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Abstract. Breast cancer management could be improved by developing real-time imaging tools to assess tissue 
architecture without extensive processing. We sought to determine whether confocal fluorescence microscopy 
(CFM) provides sufficient information to identify neoplasia in breast tissue. Breast tissue specimens were imaged 
following proflavine application. Regions of interest (ROIs) were selected in histologic slides and in the correspond-
ing region on confocal images, and then divided into sets for training and validation. Readers reviewed images in 
the training set and evaluated images in the validation set for the presence of neoplasia. Accuracy was assessed 
using histologic diagnosis as the gold standard. Seventy tissue specimens from 31 patients were imaged; 235 ROIs 
were identified and diagnosed as neoplastic or non-neoplastic. A training set was assembled using 23 matched 
ROIs; 49 matched ROIs were assembled into a validation set. Neoplasia was identified in histologic images: 
93% sensitivity, 97% specificity [area under the curve (AUC ¼ 0.987)] and in confocal images: 93% sensitivity 
93% specificity (AUC ¼ 0.957). CFM produced images of architectural features in breast tissue comparable 
with conventional histology, while requiring little processing. Potential applications include assessment of excised 
tissue margins and evaluation of tissue adequacy for bio-banking and genomic studies. © The Authors. Published by SPIE 
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1 Introduction 
Approximately one in eight women in the United States will 
develop breast cancer in their lifetime.1 An estimated 207,000 
new cases of breast cancer will be diagnosed in the United States 
in the next year, and approximately 40,000 U.S. women will die 
of this disease in the same period.2 Currently, histologic assess-
ment is the gold standard for differentiating neoplastic from 
non-neoplastic lesions to diagnose breast cancer. However, his-
tologic assessment has limitations including the requirement for 
extensive tissue processing, and it takes several days to complete 
preparation before samples can be assessed by pathologists. 
Furthermore, if cores or tissue excised are inadequate for clinical 
diagnosis or research applications, an additional tissue excision 
procedure must be performed. Frozen section pathology can be 
performed the same day of tissue excision;3,4 however, frozen 
section has shown to be limited by sampling variability, 
which can lead to false negatives.5,6 Breast pathology experts 
in the United States7 and Europe8,9 do not recommend frozen 
section for breast lesions which cannot be identified by macro-
scopic examination, which are smaller than 10 mm in size, and 
for which a preoperative diagnosis is not possible.7,8,10 Fine 

needle aspiration cytology can also be used for rapid breast 
lesion assessment,5,8 but does not preserve tissue architecture 
in the context of the lesion microenvironment. There is a 
need for a rapid technique that provides high-resolution mor-
phologic detail to differentiate neoplastic from non-neoplastic 
breast lesions in real time and to inform the management of 
breast disease. 

Confocal microscopy is an emerging tool that may address 
the limitations of current histologic approaches by providing 
images of tissue architecture and morphology with subcellular 
resolution in real time without the need for extensive tissue 
processing.11–15 Confocal fluorescence images can be obtained 
in either reflectance or fluorescence mode. When used following 
topical application of acetic acid, confocal reflectance micros-
copy can be used to acquire high-resolution images of excised 
breast tissue that reveal cellular and nuclear morphological 
features characteristic of neoplasia.16 Application of proflavine 
enhances contrast in confocal images by staining DNA within 
nuclei. Proflavine was recently used as an optical contrast agent 
to assess Barrett’s esophagus and axillary lymph nodes,17–19 and 
results from these studies demonstrate that fluorescence micros-
copy with proflavine yields images with morphologic detail that 
is visually comparable with that of histologic sections. 

The goal of this work was to determine whether confocal 
fluorescence images of fresh human breast tissue provide 
sufficient information to enable discernment of neoplastic and 
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non-neoplastic breast features. To achieve this goal, we charac-
terized the microscopic features of normal, benign, and neo-
plastic breast biopsies visible using confocal microscopy and 
assessed diagnostic accuracy using these features compared 
with the gold standard of histology. 

