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Background and Significance: The standard diagnostic
procedure for skin cancers is invasive biopsy followed by
histopathological evaluation. The biopsy may result in
scarring and infection. A reliable way to noninvasively
image suspicious lesions with high resolution and contrast
would be valuable. In this study, the suitability of dye-
enhanced multimodal confocal microscopy for the detection
of nonmelanoma skin cancers was evaluated.

Materials and Methods: For the experiments we used
fresh tumor material stained using 0.2 mg/ml or 0.05 mg/ml
aqueous solutions of methylene blue (MB) or toluidine blue
(TB), respectively. Reflectance, fluorescence, and fluores-
cence polarization images of skin specimens stained with
MB and TB were excited by 656 nm and 633 nm light,
respectively. Fluorescence emission and anisotropy were
registered between 690 nm and 710 nm. In addition,
reference reflectance images at 830 nm were acquired.
In total we imaged, analyzed, and compared to histo-
logy at least 10 samples of each tumor-type including
nodular basal cell carcinoma (BCC), infiltrative basal cell
carcinoma, and squamous cell carcinoma (SCC).

Results and Conclusion: The morphological features and
appearance of skin structures in the fluorescence images
correlate well with corresponding histology for all inves-
tigated tumor-types. Multi-spectral reflectance images
provide information on the tissue spectral responses and
are complimentary to the fluorescence images. The differ-
ences detected by fluorescence polarization in cancerous
and normal structures may be used for cancerous tissue
discrimination. Our results indicate the feasibility of
using multimodal confocal microscopy as real-time tool
for detecting skin pathology. Lasers Surg. Med. 39:696—
705,2007. © 2007 Wiley-Liss, Inc.
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INTRODUCTION

Real time identification of malignant cells and small
tumor nests is one of the major challenges in oncology. Due
to the unprecedented resolution, comparable to that of
histopathology, confocal microscopy has a potential for
solving this problem. This potential was recognized more
than 10 years ago. Since then there have been numerous
attempts to use this technology as an aid in diagnostics
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[1-3] and treatment guidance [4—7] of skin cancers.
Endogenous (melanin [8-10]) and exogenous (aluminum
chloride [4] and acetic acid [5]) contrast agents provide
strong contrast in scattering, thus facilitating the process of
detecting pathology. However, morphological appearance
of skin structures in the images differs significantly from
that in histopathology. These differences complicate the
image interpretation by pathologists and impede the
translation of this promising optical technique into clinical
practice. Currently, extensive training is required for
the reliable interpretation of confocal images. In addition,
several reports indicate that small tumor foci are not
consistently identified [7]. Therefore, the questions of the
sensitivity and specificity, provided by confocal imaging
should also be addressed. Highly specific markers, suitable
for the in vivo use, could solve this problem. To the best of
our knowledge there are no 100%-specific nontoxic contrast
agents for human cancers available so far. There exist
several specific immunohistochemical stains for nonmela-
noma skin cancers that are used in histopathology [11,12].
However, all these stains are toxic and cannot be applied in
humans in vivo.

In this contribution we investigated the feasibility of
using dye-enhanced multimodal, reflectance, fluorescence,
and fluorescence polarization confocal microscopy for the
reliable detection of nonmelanoma skin cancers, that is,
basal cell carcinoma (BCC) and squamous cell carcinoma
(SCC). We used conventional histological stains, that is,
methylene blue (MB) and toluidine blue (TB) that are
nontoxic at low concentrations for tissue staining. These
chromophores are not 100% cancer specific. However, they
were reported to be preferentially retained in cancerous
tissue [13,14]. TB and MB have been used in clinical
practice for staining various carcinomas in vivo [15-19].
Our recent studies have shown that the staining pattern
provided by these dyes in thick fresh skin excisions is
remarkably similar to that of conventional hematoxylin
and eosin (H&E) histopathology [6,20,21]. In this in vitro
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pilot trial we imaged fresh thick human nonmelanoma skin
cancer specimens stained in TB or MB using multimodal
confocal microscopy. Multi-spectral reflectance, fluore-
scence emission, and fluorescence polarization images were
acquired and compared to H&E histopathology processed
from the same tissue block with the goal of establishing
the feasibility of using dye-enhanced multimodal confocal
microscopy for diagnosing nonmelanoma skin cancers.

