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Use of Digitally Stained Multimodal Confocal Mosaic Images
to Screen for Nonmelanoma Skin Cancer
Euphemia W. Mu, MD; Jesse M. Lewin, MD; Mary L. Stevenson, MD; Shane A. Meehan, MD;
John A. Carucci, MD, PhD; Daniel S. Gareau, PhD, MCR

IMPORTANCE Confocal microscopy has the potential to provide rapid bedside pathologic
analysis, but clinical adoption has been limited in part by the need for physician retraining to
interpret grayscale images. Digitally stained confocal mosaics (DSCMs) mimic the colors of
routine histologic specimens and may increase adaptability of this technology.

OBJECTIVE To evaluate the accuracy and precision of 3 physicians using DSCMs before and
after training to detect basal cell carcinoma (BCC) and squamous cell carcinoma (SCC) in
Mohs micrographic surgery fresh-tissue specimens.

DESIGN This retrospective study used 133 DSCMs from 64 Mohs tissue excisions, which
included clear margins, residual BCC, or residual SCC. Discarded tissue from Mohs surgical
excisions from the dermatologic surgery units at Memorial Sloan Kettering Cancer Center and
Oregon Health & Science University were collected for confocal imaging from 2006 to 2011.
Final data analysis and interpretation took place between 2014 and 2016. Two Mohs
surgeons and a Mohs fellow, who were blinded to the correlating gold standard frozen section
diagnoses, independently reviewed the DSCMs for residual nonmelanoma skin cancer
(NMSC) before and after a brief training session (about 5 minutes). The 2 assessments were
separated by a 6-month washout period.

MAIN OUTCOMES AND MEASURES Diagnostic accuracy was characterized by sensitivity and
specificity of detecting NMSC using DSCMs vs standard frozen histopathologic specimens.
The diagnostic precision was calculated based on interobserver agreement and κ scores.
Paired 2-sample t tests were used for comparative means analyses before and after training.

RESULTS The average respective sensitivities and specificities of detecting NMSC were 90%
(95% CI, 89%-91%) and 79% (95% CI, 52%-100%) before training and 99% (95% CI,
99%-99%) (P = .001) and 93% (95% CI, 90%-96%) (P = .18) after training; for BCC, they
were 83% (95% CI, 59%-100%) and 92% (95% CI, 81%-100%) before training and 98%
(95% CI, 98%-98%) (P = .18) and 97% (95% CI, 95%-100%) (P = .15) after training; for SCC,
they were 73% (95% CI, 65%-81%) and 89% (95% CI, 72%-100%) before training and 100%
(P = .004) and 98% (95% CI, 95%-100%) (P = .21) after training. The pretraining
interobserver agreement was 72% (κ = 0.58), and the posttraining interobserver agreement
was 98% (κ = 0.97) (P = .04).

CONCLUSIONS AND RELEVANCE Diagnostic use of DSCMs shows promising correlation to
frozen histologic analysis, but image quality was affected by variations in image contrast and
mosaic-stitching artifact. With training, physicians were able to read DSCMs with significantly
improved accuracy and precision to detect NMSC.
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O ver 5 million cases of nonmelanoma skin cancer
(NMSC) are diagnosed annually in the United States,
with a 35% increase in incidence between 2006 and

2012.1 The growing cost of NMSC to the health care system com-
pels the refinement of current diagnostic and treatment tech-
niques. Confocal microscopy, introduced to clinical derma-
tology in 1991, has the potential to provide more rapid bedside
pathologic analysis by producing images with subcellular reso-
lution without physical sectioning.2-4 However, the clinical
implementation of confocal microscopy is impeded in part by
differences between traditional grayscale confocal images and
histopathologic slides requiring physician retraining for accu-
rate interpretation.3,5-8

To recapitulate standard histologic analysis and promote
adaptability of confocal images, we created digitally stained
confocal mosaics (DSCMs) using multimodal microscopy
(Figure 1).6,9,10 These mosaics mimicked histologic features,
including high resolution to examine cell structure, large fields
of view to analyze tissue architecture, and contrasting imaging
modes to highlight morphologic characteristics. Small, high-
resolution fields of view were stitched together to produce mo-
saics in reflectance mode.11 Fluorescence mode was added to
image acridine orange contrast of stained nuclei.12 In a prior
study,7 2 Mohs surgeons detected basal cell carcinoma (BCC)
using confocal fluorescent microscopy with a sensitivity of 97%
and specificity 89% in 149 submosaics.