2 Materials and Methods 
Patients were eligible for the study if they were undergoing 
surgery for breast cancer or ultrasound-guided core-needle 
breast biopsy for untreated, newly diagnosed inflammatory 
breast cancer.20 The study protocol was reviewed and approved 
by the institutional review boards of The University of Texas 
MD Anderson Cancer Center and Rice University, and each par-
ticipant gave written informed consent. Thirty-one patients with 
known primary breast cancer, who presented for imaging stag-
ing or for surgery, agreed to participate in the study between 
November 2010 and February 2012. A total of 70 tissue 
specimens were collected: 62 specimens were obtained from 
23 patients who underwent a surgical excision procedure, and 
8 specimens were obtained from 8 patients who underwent 
a core-needle biopsy procedure. Of the specimens imaged, 
25 consisted of normal or benign tissue, 11 were diagnosed 
as ductal carcinoma in situ (DCIS), 19 as invasive ductal carci-
noma (IDC), 13 as invasive lobular carcinoma (ILC), and 2 as 
mucinous carcinoma. 

For surgical specimens, two specimens (approximately 15 × 
15 mm2 in size, with thickness varying between 2 and 7 mm) 
were taken from excised tissue within 10 min of resection: one 
specimen was selected from a grossly normal-appearing region 
and the other from an area that appeared grossly to contain neo-
plastic tissue. For core-needle biopsy specimens, a single core 
of breast tissue was obtained within 5 min of the procedure; 
core biopsy specimens were typically 1 × 4 × 12 mm3 in size. 
Specimens were kept moist in isotonic phosphate buffered saline 
(PBS) (pH ¼ 7.4) prior to imaging. Imaging was performed in 
vitro within 10 min of tissue removal. The superficial cell layers 
of fresh tissue specimens were stained before imaging by apply-
ing 0.01% proflavine in sterile PBS to the surface for 1 min.21 

Proflavine is a fluorescent topical antiseptic, and it preferentially 
stains nuclei and has been used previously as a contrast agent for 
fluorescence confocal microscopy.17,18 Proflavine has an excita-
tion maximum of 460 nm and an emission maximum of 530 nm. 
After staining, tissue specimens were washed for 1 min in iso-
tonic PBS. A white-light photograph was taken with a digital 
camera to record tissue shape and gross appearance. 

Confocal fluorescence images of each specimen were 
obtained using a scanning confocal microscope (Vivascope 
2500®; Caliber Imaging and Diagnostics Inc., Rochester, 
New York). Images were obtained at 488-nm excitation with 
a 550 44 nm bandpass filter using a 30× water immersion 
objective lens with a numerical aperture of 0.8. At these settings, 
the lateral resolution was 1.0 μm at the center of the region of 
interest (ROI), the axial resolution was 5.0 μm at the center 
of the ROI, and the ROI was 750 × 750 μm2 . Images were 
acquired at a frame rate of 9 frames per second. 

Tissue specimens were positioned on the microscope stage. 
The imaging depth was set to acquire images from the super-
ficial cell layers of the tissue specimen and up to 60 μm into 
the tissue surface. Illumination power was initially set to 
2.0 mW ( 0.4 mW) and manually adjusted to maximize signal, 
while avoiding saturation. For the surgical specimens, the stage 
was scanned to obtain images from adjacent ROIs at the same 

axial depth in a grid pattern to create a composite image with a 
maximum area of 12.2 × 12.2 mm2. For the core-needle biopsy 
specimens, the composite images comprised the surface of the 
entire specimen, which is approximately 4 × 12.2 mm2. For  
each specimen, a series of three composite images was acquired 
at three different axial depths in increments of 20 μm beneath the 
surface. Total imaging time for each specimen was approxi-
mately 10 min. After imaging, each specimen was placed in 
a tissue cassette, fixed in 10% buffered formalin, and submitted 
for routine processing and histologic assessment by a dedicated 
breast pathologist. 