MATERIALS AND METHODS

Contrast Agents

Commercially available fluorescent dyes, that is, MB
(MB 1% injection, USP, American Regent Laboratories,
Inc., Shirley, NY) and TB (TB 1% AQ, LLC26165-1, Fischer
Scientific Company, Pittsburgh, PA) were used for
staining. Both fluorophores belong to the family of
phenothiazinium dyes. Absorption and fluorescence spec-
tra of TB and MB are presented in Figure 1A and B,
respectively. These dyes are conventional histological
stains that are not toxic at low concentrations. TB is often
considered the preferred histological stain for BCC [22,23].

Sample Preparation and Handling

Fresh tumor material was received from Mohs micro-
graphic surgeries performed at the Dermatologic Surgery
Unit of Massachusetts General Hospital. The experiments
were performed according to a protocol approved by the
Institutional Review Board of Massachusetts General
Hospital. We used fresh skin excisions that were obtained
within 40 minutes after Mohs micrographic surgeries. The
tissue was briefly stained [up to 2 minutes] with 0.05 or
0.2 mg/ml DPBS solution of TB or MB, respectively. To
remove dye excess the specimens were briefly rinsed [up to
5 minutes] in isotonic Dulbecco’s phosphate-buffered
solution (DPBS, pH 7.4). After staining, the tissue was
imaged.
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Confocal Microscopy and Image Processing

The schematic of the confocal microscope that was used
for the experiments is presented in Figure 2. The micro-
scope employs linearly polarized collimated light that is
emitted by a He-Ne laser (633 nm) or diode lasers (656 nm
and 830 nm). The excitation beam is directed onto the
nonpolarizing beam splitter that provides 70% trans-
mission and 30% reflection of the incident light in the
wavelength range between 600 nm and 1,000 nm. The
dichroic mirror is used to transmit the elastically scattered
light and reflect the fluorescence emission coming from the
sample. A narrow band pass filter (maximal transmission
at 700 nm, full width at half maximum of 20 nm) is used in
the fluorescence detection channel to further reject excita-
tion light. The two orthogonal fluorescence polarization
states are registered sequentially using a rotating linearly
polarizing filter, a pinhole, and a photomultiplier tube.
Thirty percent of the confocal reflectance signal from the
sample is deflected by the 70/30 beam splitter, focused onto
a pinhole, and registered by another photomultiplier tube.
The system provides an axial resolution of 5—6 pm and a
lateral resolution better than 1.2 pm in the range from
600 nm to 1,000 nm.

Reflectance, fluorescence, and fluorescence polarization
of TB and MB were excited using 633 nm and 656 nm
laser light, respectively. Reflectance images at 830 nm were
acquired from all the specimens as a reference.

The confocal system may exhibit different efficiencies for
the detection of different polarization states of the light. To
enable accurate detection of the two orthogonally polarized
components of fluorescence emission unbiased by the
detection system, it was calibrated in a standard manner
as described elsewhere [25]. The calibration factor, G, was
found to be equal to 0.94.

Fluorescence polarization images of the tissues were
calculated using the formula:
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Fig. 1. Absorption and fluorescence of the aqueous solutions of (A) TB and (B) MB.TB was
excited at 633 nm and MB was excited at 656 nm. Fluorescence and fluorescence polarization
signals were registered between 690 and 710 nm.
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Fig. 2. Schematic of the confocal microscope.
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where F' is a fluorescence polarization image, G is the
calibration factor, F, and F..ss are co- and cross-polarized
fluorescence emission images, respectively.

