
Comparison of Pathologist-Detected and Automated
Computer-Assisted Image Analysis Detected Sentinel
Lymph Node Micrometastases in Breast Cancer
Donald L. Weaver, M.D., David N. Krag, M.D., Edward A. Manna, B.S., Taka Ashikaga, Ph.D.,
Seth P. Harlow, M.D., Kenneth D. Bauer, Ph.D.

University of Vermont, Vermont Cancer Center and Fletcher Allen Health Care, Burlington, Vermont
(DLW, DNK, EAM, TA, SPH); and ChromaVision Medical Systems, San Juan Capistrano, California (KDB)

Sentinel lymphnode biopsy has stimulated interest in
identification of micrometastatic disease in lymph
nodes, but identifying small clusters of tumor cells or
single tumor cells in lymph nodes can be tedious and
inaccurate. The optimal method of detecting micro-
metastases in sentinel nodes has not been established.
Detection is dependent on node sectioning strategy
and the ability to locate and confirm tumor cells on
histologic sections. Immunohistochemical techniques
have greatly enhanceddetection inhistologic sections;
however, comparison of detection methodology has
not been undertaken. Automated computer-assisted
detection of candidate tumor cells may have the po-
tential to significantly assist thepathologist. This study
compares computer-assisted micrometastasis detec-
tion with routine detection by a pathologist.
Cytokeratin-stained sentinel lymph node sections
from 100 patients at the University of Vermont were
evaluated by automated computer-assisted cell detec-
tion. Based on original routine light microscopy
screening, 20 cases that were positive and 80 cases
that were negative formicrometastases were selected.
One-level (43 cases) or two-level (54 cases)
cytokeratin-stained sections were examined per
lymph node block. All 100 patients had previously
been classified as node negative by using routine he-

matoxylin and eosin stained sections. Technical stain-
ing problems precluded computer-assisted cell detec-
tion scanning in three cases. Computer-assisted cell
detection detected 19 of 20 (95.0%; 95% confidence
interval, 75–100%) cases positive by routine light mi-
croscopy. Micrometastases missed by computer-
assisted cell detectionwere caused by cells outside the
instrument’s scanning region. Computer-assisted cell
detection detected additional micrometastases, unde-
tected by light microscopy, in 8 of 77 (10.4%; 95%
confidence interval, 5–20%) cases. The computer-
assisted cell detection–positive, light microscopy–
missed detection ratewas similar for caseswith one (3
of 30; 10.0%) or two (5 of 47; 10.6%) cytokeratin sec-
tions.Metastases detected by routine lightmicroscopy
tended to be larger (0.01–0.50mm) than didmetasta-
ses detected only by computer-assisted cell detection
(0.01–0.03 mm). In a selected series of patients, auto-
mated computer-assisted cell detection identified
moremicrometastases thanwere identifiedby routine
lightmicroscopy screening of cytokeratin-stained sec-
tions. Computer-assisted detection of events that are
limited in number or size may be more reliable than
detection by a pathologist using routine light micros-
copy. Factors such as human fatigue, incomplete sec-
tion screening, and variable staining contribute to
missing metastases by routine light microscopy
screening. Metastases identified exclusively by
computer-assisted cell detection tend to be extremely
small, and the clinical significance of their identifica-
tion is currently unknown.
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The presence or absence of metastases in the axil-
lary lymph nodes remains the most powerful prog-
nostic factor in breast cancer (1). Because of the
high proportion of lymph node–negative patients in
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current practice, sentinel lymph node biopsy is an
attractive alternative to full axillary dissection for
staging breast cancer. The technique has been
shown to be sensitive and specific for predicting the
status of the axillary nodes (2–7) and is now under
further investigation in two large clinical trials in
the United States. Sentinel nodes are often exam-
ined more comprehensively than routinely dis-
sected axillary nodes, thus enhancing the identifi-
cation of small tumor micrometastases. The clinical
significance of nodal micrometastases sized �2.0
mm is unclear with respect to overall survival and
tumor biology (8–13). Results of prospective trials
are still needed to further evaluate the clinical role
of micrometastases and isolated tumor cells. The
predictive value of occult metastases in sentinel
nodes is being evaluated as a correlative study in
the National Surgical Adjuvant Breast and Bowel
Project B-32 sentinel node trial and the American
College of Surgeons Oncology Group Z-0010 study.

Regardless of past conclusions, the reduced num-
ber of sentinel nodes has rejuvenated interest in
identifying micrometastases. When histologically
negative sentinel nodes are examined with addi-
tional sections and cytokeratin immunohistochem-
ical stains, the conversion rate to node positive is
10–12%, with one or two immunostains, but in-
creases to 25–30% if more levels and cytokeratin-
stained sections are examined (14, 15, 16). Although
not discussed as extensively in the literature,
missed metastases (present on review of original
slides) have been included under the rubric of oc-
cult metastases and have been shown to be present
in 2.6% of sentinel lymph node biopsy cases (16).
What has not been discussed is the frequency of
missing metastases on immunohistochemistry-
stained sections. This study was undertaken to test
the ability of automated computer-assisted cell de-
tection using image analysis to do the following: (1)
detect micrometastases previously detected by a
pathologist routinely screening cytokeratin-stained
slides and (2) determine the frequency with which
computer-assisted cell detection would identify mi-
crometastases not previously detected by patholo-
gist screening.