Composite confocal images were visually compared with 
images of hematoxylin and eosin (H&E)-stained tissue sections 
at 4× magnification to identify ROIs with similar prominent 
architectural features. Confocal and histologic images of 
these areas were examined at higher magnification; single 750 × 
750-μm2 ROIs obtained with the confocal microscope were 
compared to histologic images at 10× magnification (Fig. 1). 
Matched ROIs containing features that had similar appearances 
in the histologic slides and the corresponding confocal micros-
copy images were selected by two observers blinded to the his-
tologic diagnosis (authors Dobbs and Ding); a board-certified, 
dedicated breast pathologist (author Krishnamurthy) reviewed 
the H&E-stained image of each of these matched ROIs and pro-
vided a diagnosis using standard histologic criteria.22 The con-
focal images of the matched ROIs were examined and compared 
with the corresponding histologic image to establish which fea-
tures of neoplastic and non-neoplastic breast tissues could be 
imaged using confocal fluorescence microscopy (CFM) with 
proflavine staining; the procedure for identifying matching 
ROIs is shown in Fig. 1. The matched ROIs were used to assess 
the ability of pathologists to identify the presence of neoplasia in 
a confocal fluorescence image. 

To investigate the intensity of proflavine staining versus his-
tologic diagnosis, the mean fluorescence intensity was calcu-
lated for a representative group of ROIs from each diagnostic 
category. Confocal fluorescence images were manually seg-
mented to isolate regions with morphology of interest including 
nonhyperplastic ducts, hyperplastic ducts, DCIS, and IDC. 
Fluorescence intensity was normalized by the laser power 
used for image acquisition, and a mean fluorescence intensity 
value was measured for each region by calculating the average 
pixel brightness over the area of the region. Statistical analysis 
of mean fluorescence intensity was performed using Student’s 
t-test. 

To compare the performance of CFM and conventional histol-
ogy, a validation study was performed using corresponding confo-
cal and histologic images to calculate the sensitivity and specificity 
of these techniques for distinguishing between neoplastic and non-
neoplastic breast features. A subset of matched confocal and his-
tologic images was selected for use as a training set; these images 
were displayed side-by-side to familiarize readers with features of 
neoplasia visible in confocal fluorescence images. A subset of the 
remaining matched ROIs was used to create a validation set to com-
pare the ability of readers to identify the presence of neoplasia in 
either confocal fluorescence images or standard histologic images. 
Readers first reviewed the training set for approximately 10 min. 
Readers were then asked to review histologic and confocal fluo-
rescence images in the validation study based on standard histo-
logic criteria and to use criteria presented in the training set to 
assist with review of confocal fluorescence images. Readers ranked 
images on a scale of 1 to 5 (1 = normal tissue or nonproliferative 
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adipocytes, collagen, lobules, and ducts; 2 = indecisive between 
normal and benign changes; 3 = benign changes such as mild 
hyperplasia, chronic inflammation, fibrocystic changes, and fibro-
sis; 4 = indecisive between benign changes and neoplasia; 5 = 
neoplastic tissue including DCIS, IDC, and ILC). Both confocal 
fluorescence and histology images in the validation study were pre-
sented in random order. Accuracy was assessed relative to diagno-
sis by histology, which was made by a certified, dedicated breast 
pathologist (author Krishnamurthy). 

3 Results 
A total of 235 unique ROIs were identified in the confocal 
fluorescence images that could be matched to an ROI in the 
corresponding standard histologic slide; a summary of patients, 
specimens, and ROIs from which data were acquired is 
shown in Table 1. Forty-nine ROIs showed histologically nor-
mal, non-neoplastic breast tissue. Figure 2 shows representative 
confocal fluorescence images of normal breast features with 
images of corresponding features identified in conventional 
histologic slides: adipocytes, collagen, blood vessels, ducts, 
and lobular units. Both confocal fluorescence images and con-
ventional histologic images show closely packed adipocytes 
[Figs. 2(a) and 2(f)]. In confocal images, adipocytes exhibit 
weak proflavine staining of the pericellular nuclei, moderate 
staining of the cell membranes, and no staining of the lipid drop-
lets within the cytoplasm [Fig. 2(f)]. Confocal fluorescence 
images of extracellular matrix are characterized by brightly 
stained fibroblast nuclei interspersed throughout bundles of 
collagen fibers, which exhibited weak proflavine staining 
[Figs. 2(b) and 2(g)]. Blood vessels are easily recognized in con-
focal fluorescence images; the nuclei of the endothelial cells are 
stained moderately with proflavine and arranged around a dark 
lumen [Figs. 2(c) and 2(h)]. Confocal fluorescence images of 
individual ducts show weakly stained myoepithelial and colum-
nar cell nuclei that surround an unstained lumen [Figs. 2(d) and 
2(i)]. Confocal and histologic images show cells arranged in 
acini to form terminal ductal lobular units (TDLU) [Figs. 2(e) 

