
A Quantitative Reverse Transcription-PCR Assay for
Rapid, Automated Analysis of Breast Cancer
Sentinel Lymph Nodes

Steven J. Hughes,* Liqiang Xi,† William E. Gooding,‡

David J. Cole,§ Michael Mitas,§ John Metcalf,¶

Rohit Bhargava,� David Dabbs,� Jesus Ching,**
Lynn Kozma,** William McMillan,**
and Tony E. Godfrey†

From the Departments of Surgery * and Pathology,� University of

Pittsburgh Medical Cancer, Pittsburgh, Pennsylvania; the

Department of Pathology,† Mount Sinai School of Medicine, New

York, New York; the Biostatistics Facility,‡ University of Pittsburgh

Cancer Institute, Pittsburgh, Pennsylvania; the Departments of

Surgery § and Pathology,¶ Medical University of South Carolina,

Charleston, South Carolina; and Cepheid,**

Sunnyvale, California

We have previously reported that a quantitative re-
verse transcription (QRT)-PCR assay accurately an-
alyzes sentinel lymph nodes (SLNs) from breast
cancer patients. The aim of this study was to assess
a completely automated, cartridge-based version of
the assay for accuracy, predictive value , and repro-
ducibility. The triplex (two markers � control)
QRT-PCR assay was incorporated into a single-use
cartridge for point-of-care use on the GeneXpert
system. Three academic centers participated
equally. Twenty-nine positive lymph nodes and 30
negative lymph nodes were analyzed to establish
classification rules. SLNs from 120 patients were
subsequently analyzed by QRT-PCR and histology
(including immunohistochemistry) , and the prede-
termined decision rules were used to classify the
SLNs; 112 SLN specimens produced an informative
result by both QRT-PCR and histology. By histolog-
ical analysis , 21 SLNs were positive and 91 SLNs
were negative for metastasis. QRT-PCR characteriza-
tion produced a classification with 100% sensitiv-
ity , 97.8% specificity , and 98.2% accuracy com-
pared with histology (91.3% positive predictive
value and 100% negative predictive value). Inter-
laboratory reproducibility analyses demonstrated
that a 95% prediction interval for a new measure-
ment (�Ct) ranged between 0.403 and 0.956. This
fully automated QRT-PCR assay accurately charac-
terizes breast cancer SLNs for the presence of me-
tastasis. Furthermore, the assay is not dependent
on subjective interpretation, is reproducible across
three clinical environments , and is rapid enough to

allow intraoperative decision making. (J Mol Diagn

2009, 11:576–582; DOI: 10.2353/jmoldx.2009.090037)

Assessment of metastasis to regional lymph nodes (LNs)
remains germane to the staging of epithelial malignan-
cies.1–3 For breast cancer patients, sentinel lymph node
(SLN) mapping and analysis are now routinely per-
formed, improving detection rates of LN metastasis
through a combination of increased sampling and im-
proved sensitivity using immunohistochemical (IHC)
staining techniques.4,5 The prognostic relevance of pre-
viously occult, micrometastatic disease is becoming bet-
ter understood but remains an area of active investigation
and controversy.6–9

Current methods of SLN analysis are time and labor
intensive and require subjective interpretation. Many cen-
ters have ceased to perform intraoperative frozen section
analysis as this rapid assessment is only �60% sensitive
compared with final pathological analysis.10–12 Further-
more, differences in SLN analysis protocols exist across
the pathology community,13 and significant discordance
in interpretation of specimens has been reported.14–16

Thus, the current standard of care for analysis of SLNs is
unable to provide timely information, lacks uniformity, and
is dependent on subjective interpretation.

The reverse transcription (RT)-PCR has been explored
as a potentially superior tool for characterizing LNs for the
presence of metastatic disease.17–20 Although this tech-
nique offers theoretical advantages of improved sam-
pling and objective analysis, the methodology requires
considerable technical expertise for accurate results and
prevention of contamination, and results have not been
particularly reproducible.21–23 Thus, RT-PCR analyses for
metastasis detection have yet to have been proven reli-
able or superior to current histology-based methods of
analysis and remain experimental in nature.
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We have demonstrated previously that a two-marker,
quantitative RT (QRT)-PCR assay accurately and rapidly
characterizes LNs for the presence of metastatic breast
cancer.20 Thus, we aimed to assess a fully automated,
GeneXpert (Cepheid, Sunnyvale, CA)-based version of
the assay that is well controlled (one-tube triplex assay).
The intent was to assess the ability of this assay as a
point-of-care tool used by minimally trained personnel,
using the current “gold standard” as a concordance
comparison.

Materials and Methods

Role of Participating Entities

This project was conducted at four sites: Mount Sinai
School of Medicine (MSSM), the University of Pittsburgh
Medical Center (UPMC), the Medical University of South
Carolina (MUSC), and Cepheid. Cepheid assisted in as-
say development,20,24,25 manufactured cartridges, and
calibrated and supplied the GeneXpert instruments (one
per institution). All tissue processing and histological
analysis was performed at MSSM or UPMC, and tissue
lysates were subsequently distributed for analysis. All
raw data were sent to UPMC for analysis by the project
statistician (W.E.G.). Cepheid had no role in tissue pro-
cessing, data collection, or analysis and interpretation.