While BCC has a high nuclear-to-cytoplasmic ratio,13 squa-
mous cell carcinoma (SCC) cannot be as easily diagnosed with
a single fluorescent nuclear stain. A multimodal microscope

was subsequently developed to image 3 independent modes:
acridine orange fluorescence (Figure 2A), eosin fluorescence
(Figure 2B), and endogenous reflectance (Figure 3A).10 These
3 signals mark the presence of nuclei, cytoplasm, and extra-
cellular components (such as collagen and keratin), respec-
tively. The addition of the cytoplasmic contrast by eosin fluo-
rescence enhanced the cytoplasmic details that were useful in
screening for SCC.10 In a pilot investigation using DSCMs
produced from a trimodal confocal microscope, 2 Mohs
surgeons identified SCC with 100% sensitivity and 90% speci-
ficity in 10 mosaics.10

Digital staining was incorporated pixel by pixel by math-
ematically translating the input of light intensities from the 3
microscopy modes into 3 outputs of red, green, and blue lev-
els to produce a pink-and-purple image similar to that of a
routine histologic slide stained with hematoxylin-eosin
(Figure 3B).6 The confocal images converted dark-field
images, in which bright nuclei appeared in grayscale on a black
background, into a bright-field image, in which digitally
colored structures were displayed on a white background.

To our knowledge, this is the first study to evaluate the use
of DSCMs to differentiate BCC, SCC, and negative margins in
Mohs specimens. The primary aim was to assess the sensitiv-
ity and specificity of interpreting DSCMs before and after brief
training in the technique. The interobserver agreement was also
determined before and after training.

Methods
Tissue Collection and Preparation
Mohs surgical excisions from the dermatologic surgery units
at Memorial Sloan Kettering Cancer Center and Oregon Health
& Science University were performed, and discarded tissue was
collected for confocal imaging from 2006 to 2011. Final data
analysis and interpretation took place between 2014 and 2016.
Each frozen specimen was thawed, rinsed with isotonic sa-
line, stained with 1mM acridine orange (pH, 6.0)12 or the com-
bination of 1mM acridine orange (pH, 6.0) and eosin (pH, 6.0),10

rinsed again with isotonic saline, and imaged with confocal mo-
saicing microscopy, as previously described.10,12 This study was

Key Points
Question What are the diagnostic sensitivity and specificity of
digitally stained confocal mosaic images to detect basal cell
carcinoma and squamous cell carcinoma in Mohs tissue specimens
before and after very brief training in use of the technique?

Findings In this retrospective study using 133 digitally stained
confocal mosaics from 64 Mohs tissue excisions, the average
respective sensitivities and specificities for detecting
nonmelanoma skin cancer among 3 physicians were 90% and
79% prior to training and 99% and 93% after training.

Meaning Digitally staining confocal images reduced but did not
eliminate the retraining necessary to allow Mohs surgeons to
detect nonmelanoma skin cancer with high sensitivity and
specificity.

Figure 1. Comparison of a Digitally Stained Confocal Mosaic and
Corresponding Hematoxylin-Eosin–Stained Mohs Frozen Section

Digital stainA Hematoxylin-eosinB

A, Digitally stained confocal mosaic of basal cell carcinoma. B, Corresponding
hematoxylin-eosin–stained Mohs frozen section. The lateral field of view is
2.25 mm (original magnification ×30 for both). The acridine orange fluorescent
contrast and hematoxylin highlight nuclear material in confocal and frozen
sections, respectively. The reflectance contrast and eosin denote the
cytoplasmic material in confocal and frozen sections, respectively.
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Figure 2. Trimodal Digitally Stained Confocal Mosaic Images of Invasive Squamous Cell Carcinoma, Part 1: Fluorescence Modes

Acridine orange fluorescenceA

Eosin fluorescenceB

The images include an acridine orange fluorescence mode to highlight nuclei (A) and an eosin fluorescence mode to demarcate cytoplasmic structures (B).
The lateral field of view is 4 mm.