Fig. 1 Schematic of the procedure used to identify matching regions of interest (ROIs) within images acquired by the CFM system (top right, left, and 
center) and conventional histology (bottom right, left, and center). The two center images are low-resolution images of the entire breast-core biopsy 
specimen. The high-resolution images at left represent a region of tissue exhibiting histologic transition from normal to neoplastic (IDC). The high-
resolution images at right represent a region of tissue with invasive carcinoma. Scale bars are 1.5 mm for the low-resolution images and 100 μm for the 
high-resolution images. 

Table 1 Summary of patients, specimens, and regions of interest 
(ROIs). 

# ROI 

Patients 31 

Surgical tissue excision 23 

Core biopsy 8 

All specimens 70 235 

Surgical tissue excision 62 208 

Core biopsy 8 27 

Non-neoplastic specimens 25 110 

Normal 25a 49 

Benign changes 25a 61 

Neoplastic specimens 37 125 

DCIS 11 27 

IDC 19 66 

ILC 13 28 

Mucinous carcinoma 2 4 

aNon-neoplastic specimens contained sites with normal histologic 
features observed in the breast and features representative of benign 
changes. 
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and 2(j)]. Confocal fluorescence images of lobules are charac-
terized by intensely stained epithelial cell nuclei [Fig. 2(j)]. 

Sixty-one ROIs showed breast features considered to be non-
neoplastic benign changes. Figure 3 shows representative con-
focal images of benign breast features with corresponding 
standard histologic images: chronic inflammation, fibrosis, 
mild hyperplasia, and fibrocystic changes. Chronic inflamma-
tion is identified in histologic images by the increased number 
of lymphocytes [Fig. 3(a)]. On the corresponding confocal 
images, chronic inflammation is characterized by clusters of 
small, intensely stained inflammatory cell nuclei [Fig. 3(e)]. 
Fibrosis in confocal and histologic images is associated with 
an increased number of fibroblasts diffusely distributed 

throughout the stroma [Figs. 3(b) and 3(f)]. Confocal images 
of ROIs with fibrosis show fibroblasts with intensely stained 
nuclei interspersed throughout weakly stained collagen fibers 
in the stroma [Fig. 3(f)]. Mild ductal hyperplasia without atypia 
was identified in histologic images by an increase in number of 
cells lining a ductal space [Figs. 3(c) and 3(g)]. This increase in 
cell number is also evident in confocal images, where the col-
umnar cell nuclei are weakly stained with proflavine [Fig. 3(g)]. 
Confocal and histologic images of sclerosing adenosis, a hall-
mark of fibrocystic changes, show distortion of acini with stro-
mal fibrosis in TDLUs [Figs. 3(d) and 3(h)]. Sclerosing adenosis 
is identified in confocal images by small, weakly stained cuboi-
dal cell nuclei that formed distorted acinar structures [Fig. 3(h)]. 

Fig. 2 Normal, non-neoplastic breast architectural features (from left): adipocytes (a, f), collagen (b, g), blood vessel (c, h), ducts (d, i), and lobules (e, j). 
(a–e) Architectural features in human breast tissue specimens prepared according to standard histologic technique with hematoxylin and eosin (H&E) 
staining. (f–j) Architectural features from the same fields of view as (a–e) imaged with CFM. Scale bar is 100 μm. 

Fig. 3 Benign, non-neoplastic breast architectural features (from left): Inflammation (a, e), fibrosis (b, f), mild hyperplasia without atypia (c, g), and 
fibrocystic changes (d, h). (a–d) Architectural features in human breast tissue specimens prepared according to standard histologic technique with 
H&E staining. (e–h) Architectural features from the same fields of view as (a–d) imaged with CFM. Scale bar is 100 μm. 

Journal of Biomedical Optics 106016-4 October 2013 � Vol. 18(10) 

Dobbs et al.: Feasibility of confocal fluorescence microscopy for real-time evaluation of neoplasia. . . 