Source of Tissues

All tissues were collected and the research project was
performed under institutional review board-approved proto-
cols. Positive LNs from independent patients with breast
cancer and negative LN controls were obtained from tissue
banks at UPMC and MSSM. SLNs were obtained from
patients enrolled in the Minimally Invasive Molecular Stag-
ing of Breast Cancer trial and banked at MUSC.26

Specimen Handling and Cutting Protocol

Tissues were snap-frozen in liquid nitrogen and stored at
�80°C until use and then were embedded in OCT for
cryostat sectioning. After facing the LN, a pattern of
serial, 5-�m sections (2:10:2:10:2) was distributed to
slides alternating with RNA lysis buffer (1.6 ml), and this
process was repeated based on the LN size (LNs �1
cm � 40 RNA sections; LN �1 cm � 50 RNA sections).
The lysis buffer was briefly vortexed and then stored at
�80°C until needed. Tissue slides were labeled (includ-
ing exact position in the cutting sequence), acetone
fixed, and stored at �20°C until needed.

Histological Analysis

Histological examination was performed in several stages.
Initially, the first and last sections from each LNwere stained
with H&E and evaluated by two pathologists (R.B. and
J.M.). Next, the second and second to last sections were
used for IHC evaluation with AE1/AE3 antibody (DAKO,

Carpinteria, CA) as described previously,20 and these
slides were evaluated by the pathologists. Finally, for
selected SLNs all intervening pairs of slides were stained
(1 H&E and 1 IHC) and evaluated.

GeneXpert Breast Cancer Assays

RNA isolation and QRT-PCR were performed on the
GeneXpert system. This instrument utilizes single-use
disposable cartridges to perform automated sample
preparation and QRT-PCR-based gene expression anal-
ysis in approximately 30 minutes.25 The triplex QRT-PCR
assay comprises two target genes (TACSTD1 and PIP)
and an endogenous control gene (GUSB). Sample lysis
buffer was loaded into the cartridge and all subsequent
steps of the assay, including analysis, were automated.

For the current study, the cartridges were hand-as-
sembled by Cepheid and contained lyophilized reagent
beads for all primers, probes, reaction buffers, and en-
zymes (reverse transcriptase and thermostable polymer-
ase). Cartridges were bar coded and vacuum packed for
storage at 4°C until needed. In addition to the cartridges,
the GeneXpert breast cancer assay kit provided by Ce-
pheid included pre-aliquoted tubes of RNA binding
buffer, wash buffer, and RNA elution buffer, all in squeez-
able plastic containers for easy addition to the cartridge.
Assays were performed by first filtering 800 �l of speci-
men lysate through a 0.22-�m syringe filter (Osmonics
Inc., West Borough, MA), mixing the filtered lysate with
the pre-aliquoted RNA binding buffer (�470 �l), and
loading the mixture into the cartridge through a desig-
nated opening. Next, the wash and elution buffers were
added to the cartridge through separate, labeled open-
ings, and the cartridge lid was closed. The cartridge bar
code was then scanned into the GeneXpert to identify the
appropriate assay protocol, the sample name was typed
in, and the assay was started. At this point the GeneXpert
performed a pressure check (during fluidic transportation
between chambers) and a probe fluorescence check
before initiating RNA isolation. If either of these checks
was not passed, the assay was automatically aborted.

The assays were performed by individuals of varying
experience. At UPMC, all assays were performed by a
pathology associate who had no previous experience in
RT-PCR or other RNA-based experimental techniques.
The assays performed at MUSC were run by graduate
students as part of an introductory class taught by one of
the authors with extensive experience in QRT-PCR,
and those performed at MSSM were completed in es-
sentially equal numbers by two individuals: a research
technician who routinely performs QRT-PCR assays and
a high school student laboratory volunteer with no previ-
ous experience.

Quantitative PCR Assay Design

In the current breast cancer study, we designed a triplex
QRT-PCR assay comprising two target genes (TACSTD1
and PIP) and an endogenous control gene (GUSB). The
primer and probe sequences used for reverse transcrip-
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tion and for quantitative PCR were modified from previous
reports20 to optimize the triplex assay and to obtain quan-
titative data regardless of whether the target genes or the
endogenous control gene are most abundant in any sin-
gle sample. Primer and probe sequences are provided in
Table 1 and Supplemental Figures 1–3 (see http://jmd.
amjpathol.org). In the triplex assay, the amplification of
GUSB can be stopped at any point using our previously
reported temperature controlled primer limiting meth-
od,24 thus allowing quantitative detection of the target
genes if GUSB expression is higher than target gene
expression (the majority of cases). In addition, the target
gene PCR amplicons are designed to have higher melt-
ing temperatures than the GUSB amplicon (86°C versus
80°C). Thus, by reducing the denaturation temperature
during PCR cycling, this modification can be used to stop
target gene amplification while allowing amplification of
GUSB to proceed. Reduced denaturation temperature is
used in samples in which target gene expression is higher
than GUSB expression and allows quantitative expression
data to be obtained in such cases. The ability to perform this
bidirectional multiplexing strategy is facilitated by the inde-
pendent site control on the GeneXpert and assay-specific
software that changes cycling parameters in real time, de-
pending on the observed fluorescence values in different
fluorescence channels at each cycle.