MATERIALS AND METHODS

Cytokeratin immunohistochemistry stained lymph
node sections from two groups of patients (100 cases)
who were participating in sentinel lymph node biopsy
research protocols at the University of Vermont were
selected for examination by automated computer-
assisted cell detection. All patients had been previ-
ously classified as node negative based on review of
hematoxylin and eosin–stained sections of lymph
nodes that had been bisected or thinly sliced at

2.0-mm intervals before tissue processing and em-
bedding. Subsequently, deeper sections and cytoker-
atin stains were performed as part of a research pro-
tocol. The first group (43 cases) had one-level
cytokeratin-stained sections (LSAB detection kit;
DAKO Cytomation, Carpinteria, CA) examined at 0.1
mm deeper into the block. The second group (54
cases) had two-level cytokeratin-stained sections
(polymer detection kit; DAKO Cytomation) examined
at approximately 0.5 and 1.0 mm deeper into the
block. AE1-AE3 anti-cytokeratin (Chemicon Interna-
tional, Temecula, CA) was used for both groups, and
each lymph node block was examined with cytoker-
atin sections. A pathologist had previously examined
all cases with a standard light microscope to deter-
mine whether occult micrometastases were present
or absent. Cases were selected sequentially in the two
series but with a bias toward including cases with
pathologist- and light microscope–detected micro-
metastases (20 positive; 80 negative) to test the ability
of the automated system to detect known microme-
tastases. An image analysis system (ChromaVision
Automated Cell Imaging System; ChromaVision Med-
ical Systems, Inc., San Juan Capistrano, CA) linked to
a computer with automated cell detection software
for detecting the chromagen was employed for
computer-assisted cell detection. Target antibody was
visualized by using diaminobenzidene (3,3'-
diaminobenzidine), and slides were counterstained
with hematoxylin. Slides were loaded into carriers
and scanned by the instrument, and images of can-
didate micrometastases were stored in a computer
with a histologic reconstruction image of the scanned
area of each slide. Images of candidate tumor cells
and cell clusters were presented on the computer
screen for pathologist interpretation. Review and clas-
sification of the computer-assisted cell detection im-
ages of candidate micrometastases was undertaken
without knowledge of the light microscopy results. A
binomial model was used to calculate 95% exact con-
fidence intervals. The institutional review board of the
University of Vermont approved the research
protocol.

RESULTS

Computer-assisted cell detection identified 19 of
20 (95.0%; 95% confidence interval � 75 to 100%)
cases with micrometastases that were originally de-
tected by pathologist review of the cytokeratin-
stained sections using only light microscopy. The
single case in which micrometastases were missed
by computer-assisted cell detection was due to cells
being present outside the physical limits of slide
scanning for the instrument (Fig. 1). Cytokeratin-
positive debris in excess of the preset software stor-
age capacity settings precluded scanning of some
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slides, and three cases negative for micrometasta-
ses by pathologist review with light microscopy
were unsuitable for analysis because of excessive
debris. Computer-assisted cell detection detected
additional micrometastases, initially undetected by
pathologist review with light microscopy, in 8 of 77
(10.4%; 95% confidence interval � 5 to 20%) cases.
The computer-assisted cell detection–positive, light
microscopy–missed detection rate was similar for
cases with one (3 of 30; 10.0%) or two (5 of 47;
10.6%) cytokeratin sections. The range in size of
metastases detected by a pathologist using only
light microscopy tended to be larger (0.01–0.50
mm) than that of metastases first detected by
computer-assisted cell detection (0.01–0.03 mm).
Examples of computer-assisted cell detection–de-
tected candidate metastases and debris are pre-
sented in Fig. 2.

DISCUSSION

This study examined both the ability of an auto-
mated computer-assisted cell detection system to

locate metastases previously detected by patholo-
gist review of cytokeratin-stained sections and the
ability to detect metastases not previously identi-
fied by pathologist review. The automated
computer-assisted cell detection system detected
all previously identified metastases that were within
the scanning region of the slides. Slides had been
manufactured before initiation of the study, and
therefore some metastases (one case) were unde-
tectable to the instrument because they were out-
side the scan area.

Cytokeratin immunohistochemistry can enhance
detection of micrometastases; however, as in exam-
ination of routinely stained slides, metastases can
still be missed. Factors contributing to missed me-
tastases include the following: small metastasis
size, variable cell staining, incomplete screening of
sections, and human fatigue. In this study, micro-
metastases not previously detected by pathologist
screening of cytokeratin-stained sections were
identified by automated computer-assisted cell de-
tection, and 10% of cases classified as negative by
initial pathologist review had metastases detected.