Downloaded From: http://biomedicaloptics.spiedigitallibrary.org/ on 11/20/2013 Terms of Use: http://spiedl.org/terms



�

�
� �

One hundred and twenty-five ROIs showed histologically 
neoplastic breast tissue. Figure 4 shows representative confocal 
and histologic images including neoplastic features: DCIS, IDC, 
and ILC. DCIS was identified in histologic and confocal images 
by disorganized cell proliferation in ducts with no invasion into 
the surrounding stroma [Figs. 4(a) and 4(d)]. IDC was charac-
terized in histologic images by disorganized invasion of ductal 
carcinoma cells into stroma [Fig. 4(b)]. In confocal fluorescence 
images, invading ductal carcinoma cells show large, pleomor-
phic, weakly stained nuclei [Fig. 4(e)]. ILC was characterized 
in histologic images by lobular carcinoma cells invading single-
file into stroma [Fig. 4(c)]. These cells are easily identified in 
confocal fluorescence images, which show single-file invading 
cells with enlarged, intensely stained nuclei [Fig. 4(f)]. 

The representative images of normal, benign, and neoplastic 
features (Figs. 2–4) demonstrate that confocal fluorescence 
images capture a wide range of histologic features of the breast, 
which can be observed using standard histology. Confocal 
images were grouped into three categories based on histologic 
diagnosis: normal, benign, and neoplastic. Images in each 
category were reviewed to characterize the following features: 
(1) cell architecture and orientation, (2) nuclear spacing, 
(3) nuclear size, and (4) intensity of proflavine fluorescence. 
The confocal image features of each category were compiled 
into a lexicon by tissue diagnosis (Figs. 5 and 6). 

Mean fluorescence intensity was measured at ROIs in 
confocal fluorescence images illustrating non-neoplasia: nor-
mal, nonhyperplastic ducts (n ¼ 36), and ductal hyperplasia 
(n ¼ 17), and neoplasia: DCIS (n ¼ 12) and IDC (n ¼ 25). 
To ensure that mean fluorescence intensity was assessed in a 
representative set of samples, we measured mean fluorescence 
intensity in ROIs that were included in the training and valida-
tion sets and in additional ROIs identified in confocal fluores-
cence images of specimens summarized in Table 1. The 
histologic diagnosis for all additional ROIs identified in confo-
cal fluorescence images and assessed for mean fluorescence 

intensity was verified by a dedicated breast pathologist. 
Figure 7 shows the mean fluorescence intensity by diagnostic 
category. The mean fluorescence intensity reported in Fig. 7 
supports the descriptors provided in Figs. 5 and 6. The mean 
fluorescence intensity of DCIS (36.1 10.0), described as hav-
ing intensely stained nuclei, is higher than IDC, normal ducts, 
and hyperplastic ducts, all described with weakly stained nuclei. 
Differences in the mean fluorescence intensity of DCIS are 
statistically significant when compared with that of IDC 
(p ¼ 0.007) and non-neoplastic ducts (p ¼ 0.015). Mean fluo-
rescence intensity values observed in normal ducts (26.6 9.9), 
ductal hyperplasia (29.3 8.2), and IDC (25.9 8.8) were not 
significantly different (p > 0.05). 

Matched confocal and histology images were assembled into 
a training and validation set to compare the diagnostic per-
formance of CFM and standard histology in distinguishing 
between neoplastic and non-neoplastic features. Matched 
pairs of confocal and histology images acquired from 23 sites 
were used to train readers to review confocal images based on 
characteristics including morphology, staining, and nuclear size 
(Figs. 5 and 6). From the remaining images, 98 images of 49 
matched ROIs were separated into groups of confocal and his-
tologic images, which were randomly ordered in the validation 
set. A total of seven readers, five pathologists, and two cytopa-
thology fellows (Department of Pathology, MDACC) underwent 
training and reviewed validation images. 

Table 2 illustrates the results of visual assessment of images 
acquired by histology with H&E staining [Table 2(a)] and CFM 
[Table 2(b)]. Results are organized based on the rankings 
assigned to the images in the validation set by each reader 
and by the true histologic diagnosis for each image as deter-
mined by a board-certified breast pathologist. Sensitivity and 
specificity of evaluation of confocal fluorescence images and 
conventional histologic images were calculated based on 
each reader’s review of the validation images; neoplasia 

Fig. 4 Neoplastic breast architectural features (from left): ductal carcinoma in situ (a, d), IDC (b, e), and ILC (c, f). (a–c) Architectural features in human 
breast tissue specimens prepared according to standard histologic technique with H&E staining. (d–f) Architectural features from the same fields of view 
as (a–c) imaged with CFM. Scale bar is 100 μm. 
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was classified by a ranking of 4 or 5, and non-neoplasia was 
classified by a ranking of 1 to 3. 