Histopathology

Horizontal sections were prepared from the same tissue
that was imaged in the following way. Tissue was frozen in
an optimal cutting temperature compound and processed
in the standard horizontal sectioning technique of Mohs
[23,24]. Five micron-thick sections were transferred to
glass slides and stained with hematoxylin and eosin. These
frozen H&E sections were then compared to the confocal
images obtained from approximately the same depth of the
excision.

RESULTS AND DISCUSSION

In total, we have imaged 37 samples including 17 samples
with nodular and micro-nodular BCC, 10 samples with
infiltrative BCC, and 10 samples with invasive SCC. The
resulting reflectance, fluorescence, and fluorescence polar-
ization images were compared to the en face frozen H&E
histopathological sections, processed from the same piece of
tissue that was previously imaged. In all the cases the
confocal images correlated well with the corresponding
histopathology. Example images of nodular, infiltrative, and
SCCs are presented in Figures 3—10.

In Figure 3 we compare the fluorescence (Fig. 3A) and
reflectance (Fig. 3B—C,) confocal mosaics of a large
(11 mm x 6.3 mm), thick (4 mm), fresh nodular BCC
sample to the frozen H&E section (Fig. 3D) processed
from the same tissue block. Figure 4 features the magni-
fied images of tumor nodules. The sample was stained in
0.2 mg/ml aqueous solution of MB. It is worth noting that
the ideal correlation of a confocal image and histology
cannot be achieved because the image and the histo-
logical section cannot be acquired exactly from the same
plane. Nonetheless, reflectance and fluorescence confocal
mosaics, registered from the thick piece of cancerous skin,
and an image of 5 pm thick histopathological section
demonstrate similar features. In the images, “t” refers to
cancer nodules, “e”—epidermis, “h”—to hair follicle, “1”—to
fat tissue (lipids), “s”—to fibrous septa, “g”—to sebaceous
gland, “i"—to inflammatory infiltrate, and *—to surgical
suture.

The nodular (solid) type of BCC accounts for approxi-
mately 70% of all BCC cancers. In the H&E histopathology,
this type of tumor is characterized by round or oval tumor
islands of cells with peripheral palisading and unorganized
central cells. The tumor cells usually have large, hyper-
chromatic, oval nuclei, and little cytoplasm. The cells are
uniform, and mitosis, if present, is minimal. There is often
an increased mucin content in the surrounding dermal
stroma. Retraction spaces (cleft formation) can usually be
observed between the islands and the stroma. Early
nodular BCC lesions usually have some connection to the
overlying epidermis.
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Fig. 3. Nodular BCC. Field of view 11.0 mm x 6.3 mm. (A) Fluorescence image. (B) Reflectance
image at 656 nm. (C) Reflectance image at 830 nm. (D) H&E histopathology. In the images
“e” refers to epidermis, “h”— to hair follicle, “I”’— to fat tissue, “g” — to sebaceous gland,

“i”
suture.

BCC tumor in the fluorescence image shown in Figure 3A
can be distinguished from other structures by high
fluorescence signal and its morphological appearance,
similar to that of histopathology, presented in Figure 3D.
Cancer is well demarcated from the benign epidermal
and dermal structures. The stronger fluorescence of the
peripheral cell layer as compared to the rest of the tumor,
which can be clearly seen in the magnified fluorescence
image of tumor nodules, as shown in Figure 4A, corre-
sponds to the characteristic peripherally palisading cell
pattern that is present in the histopathology examination
(Fig. 4D).

High concentration of MB makes BCC nodules appear
dark in the reflectance images acquired at 656 nm.
High contrast of cancer islands helps in delineating it
from other structures. Prominent trabecullae and septa
separating BCC nests from each other, gives the tumor
a unique three-dimensional (3D) appearance (see “s” in
Fig. 3B). It allows for reliable discrimination of cancerous
tissue. This 3D appearance cannot be observed in
standard H&E histopathology. Thus, confocal imaging
may improve current understanding of 3D structures
of dermatopathological specimens and can also be used

—toinflammatory infiltrate, “s” —to septa, and “t” —to cancer nodules.