Digitally Stained Confocal Mosaic Images of Nonmelanoma Skin Cancer Original Investigation Research

jamadermatology.com (Reprinted) JAMA Dermatology December 2016 Volume 152, Number 12 1337

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Rockefeller University User  on 10/15/2020

http://www.jamadermatology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2016.2997


Copyright 2016 American Medical Association. All rights reserved.

Figure 3. Trimodal Digitally Stained Confocal Mosaic Images (DSCMs) of Invasive Squamous Cell Carcinoma, Part 2: Reflectance and DSCM Modes

ReflectanceA

Combined modesB

500 μm

The images include a reflectance mode to show collagen and keratin (A) and the final mosaic DSCM (B), which combines the 2 modes from Figure 2 plus eosin
fluorescence from panel A. The lateral field of view is 4 mm.
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approved by the institutional review board at the New York
University School of Medicine.

Fluorescent Nuclear Contrast
A modified version of a commercial Vivascope 2000 confocal
laser-scanning microscope (Caliber ID Inc) served as the
prototype for capturing initial mosaic images.11,12,14 A 488-nm
argon-ion laser was used to illuminate tissue, and resultant
fluorescence emission was detected in the range 500 to
600 nm. The tissue was mounted, and a set of 2-dimensional
images of the tissue surface was captured using a magnifi-
cation ×30, 0.9 numerical aperture customized water-
immersion objective lens (StableView; Lucid Inc). The
images were then digitally stitched together with a Matlab-
based software algorithm (The MathWorks Inc) to create a
consolidated confocal mosaic.12 The mosaic field of view
corresponded to light microscope magnification ×2.

Multimodal Confocal Microscopy
Mosaic images were produced using a modified trimodal
confocal microscope that combined 3 imaging modes:
acridine orange fluorescence to label nuclei, eosin fluores-
cence to indicate cytoplasm, and endogenous reflectance to
identify collagen and keratin.10 An augmented version of the
VivaScope 2500 microscope (Lucid) was enhanced with a
30-mW, 488-nm diode laser (Blue Sky Research) and a
50-mW, 532-nm diode laser (Lasermate Group Inc), which
were linked with a dichroic filter (Semrock Inc). Switching
between the excitation wavelengths of 488 and 532 nm for
acridine orange and eosin fluorescence, respectively, pro-
duced absorption contrast between acridine orange and
eosin. The sum of the eosin and reflectance signals was digi-
tally stained pink to mimic the appearance of eosin in stan-
dard histologic specimens. The acridine orange mosaic was
shaded purple to imitate the appearance of hematoxylin in
standard specimens.

Study Sample and Design
Mosaics from 64 Mohs tissue samples were divided into 2 to
4 smaller submosaics to show morphologic characteristics at
higher resolution and magnification (Figure 4). All images were
reviewed by a dermatopathologist (S.A.M.), and images with
poor correlation to the frozen diagnosis were removed from
the final study set, which included 133 submosaics. Three phy-
sicians, all blinded to the frozen section diagnoses and inter-
pretations of other physicians, independently diagnosed each
DSCM as having clear margins, BCC, or SCC. The 3 physicians
included 2 Mohs surgeons (J.M.L. and J.A.C.) and a Mohs fel-
low (M.L.S.). The confocal submosaics were displayed in a ran-
dom order at magnification ×2 to ×4 on a 30-inch flat-screen
monitor (Apple Cinema Display). Mimicking pathologic ex-
amination, images could be magnified up to ×30. The partici-
pating physicians compiled their diagnoses and comments in
an Excel database (Microsoft). These answers were compared
with the original Mohs maps drawn by the Mohs surgeons at
the time of surgery. After a washout period of 6 months (prior
studies evaluating histopathologic diagnostic accuracy have
used washout periods ranging from 1 to 3 weeks15-17), the 3 phy-

sicians were given a brief training session that involved re-
viewing features of 6 example slides in 5 minutes (eAppendix
in the Supplement) and asked to regrade the study set.