Table 3 gives a summary of each reader’s performance in 
reviewing images in the validation set. In Fig. 8, a receiver oper-
ator characteristic (ROC) curve shows the averaged performance 
of all readers in distinguishing neoplastic from non-neoplastic 
breast cellular features. At the Q-point for the histology ROC 
curve (square markers, solid line), sensitivity is 93% and speci-
ficity is 97% with an area under the ROC curve of 0.987, and at 
the Q-point for the confocal fluorescence microscopy ROC 
curve, sensitivity is 93% and specificity is 93% with an area 
under the ROC curve of 0.957. When accuracy is assessed 
based on experience level, the readers with more experience 
in image review (pathologists A-E) have higher accuracy in 
identifying neoplasia than those with less experience (pathology 
fellows A and B). Pathologists and pathology fellows assigned 
twice the number of false positive rankings in confocal fluores-
cence images than in H&E images. Readers assigned false 
negative rankings to the same number of sites in confocal 
fluorescence and H&E images. In both types of images, 
DCIS, IDC, and ILC sites were assigned false negative rankings. 
There were twice as many sites identified as false positives in 

confocal fluorescence images than in H&E images. More than 
half of the false positive rankings assigned to confocal fluores-
cence images were given to sites with normal lobules; however, 
the highest number of false positive rankings was assigned to a 
single confocal fluorescence image of inflammation (classified 
incorrectly by 4/7 readers). 

We calculated a Kappa score to evaluate inter-rater agree-
ment for visual assessment of H&E and confocal fluorescence 
images. Since there were seven raters who assigned rankings to 
images, we used a formula developed to calculate a Kappa score 
for multiple ratings per subject.23 The Kappa score for raters’ 
agreement when ranking H&E images is 0.63, and the Z test 
statistic is 30.0 (p < 0.001). When ranking CFM images, 
inter-rater agreement is characterized by a Kappa score of 
0.51 and a Z test statistic of 24.6 (p < 0.001). Landis and 
Koch described the ranges of kappa statistic values in intervals 
of 0.2 from 0 to 1 (where kappa values of 1 and 0 indicate 
perfect agreement and agreement that could occur by chance, 
respectively), which are commonly used for kappa statistic inter-
pretation.24–27 The ranges of kappa statistic values 0.41 to 0.60 
and 0.61 to 0.80 indicate moderate and substantial agreement 
strengths, respectively. 

Fig. 5 Normal and benign breast architectural features imaged by CFM. Normal breast architectural features (left column): adipocytes, collagen, blood 
vessels, ducts, and lobules. Architectural features of benign changes in the breast tissue (right column): inflammation, stromal fibrosis, stromal-multi-
nucleated giant cells, mild hyperplasia with no atypia, and fibrocystic changes. Each feature is described by four criteria which can be used to aid in 
interpretation of images acquired with confocal fluorescence microscopy: cell architecture, inter-nuclear distance, nuclear size, and nuclear staining 
characteristics. Scale bars are 100 μm. 
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4 Discussion 
The objective of this work was to determine if assessment of 
breast architecture in CFM images has similar performance 
as the assessment of histologic slides with H&E staining without 
the need for extensive tissue processing. The findings of this 
study show that confocal fluorescence images of fresh human 
breast tissue stained topically using proflavine provide sufficient 
information to enable discernment of neoplastic and non-neo-
plastic breast features. 