[z

indicates surgical

for examination of 3D tumor invasion patterns. As a
result, confocal microscopy may contribute to the differ-
ential diagnosis of malignant tumors. Images acquired at
656 nm correlate well with histopathology. However, in
our opinion, the comparison of fluorescence images with
H&E histopathology is more straightforward due to
striking similarities in morphological appearance of the
structures.

In confocal reflectance mosaics acquired at 830 nm
nodular BCC appears lighter as compared to those acquired
at 656 nm. This is to be expected, as MB does not absorb
light at 830 nm. The tumor and other skin structures
can be recognized at this imaging wavelength but are
not demarcated well, as the overall contrast is lower in
comparison with fluorescence (Figs. 3A, 4A) and 656 nm
reflectance (Figs. 3B, 4B) images.

Example images of the infiltrative BCC specimen are
shown in Figures 5 and 6. Thisis a large and thick specimen
(18 mm x 8 mm x 5 mm). It was stained in 0.05 mg/ml
aqueous solution of TB. Cancerous tissue is present in the
central and right-hand side of the sample. In the images, “t”
refers to infiltrative tumor strands, “e”—to epidermis,
“h”—to hair follicle, “I”—to fat tissue (lipid), “m”—to
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Fig. 4. Nodular BCC. Field of view 1.8 mm x 2.2 mm. (A) Fluorescence image. (B) Reflectance
image at 656 nm. (C) Reflectance image at 830 nm. (D) H&E histopathology. In the images “s”

refers to septa and “t” — to cancer nodules.

arterial wall muscle, “g”—to sebaceous gland, and “f"—to
fibrous stroma.

Infiltrative BCC is the most aggressive type of BCC with
the highest potential for metastases. Upon H&E examina-
tion, infiltrative BCC is characterized by multiple small
strands and nests that infiltrate the dermis and, in
rare instances, the subcutaneous fat, and muscle. Those
small 4-8 cell wide strands are composed of atypical
basaloid cells arranged in an angulated spiky configura-
tion. Peripheral palisading is rare and stromal retraction
is minimal. The surrounding dermal stroma is fibrotic
with minimal mucus and inflammatory infiltration. The
tumor is poorly circumscribed. These features make
histopathological diagnosis of infiltrative BCC somewhat
challenging.

It has been reported in the literature [5,7] that detection
of infiltrative BCC using acetic acid as a contrast agent and
infrared reflectance confocal microscopy as an imaging
technique is difficult. The problem arises because this type
of BCC contains very thin strands of cancer cells imbedded
within the dermis. Rinsing BCC tumors in acetic acid leads
to enhanced scattering of cancerous cells [4]. At the
same time, collagen exhibits intrinsically high scattering.
Thus, reliable differentiation of infiltrative cancerous
lesions, which reside in close proximity to collagen, is not
feasible.

Example images presented in Figures 5 and 6 demon-
strate that MB staining helps to solve the problem
of detecting infiltrative BCCs. In the fluorescence
images presented in Figures 5A and 6A, tumor strands of
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Fig. 5. Infiltrative BCC. Field of view 18.0 mm x 8.0 mm. (A) Fluorescence image. (B) Reflec-
tance image at 633 nm. (C) Reflectance image at 830 nm. (D) H&E histopathology. In the

images “e” refers to epidermis, “h” — to hair follicle, “1” — to fat tissue, “g” — to sebaceous
gland, “m” — to the blood vessel muscle, and “t” — to infiltrating tumor strands.