Statistical Analysis
Statistical analyses were performed in Stata 11.0 for Mac
(StataCorp LP). In the analyses inclusive of all NMSC sub-
types, true positive was defined as the presence of tumor in
both the frozen section and confocal images; true negative as
no tumor in both; false positive as the presence of tumor on
confocal imaging but no tumor on frozen; and false negative
as tumor not observed on confocal imaging, but the presence
of tumor on frozen sections.

In analyses by cancer subtype, true positive indicated
matched tumor type identified on frozen sections and sub-
mosaics; false positive indicated presence of tumor on sub-
mosaics but no identifiable tumor or a different tumor type on
frozen section; false negative designated no tumor or differ-
ent tumor type on confocal imaging, but the presence of the

Figure 4. Diagram of the Selection Process for Submosaics
Included in the Study Set

40 BCC
Physician 1

17 SCC
52 Clear margins
24 Uninterpretable

44 BCC
Physician 1

35 SCC
54 Clear margins

46 BCC
Physician 2

25 SCC
58 Clear margins
4 Uninterpretable

46 BCC
Physician 2

32 SCC
55 Clear margins

44 BCC
Physician 3

43 SCC
44 Clear margins
2 Uninterpretable 

46 BCC
Physician 3

34 SCC
53 Clear margins

Before training After training

54 Submosaic excluded owing to
poor image quality

64 Specimens

48 SCC
80 Clear margins

64 Full mosaics
187 Submosaics
57 BCC

133 Submosaics
44 BCC
32 SCC

57 Clear margins

The 64 full mosaics imaged from 64 specimens were divided into 187 total
submosaics. Of these, 54 were eliminated owing to poor image quality. The final
study set included 133 submosaics. Participating physician assessments before
and after training are listed. BCC indicates basal cell carcinoma; SCC, squamous
cell carcinoma.
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specific tumor type on frozen section. The true negative defi-
nition remained the same as for generic NMSC.

Sensitivity and specificity were calculated before and
after training sessions. The interobserver agreement and κ val-
ues were calculated before and after training sessions: κ val-
ues less than 0.40 indicated slight to fair agreement; κ values
from 0.41 to 0.60, moderate agreement; κ values from 0.61 to
0.80, substantial agreement; and κ values from 0.81 to 0.99,
nearly perfect agreement.18 A paired 2-sample t tests was used
for comparative means analyses of sensitivity, specificity, and
interobserver agreement.

Results
Of the total 133 DSCMs, 44 (33%) contained residual BCC; 32
(24%), SCC; and 57 (43%), clear margins. Each mosaic was pro-
duced in an average of 9 minutes. An example of a DSCM and
the corresponding hematoxylin-eosin–stained Mohs frozen
section are shown in Figure 1.

Prior to training, the average sensitivity and specificity of
detecting residual carcinoma by DSCM were 90% (95% CI, 89%-
91%) and 79% (95% CI, 52%-100%), respectively (Table). Af-
ter training, the average sensitivity and specificity of detect-
ing residual carcinoma were 99% (95% CI, 99%-99%) (P = .001)
and 93% (95% CI, 90%-96%) (P = .18), respectively.

By cancer type, the pretraining sensitivity and specificity
for BCC were 83% (95% CI, 59%-100%) and 92% (95% CI, 81%-
100%), respectively; for SCC, 73% (95% CI, 65%-81%) and 89%
(95% CI, 72%-100%), respectively. The posttraining sensitiv-
ity and specificity for BCC were 98% (95% CI, 98%-98%)
(P = .18) and 97% (95% CI, 95%-100%) (P = .15), respectively;
for SCC, 100% (P = .004) and 98% (95% CI, 95%-100%)
(P = .21), respectively. No trends were identified by years of
experience with Mohs training and diagnostic accuracy.