Histology slides are produced through an intricate, time-
intensive process. Tissue specimens are fixed through immer-
sion in a chemical fixative to prevent cell autolysis and 
degradation; adequate tissue fixation takes approximately 24 
to 48 h. After fixation, tissue specimens are dehydrated through 
immersion in alcohol to remove excess water and formalin, alco-
hol is removed from tissue, and specimens are infiltrated with an 
embedding agent such as paraffin wax. After the wax solidifies, 
a microtome is used to cut the tissue specimen into 5-μm thick 

Fig. 6 Neoplastic breast architectural features imaged by CFM. Neoplastic breast architectural features: DCIS, IDC, and ILC. Each feature is described 
by four criteria which can be used to aid in interpretation of images acquired with confocal fluorescence microscopy: cell architecture, inter-nuclear 
distance, nuclear size, and nuclear staining characteristics. Scale bars are 100 μm. 

Fig. 7 Mean fluorescence intensity measured in confocal fluorescence images at ROIs with non-neoplasia: normal, nonhyperplastic ducts (n ¼ 36), 
and ductal hyperplasia (n ¼ 17), and neoplasia: DCIS (n ¼ 12) and IDC (n ¼ 25). 
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Table 2 Results of visual assessment of images in the validation study. The total number of rankings, 343, is based on the rankings assigned by seven 
pathologists to each of the 49 images in the validation set. Each validation set included 18 images with histologically normal breast morphology, 10 
images that showed morphology with benign changes, and 21 images with neoplastic breast morphology; when the images were ranked by all seven 
readers, this resulted in 126 rankings for normal ROIs, 70 rankings for ROIs with benign changes, and 147 rankings for ROIs with neoplasia. False 
positives were classified as images whose true histologic diagnosis was normal or benign changes, but which were assigned a ranking of 4 or 5. 
Similarly, false negatives were designated as images with a diagnosis of neoplasia, which were assigned a ranking of 1 to 3. 

(a) 

H&E Images: Visual assessment by readers 

Normal 
Normal or 

benign changes Benign changes 
Benign changes 
or neoplasia Neoplasia 

Total1 2 3 4 5 

Histologic Diagnosis Normal 107 3 16 0 0 126 

Benign Changes 14 3 47 6 0 70 

Neoplasia 0 0 11 1 135 147 

Total 121 6 74 7 135 343 

(b) 

Confocal fluorescence microscopy images: Visual assessment by readers 

Normal 
Normal or 

benign changes Benign changes 
Benign changes 
or neoplasia Neoplasia 

Total1 2 3 4 5 

Histologic Diagnosis Normal 76 2 41 3 4 126 

Benign Changes 17 2 45 1 5 70 

Neoplasia 1 0 10 5 131 147 

Total 94 4 96 9 140 343 

Table 3 Summary of reader accuracy in distinguishing neoplastic from non-neoplastic breast cellular features in conventional histologic and con-
focal fluorescence images. When the results are separated based on reader experience in image review, the averaged sensitivity and specificity values 
are higher for readers with more experience (pathologists A–E) than for readers with less experience (pathology fellows A and B). FP = false positive 
rankings assigned; FN = false negative rankings assigned. 

Histology CFM 

FN FP Sensitivity (%) Specificity (%) FN FP Sensitivity (%) Specificity (%) 

Pathologist A 0 1 100 96 2 0 90 100 

Pathologist B 0 2 100 93 0 3 100 89 

Pathologist C 2 1 90 96 2 1 90 96 

Pathologist D 1 0 95 100 0 2 100 93 

Pathologist E 1 0 95 100 1 4 95 86 

Pathology Fellow A 3 1 86 96 3 0 86 100 

Pathology Fellow B 4 1 81 96 3 3 86 89 

All Readers 11 6 93 ( 8)  97  (  2)  11  13  93  (  5)  93  (  6) 

Pathologists 4 4 96 ( 4)  97  (  3) 5 10 95 ( 5)  93  (  8) 

Pathology Fellows 7 2 83 96 6 3 86 95 
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sections. Excess wax is melted off over a few hours, and then 
a histochemical stain such as H&E is applied. Complete prepa-
ration of histologic slides is costly and delays assessment and 
diagnosis by 1 to 2 days. 

CFM offers a number of important potential advantages as an 
imaging tool. Sample preparation for CFM is fast and simple. 
Fresh, unprocessed tissue specimens are stained for 1 min, and 
then washed to remove excess dye. The specimen is then imaged 
with no further processing and without the need for fixation, 
embedding, or sectioning. The camera in the microscope is 
integrated into the system hardware, allowing for image acquis-
ition at near video rate; a 12.2 × 12.2 mm2 specimen can be 
imaged using CFM in 10 min, and imaging a 4 × 12 mm2 

core-needle biopsy requires less than 2 min. Portable confocal 
microscopes with real-time imaging capability are now commer-
cially available. 