Fig. 6. Infiltrative BCC. Field of view 2.1 mm X 4.3 mm. (A) Fluorescence image. (B) Reflec-
tance image at 633 nm. (C) Reflectance image at 830 nm. (D) H&E histopathology. In
the images “e” refers to epidermis, “h” — to hair follicle, “f” — to fibrotic stromal response, and
“t” — to infiltrating tumor strands. The dashed and solid arrows point towards the upper and
the lower layers of epidermis, respectively.
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morphea-form BCC are bright due to the high uptake of the
MB. Surrounding collagen does not accumulate the dye and
does not exhibit significant fluorescence in the wavelength
range between 690 nm and 710 nm, as compared to
MB. Infiltrative BCC is apparent in the image and can be
distinguished from other structures by the infiltrative
pattern within the dermis and surrounding the hair
follicles. The characteristic small tumor strands and
nests with their spiky configurations can be recogniz-
ed by the high level of fluorescence in the magnified
image of cancer affected part of the specimen pre-
sented in Figure 6A. They are marked in the image
with “t”. Tumor appearance is similar to that in the
histopathology examination shown in Figure 6D. The
location and shape of the tumor nests in the fluorescence
image correlate well with those in the histopatho-
logy. Thus, fluorescence confocal microscopy combined
with MB staining is capable of detecting this complex
sub-type of BCC.

In confocal reflectance mosaics excited at 633 nm and
830 nm, presented in Figure 5B and C, respectively,
infiltrative BCC cannot be clearly delineated. However,
the fibrotic stromal response can be recognized in the
magnified images shown with “f” in Figure 6B and C.

In Figures 7 and 8, confocal images of the sample with
invasive SCC are compared to H&E histopathology. This

AL-ARASHI ET AL.

comparatively large specimen (12 mm x 6.1 mm x 3 mm)
was stained in a 0.2 mg/ml aqueous solution of MB. In the
images, “t” refers to the islands of SCC, “e”—to epidermis,
“h”—to hair follicle, and “g”—to sebaceous gland.

Invasive SCC is a malignancy of epidermal keratinocytes
in which atypical keratinocytes extend from the epidermis
into the dermis. They are arranged in elongated strands.
Randomly oriented small nests of keratinocytes with
varying shapes and sizes invade the dermis and form
a reticular growth pattern (or an elongated stabbing
pattern). Usually, there is a connection of the tumor to
the epidermis.

In the fluorescence image presented in Figures 7A and
8A, invasive SCC is apparent and can be easily discri-
minated from other structures, as it exhibits high fluo-
rescence. Dermal invasion and the stabbing growth pattern
in the fluorescence images are manifested similarly to those
in the H&E histopathology. There are some areas with
epidermal continuity (shown with solid arrow in Fig. 8A)
and irregular epidermal hyperplasia (shown with dashed
arrow in Fig. 8A). The characteristic elongated strands and
randomly oriented small cancer nests that invade the
dermis and form a reticular growth pattern in H&E
histopathology images (Figs. 7D, 8D) can also be found in
the fluorescence images (Figs. 7A, 8A). The tumor in the
confocal fluorescence image has well-defined margins.

Fig. 7. Invasive SCC. Field of view 12.0 mm x 6.1 mm. (A) Fluorescence image. (B) Reflectance
image at 656 nm. (C) Reflectance image at 830 nm. (D) H&E histopathology. In the images “e”
refers to epidermis, “h” — to hair follicle, “g” — to sebaceous gland, and “t” — to tumor islands.
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Fig. 8. Invasive SCC. Field of view 4.4 mm x 3.0 mm. (A) Fluorescence image. (B) Reflectance
image at 656 nm. (C) Reflectance image at 830 nm. (D) H&E histopathology. In the images “e”
refers to epidermis, “h” — to hair follicle, and “t” — to tumor islands, and “r” — to the reticular
pattern. Solid arrow points towards the tumor areas of epidermal continuity and dashed arrow

points toward the epidermal hyperplasia.