Comparing agreement among the 3 physicians, we found
that the diagnostic concordance before training was 72% (95%
CI, 54%-91%; κ = 0.58), and after training it was 98% (95% CI,
97%-99%; κ = 0.97) (P = .04).

Discussion
Advances in confocal technology may expedite Mohs micro-
graphic surgery for treatment of NMSC. To our knowledge, this
is the first study to assess DSCMs for screening both SCC and
BCC in Mohs excisions. With training, the physicians de-
tected NMSC on DSCM with a high sensitivity (99%) and speci-

ficity (93%), which approximates the accuracy required for the
excellent cure rate of Mohs surgery.19-21 Notably, there was a
statistically significant improvement in sensitivity for detect-
ing NMSC after training, which can largely be attributed to the
SCC subset. By cancer subtypes, BCC and SCC were both ac-
curately diagnosed after training on DSCMs, findings which
were comparable to prior confocal studies separately study-
ing BCC7 and SCC.10

Traditional grayscale confocal microscopy requires
specialized training to interpret, which can be an impedi-
ment to adaptation of the technology.6-8,22 Prior studies have
reported training periods ranging from 30-minute oral
presentations22,23 to at least 2 months of confocal experience6,7

and found that training improved accuracy and interobserver
agreement.24 Application of digital stains to more closely mimic
the appearance of frozen histologic slides reduces the amount
of physician retraining needed. The training in this study lasted
5 minutes, which is shorter than that reported in prior stud-
ies, and resulted in a significant increase in the accuracy and
precision of reading DSCMs. Seeing examples of each diagno-
sis in the training slides allowed the physicians to recognize
similar patterns in the study set. In particular, the sensitivity
of identifying SCC improved after training as the physicians
learned to identify the distinct appearance of irregularly
shaped aggregates of atypical keratinocytes with squamous
pearls on DSCMs.

This study had a number of limitations. Of all the submo-
saics generated, 29% were removed from the study owing to
uninterpretable image quality, which was determined by a der-
matopathologist. The eliminated images would be compa-
rable to frozen slides that the Mohs surgeon would ask to be
recut in a clinical setting. Since this was not possible in the
study, the uninterpretable images were removed to maintain
integrity of the study set evaluated. In addition, while digital
staining reduces the training time required, some instruction
is still necessary for optimal diagnostic accuracy using DSCMs.
In contrast to frozen histologic analysis, the submosaics in
this study were noted to have uneven image contrast and mo-
saicing artifact. Inconsistent contrast staining can result from
irregular diffusion of stains into tissue, focal plane differ-
ences, and uneven specimen positioning on the glass plat-
form. Moreover, stitching within mosaics is necessary to
create images with both a greater field of view and higher cel-
lular resolution. However, stitching can generate duplicate
structures or obscure morphologic characteristics. These tech-
nical limitations inherent to the available technology are being
addressed to better adapt confocal microscopy for future
clinical use.

Table. Mean NMSC Sensitivity and Specificity Achieved by the 3 Participating Physicians Using DSCMs Before and After Training

Characteristic

All NMSC (n = 76) BCC (n = 44) SCC (n = 32)

Before After P Value Before After P Value Before After P Value
Sensitivity, % 90 99 .001a 83 98 .18 73 100 .004a

Specificity, % 79 93 .18 92 97 .15 89 98 .21

Abbreviations: BCC, basal cell carcinoma; DSCMs, digitally stained confocal mosaic images; NMSC, nonmelanoma skin cancer; SCC, squamous cell carcinoma.
a P < .05 indicates a statistically significant difference.
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Conclusions

Confocal microscopy in dermatology has undergone impres-
sive advances over the past 2 decades. The incorporation of

digital staining to mimic histopathologic appearance reduces
but does not yet eliminate the need for physician retraining
to screen BCC and SCC in Mohs excisions. Future develop-
ments in confocal microscopy will further improve the adapt-
ability in confocal technology in dermatologic surgery.
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