FIGURE 1. Example of micrometastasis missed by computer-assisted cell detection but detected by pathologist. Left side demonstrates the
microscope slide in the plastic slide carrier. The lower portion of the lymph node was not scanned because the section was mounted too low on the
glass slide, was out of the scan range of the instrument, and was obscured by the supporting slide carrier. The black arrow and dot indicate the
position of the micrometastasis. Right side demonstrates the computer-reconstructed image of the glass slide, confirming incomplete scanning of the
lymph node.
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Missed metastases were usually due to single cells
or two- to three-cell clusters that were faintly
stained and present in low number on the slides.
Under the recently revised sixth edition of the AJCC
staging manual, these missed occult metastases fall
below the lower limit of micrometastases and
would qualify as isolated tumor cells or tumor cell
clusters (ITCs) (17). ITCs are a new category of
metastases in which no metastasis is �0.2 mm, and
they are classified as pN0. All metastases, once
identified by computer-assisted cell detection,
could be identified by human visual inspection of
the stained sections using standard light micros-
copy. A few missed metastases were more obvious
and may have been missed through human screen-
ing error caused by fatigue or by incomplete slide
scanning.

The detection of micrometastases and ITCs in
lymph nodes has practical and economic limita-
tions (18). As discussed in this article, identification
of micrometastases is dependent on the ability of
the pathologist to reliably detect tumor cells on the
slides. Cytokeratin immunohistochemistry and
computer-assisted cell detection can enhance de-
tection. However, micrometastasis identification is
also highly dependent on the lymph node section-
ing interval. Any identified metastasis that is
smaller than the node-sectioning interval may have
been identified by chance and could just as easily

have been missed. For example, to reliably detect
two- to three-cell clusters (0.02-mm metastases),
lymph nodes must be entirely embedded and sec-
tioned at 20-�m intervals. This strategy would re-
quire 100 sections per lymph node block if nodes
were cut at 2.0-mm intervals before embedding.
Production of large numbers of immunohisto-
chemically stained slides is costly, and review of the
slides is time consuming, regardless of whether sec-
tions are screened primarily by pathologists using a
light microscope or computer-assisted cell detec-
tion. In addition, reimbursement for multiple cyto-
keratin stains on a single specimen has not been
resolved. The time to scan each slide with auto-
mated computer-assisted cell detection was ap-
proximately 30–40 minutes with the technology
available at the time of this study. Any candidate
metastases detected by computer-assisted cell de-
tection must be confirmed by pathologist review of
the digital images and/or a re-evaluation of the
slide. Although this study demonstrates that pathol-
ogist review of cytokeratin-stained sections will
miss �10% of the metastases present on the slides,
it does not address the potential metastases re-
maining in the paraffin tissue block or in tissue
removed but not examined. When evaluating the
clinical difference between patients with and with-
out micrometastases identified, pathologists and
clinicians must also consider the probability that

FIGURE 2. Individual stored images demonstrating candidate metastases identified by an automated image analysis–based computer-assisted cell
detection system, then categorized by a pathologist. Rejected candidate images are frequently exfoliated cuticular debris that contaminates the slide
before staining.
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the metastasis could have been missed. In other
words, a pathologist would not be able to confi-
dently ensure a clinician, based on statistical prin-
ciples, that a patient with a negative sentinel node
evaluated with one or two cytokeratin-stained sec-
tions, as performed in this study, is categorically
different from a patient with a two- or three-cell
cluster identified. It is therefore critical that pathol-
ogists document the size and magnitude of micro-
metastases identified (19).

The automated computer-assisted cell detection
system used in this study has a user-defined maxi-
mum number of images per slide that are stored for
later interpretation by a trained individual. For the
slides stained with the polymer detection kit, a set-
ting of 500 events was more than sufficient for
capture of all candidate metastases. For the slides
stained with the LSAB detection kit, a setting of
1000 events was needed. Some slides contained
excessive cytokeratin-stained debris and, although
possible, it was not practical to increase the stored
events to �1000 during this study. Prospective re-
duction of extraneous cytokeratin positive debris is
desirable if image analysis–based computer-
assisted cell detection is to be performed.

Automated computer-assisted cell detection can
assist in detecting occult metastases. This study has
demonstrated that an automated computer-
assisted cell detection system is proficient at iden-
tifying micrometastases detected by human screen-
ing and can identify additional small
micrometastases (isolated tumor cells and tumor
cell clusters) that may be missed by human visual
screening of cytokeratin-stained slides. The find-
ings also underscore the false sense of security cre-
ated by examination of cytokeratin-stained slides
and establishes a baseline for the proportion and
magnitude of occult metastases that are missed by
a pathologist screening cytokeratin-stained
sections.
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