig. 3.
On a 38-year-old female patient with a history of melanoma and atypical mole syndrome,

skin examination with total body photography revealed changes in a 1.3 cm-sized lesion on
her right abdomen, relative to an earlier baseline examination. The lesion developed a focal
darker area and appeared more pink incolor. Dermoscopy (a) revealed focal atypical
networkinthe darker area and shiny white lines and dotted vessels in the pink area.
Dermoscopic examination was supplemented with RCM imaging, given the patient's history
and high risk for developing melanoma, to determine whether a nevus could be
differentiated from melanoma, and perhaps avoid performing an unnecessary biopsy.
Mosaics (b) and magnified sub-mosaics (yellow square area, c) revealed widespread
pagetoid cells, epidermal atypia, and disarray of the spinous layers, perifollicular infiltration
of atypical cells and non-edged dermal papillae. All of these features were highly suggestive
of melanoma, leading to a complete excision of the lesion. The pathology confirmed the
presence of melanoma /n situ arising in association with a melanocytic nevus. In this case,
the impact of RCM imaging was to confirm the need to perform an excisional biopsy of this
lesion.
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Fig. 4.
A pitfall of RCM imaging is highlighted in these two cases, each showing a compound

melanocytic lesion. In one lesion (@), bright dendritic cells with roundish nuclear
morphology were seen in the basal layer at the dermal-epidermal junction (yellow circled
areas). Pathology and immunostaining revealed proliferation of melanocytes as either
solitary cells or small and large nests situated at dermal-epidermal junction, in the overlying
basal and spinous layers and underlying papillary dermis. This lesion turned out to be a
melanoma. In the other lesion (b), bright pleomorphic and dendritic cells were seen in
pagetoid patterns (yellow circled areas). Here, pathology and immunostaining revealed
proliferation of melanocytes along dermal-epidermal junction as well as scattered
Langerhans cells in the overlying epidermis. This lesion turned out to be a lentiginous
compound melanocytic nevus with some architectural disorder, slight atypia, and partial
regression. Details of this study, including the pathology and immunostaining correlation
results, are available in reference [70]. Bright cells in pagetoid patterns in RCM images may
suggest the presence of pagetoid melanocytes and is a useful feature to guide diagnosis of
melanoma, but this observation can be confounded with the presence of similar appearing
Langerhans cells. Bright cells in pagetoid patterns often tend to be Langerhans cells in
benign nevi whereas they are usually melanocytes in melanomas.
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Table 1
Category | Current Procedural Terminology (CPT) Reimbur sement Codes for

Reflectance Confocal Microscopy (RCM) Imaging of Skin, Granted by the US Centersfor
Medicare and Medicaid Services (CM S), On Januarylst, 2016

CPT code Procedure

96931 RCM imaging of cellular and sub-cellular detail in skin. Image acquisition, interpretation and report for the first lesion
96932 Image acquisition for the first lesion

96933 Interpretation and report for the first lesion

96934 Image acquisition, interpretation and report for each additional lesion

96935 Image acquisition for each additional lesion

96936 Interpretation and report for each additional lesion

At the time of this writing, CMS released a preliminary physician fee schedule for 2017, with proposed reimbursement values for all six codes [1].
The final fee schedule will be determined in November and December, 2016 and will officially go into effecton January 1st, 2017.
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