A number of other optical imaging modalities have been 
explored for real-time imaging of breast tissue. Optical coher-
ence tomography (OCT) has been evaluated in several studies 
for real-time, intraoperative assessment of lymph nodes and 
breast tumor margins,28–30 but the resolution of OCT has 
been too low to provide sufficient detail for rapid tissue assess-
ment. While higher-resolution OCT systems are in develop-
ment, the greater axial resolution of CFM enables resolution 
of cellular and nuclear features comparable with that of high-
magnification (40×) light microscopic images of thin sections. 
Confocal reflectance microscopy offers resolution similar to that 
of CFM. Tilli and colleagues showed that acetic acid enhances 
image detail in confocal reflectance images of mouse mammary 
and resected human breast tissue, which enabled measurements 
of nuclear size. Their work demonstrated that near-infrared 
reflectance confocal microscopy images of mouse mammary 
and human breast tissue morphology correlate to histologic 
images with H&E staining.15 

The work described here was performed as a small study to 
determine the features of neoplastic and non-neoplastic breast 

tissues that could be assessed at sample acquisition in a routine 
clinical setting using CFM. All specimens were acquired at a 
single center, and only a small number of observers participated 
in image assessment. Further studies are necessary to determine 
whether confocal fluorescence images contain sufficient detail 
to enable diagnosis. 

If confocal fluorescence images prove adequate for evalu-
ation of breast tissue specimens, this technique could be useful 
in a number of clinical scenarios. A potentially significant clini-
cal application of this platform is (1) immediate evaluation of 
the adequacy of tissue core biopsy specimens procured with or 
without imaging guidance. The first and current technique of 
touch preparation of core biopsies does not ensure adequate rep-
resentation of the targeted lesion for subsequent morphological, 
phenotypic, and molecular characterizations.31 (2) A potential 
application for this technique is rapid assessment of tumor mar-
gin status, which could be performed without the necessity for 
extensive tissue preparation while yielding results comparable 
with those of frozen section histology. (3) Confocal microscopy 
could be useful to ensure procurement of adequate viable tumor 
tissue for molecular testing. The ability to image tissue morphol-
ogy with minimal specimen preparation could be valuable in the 
era of sophisticated and detailed molecular analysis, including 
genomic sequencing, for purposes of developing targeted and 
personalized therapy. Other possible applications for confocal 
microscopy include assessment of adequate tissue specimens 
in bio-banking, assistance in identifying desired cell types for 
use in cell culture, and facilitation in identifying suitable tissue 
for genomic or proteomic studies. (4) This technique may be 
useful to provide histologic diagnosis in low-resource settings, 
where infrastructure for traditional histologic preparation is not 
available.32 

In conclusion, we presented the results of an observational 
study comparing images acquired with minimal tissue process-
ing using CFM to identify characteristics of a wide range of 
neoplastic and non-neoplastic breast lesions. CFM can be 
performed inexpensively and at near video rate with optimal 
preservation of the entire tissue for any kind of subsequent 
analysis. High-resolution images acquired using CFM have 
micron resolution allowing evaluation of nuclear features 
and cell morphology, which correlate to those observed in 
histologic images with H&E staining. In the validation study, 
image review based on visual assessment shows that CFM 
and standard histology had similar sensitivity and specificity 
values for distinguishing between neoplasia and non-neopla-
sia. The potential utility of this platform for different types 
of clinical and research applications needs to be tested in larger 
studies. 
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Fig. 8 Receiver operator characteristic (ROC) curve for the averaged 
performance of all readers in distinguishing neoplastic from non-neo-
plastic breast architectural features in conventional histologic (square 
markers, solid line) and confocal fluorescence images (triangular mark-
ers, dashed line). At the Q-point of the ROC curve for histology perfor-
mance, the sensitivity is 93% and the specificity is 97% with an area 
under the ROC curve of 0.987. At the Q-point of the ROC curve for CFM 
performance, the sensitivity is 93% and the specificity is 93% with an 
area under the ROC curve of 0.957. 
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