In the confocal reflectance mosaics acquired at 656 nm
(see Figs. 7B, 8B) invasive SCC cannot be reliably dif-
ferentiated from the other surrounding structures. Its
stabbing pattern can be hardly appreciated because of
the ill-defined tumor margins. Apparently, SCCs do not
accumulate as much dye as BCCs, and consequently, are
harder to delineate in the reflectance image, acquired
within the absorption band of the dye.

In the confocal reflectance mosaic acquired at 830 nm,
presented in Figures 7C and 8C, the stroma of invasive
SCC appears as elongated bright islands that invade
the dermis and form a reticular growth pattern (shown
with “r” in Fig. 8C). The tumor exhibits continuity
with the epidermis. The prominent elongated strands
of this pattern, in Figure 8C, give it a unique three-
dimensional (3D) appearance which cannot be seen in H&E
histopathology. As in the case with nodular BCC, multi-
modal confocal imaging of SCC can be used for examination
of 3D tumor invasion patterns and may contribute to the
differential diagnosis of cancers.

Analysis of the benign structures present in the fluore-
scence images demonstrates that the lower layers, that is,
stratum basale & stratum spinosum, of epidermis are
brighter than the upper layer, stratum granulosum (see,
e.g., Fig. 6A). In the images, the dashed and solid arrows
point toward the upper and the lower layers of epidermis,
respectively. In the fluorescence images (see, e.g., Figs. 6A,

7A) the hair follicles (indicated by “h”) and shafts appear
similar to those in histopathology (see, e.g., Figs. 6D, 7D).
Epidermal lining of the hair follicles can also be appreci-
ated. These structures are less apparent in reflectance
images. Similarly, in the fluorescence images in Figure 7A,
the sebaceous glands (indicated by “g”) mimic the appea-
rance of the same structure in histopathology, as shown in
Figure 7D. The sebaceous glands in the reflectance images
are dark and can be easily confused with the hair follicles
(see, e.g., Fig. 7B,C). In contrast to the appearance of the
hair follicles and sebaceous glands, collagen is bright in
the reflectance image at 656 nm due to the high scattering
of its fibers (see, e.g., Fig. 3B) and cannot be identified in
fluorescence image (Fig. 3A). The subcutaneous fat tissue,
indicated by “1”, appears as distinct groups of unique
translucent black fat globules separated by prominent
delicate fibrous septa, indicated by “s” (see Fig. 3B,C).
Interestingly, in fluorescence images (Fig. 3A), in exact
correlation with histopathology (Fig. 3D), we can see the
trapped fat cells in the upper dermis, where the skin
was biopsied for pathology confirmation prior to Mohs
microsurgery. In fluorescence and histopathology images,
presented in Figure 3A and D, respectively, in the upper
dermis, where the biopsy was taken, we can recognize
the surgical sutures surrounded by fibrous and scar
tissue. In all confocal images the blood vessel muscle,
indicated by “m” in Figure 5A—C, appears as a bright
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Fig. 9. Fluorescence emission images of (A) micro-nodular BCC, field of view 1.3 mm x
1.9 mm; (B) infiltrative BCC, field of view 1.3 mm x 1.9 mm, and (C) invasive SCC, field
of view 1.7 mm X 1.4 mm. In the images “g” refers to sebaceous gland, “h” — to hair follicle,

733}
1

“c” — to collagen matrix,

longitudinal structure, deep in the dermis. Its shape
and position correlates well with histopathology, as
shown in Figure 5D. The inflammatory infiltration can be
clearly detected in the fluorescence image in Figure 3A due
to close correlation with histopathology presented in
Figure 3D.

The results obtained using polarized light macro-
imaging indicate that fluorescence polarization values
registered from cancer are significantly higher than those
obtained from normal skin structures [21]. However, in
the macro-images observed higher values of fluorescence
polarization from malignant tissue may be caused by
the lower scattering coefficient of the latter. To investigate
this phenomenon further, we have acquired confocal
fluorescence polarization images and compared them with
fluorescence emission images. Example images comparing
fluorescence emission and fluorescence polarization for
micro-nodular BCC, infiltrative BCC, and invasive SCC are
presented in Figures 9A—C and 10A-C, respectively. All
BCC specimens were stained in a 0.05 mg/ml aqueous
solution of TB, whereas the SCC specimen was stained in a
0.2 mg/ml aqueous solution of MB. In the Figures 9 and 10,
“t” refers to the tumor, “g”—to sebaceous gland, “h”"—to
hair follicle, “c”—to collagen matrix, and “i"—to inflamma-
tory infiltrate. The Figure 9A—C demonstrate that several
skin structures, such as the collagen matrix, hair follicles,

— to inflammatory infiltrate, and “t” — to tumor islands.

sebaceous glands, and inflammatory infiltrate, may appear
similar to cancer in the fluorescence emission images. All
these skin components and appendages uptake some
dye and appear bright in fluorescence emission images.
This ambiguity is resolved in the fluorescence polarization
(FP) images. In the FP images shown in Figure 10A-C,
malignant tissue is much brighter than other normal
(sebaceous glands, hair follicles, and collagen) and patho-
logical (inflammatory infiltrate) structures. The quantita-
tive analysis of the images shown in Figure 10 confirms
that the average values of fluorescence polarization
in cancer equals to 0.27 +0.01 and is higher, as compared
to collagen (F'=0.18 +0.01), sebaceous glands (F=0.13 +
0.04), inflammatory infiltrate (#=0.11+0.04), and hair
follicles (F =0.21 4 0.02). Therefore, fluorescence polariza-
tion imaging of the tissues involved with cancer may
provide the means for the reliable discrimination of
malignancies.

CONCLUSIONS

To summarize, the data presented above strongly
support the feasibility of using multimodal confocal micro-
scopy in combination with the selected contrast agents, that
is, MB and TB, for detecting nonmelanoma skin cancers
and for guiding tumor excision surgery. The developed

Fig. 10. Fluorescence polarization images of (A) micro-nodular BCC, field of view 1.3 mm x
1.9 mm; (B) infiltrative BCC, field of view 1.3 mm x 1.9 mm;and (C) invasive SCC, field of view
1.7mm x 1.4 mm. In the images “g” refers to sebaceous gland, “h” — to hair follicle, “c” — to

@
1

collagen matrix,

— to inflammatory infiltrate, and “t” — to tumor islands.
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technique is capable of acquiring high quality images of
SCCs and BCCs, including morphea form BCC. The
fluorescence confocal images demonstrate that cancerous
structures, stained using MB or/and TB, exhibit staining
patterns similar to those of frozen H&E and are easily
recognizable. As can be seen from the images presented in
Figures 3-9, the appearance of healthy skin structures,
such as the epidermis, collagen, hair follicles, sebaceous
glands, and eccrine glands, is also similar in the optical and
histopathology images. The data presented above indicate
that fluorescence emission images mimic the morphological
appearance of cancerous and normal skin structures
in frozen H&E histopathology, whereas multi-spectral
reflectance images provide complimentary information on
the dye distribution and spectral responses of imaged
tissues. We have shown that fluorescence polarization
imaging has the potential to increase the sensitivity and
specificity of confocal microscopy to detect skin cancers, due
to the higher fluorescence polarization signal registered
from malignant tissue as compared to other normal and
pathological structures (see Fig. 10). MB and TB are
nontoxic at low concentrations and safe for in vivo use.
These dyes may be either applied topically or injected
subcutaneously into the suspicious lesion. Therefore,
future technological and clinical developments of multi-
modal confocal microscopy may enable inspection of suspi-
cious skin areas for the presence of cancer without invasive
biopsy, whereas rapid acquisition of confocal images during
cancer surgery may enable optical guidance of cancer
treatments in vivo and in real time.
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