Reproducibility Test

Samples for reproducibility analysis were prepared by
spiking PIP-positive RNA from the MDA-MB-453 cell line
and TACSTD1-positive normal human colon RNA (Strat-
agene, La Jolla, CA) into benign LN tissue lysate. The
spiked sample was serially diluted (1:2) in the negative
LN lysate to give seven samples with serial twofold re-
ductions in PIP and TACSTD1 expression. Enough lysate
was prepared to allow four GeneXpert analyses for each
concentration at each institution (12 measurements per
concentration).

Statistical Analysis

To characterize intra- and interlaboratory reproducibility,
within-laboratory replicate values were used to estimate

the intraclass correlation coefficient, the coefficient of
variation, the SE of measurement, and a 95% prediction
interval for a new observation. The average of the four
replicates was then used to compare the three laborato-
ries with one another. Linear regression models tested
whether expression-concentration slopes were parallel
and coincident.

To classify LNs by their expression of PIP and TACSTD1,
a risk score (risk of metastasis) based on logistic regression
with interaction was used. This risk score is a monotonic
function of the likelihood ratio test and produces the
same receiver operating characteristic curve as the like-
lihood ratio27 The risk score was developed from a train-
ing set of 29 positive and 30 negative LNs. To facilitate
classification, equal probability contours were drawn at
probabilities 0.01, 0.50, and 0.99. These contours were
then used to classify 115 SLNs, with each contour pro-
viding a different threshold of certainty. Sensitivity, spec-
ificity, positive and negative predictive values, and over-
all classification accuracy were calculated relative to
each contour.

Results

Histological Analysis

Two pathologists independently reviewed all H&E and
IHC stained slides. The 29 positive LNs contained 20 to
100% tumor (median 85%). The 30 negative LNs were
confirmed to be free of tumor and any contaminating
tissues. The 120 SLN specimens were analyzed with both
H&E and IHC staining; 4 lacked LN tissue. The remaining
SLNs ranged from 0.2 to 4.5 cm in diameter with a me-
dian of 0.9 cm. Based on H&E staining of these 116
SLNs, both pathologists determined that 17 were positive
and 98 were negative. One SLN was discordantly inter-
preted, but this SNL was resolved to be positive by
subsequent IHC staining. However, 6 SLNs determined
to be negative by H&E analysis were discordantly inter-
preted by the pathologists when examined with IHC
staining. After reviewing the slides together, consensus
was reached on 3 SLNs whereas 3 specimens remained
equivocal. These data are also available in Supplemental
Table 1 (see http://jmd.amjpathol.org). Thus, the final SLN

Table 1. Oligonucleotide Primer and Probe Sequences Used in the GeneXpert Assay

Gene Oligonucleotide Sequence

GUSB RT primer 5�-TTTGGT TGTCTCTGCCGAGT-3�
Forward primer 5�-CTCATTTGGAATTTTGCCGATTTCA-3�
Reverse primer 5�-CCGAGTGAAGATCCCCTT-3�
Probe 5�-TGACTGAACAGTCACCGACGAGAGTGCTGG-3�

PIP RT primer 5�-GGGAATGTCAAAATTCTTT-3�
Forward primer 5�-GCGAGCTCCAGCTCCTGTTCAG-3�
Reverse primer 5�-GGCGCAATTATGATCTTCCGAGTGTTGTC-3�
Probe 5�-CCAGCCCTGCCACCCTGCTCCTG-3�

TACSTD1 RT primer 5�-AGTTTACGGCCAGCTTG-3�
Forward primer 5�-GACGCGTTCGGGCTTCTGCTT-3�
Reverse primer 5�-GGCGAAGTTTTCACAGACACATTCTTCCTGAG-3�
Probe 5�-CGGCGACGGCGACTTTTGC-3�

Bases indicated in bold are noncomplementary tails added to increase primer melting temperature in later PCR cycles.
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tissue set for QRT-PCR analysis comprised 21 positive,
92 negative, and 3 indeterminate SLNs. The 21 positive
SLNs were determined to contain 1 to 100% tumor cell
representation with a median of 30%.

QRT-PCR Assay Characteristics

The GeneXpert assay was initially tested and optimized
for PCR efficiency, linearity of amplification, and dynamic
range using laboratory standards (Supplemental Figures
4–6, see http://jmd.amjpathol.org). The optimized assay
was then assessed for reproducibility. The three sites
(MSSM, UPMC; and MUSC) each received blinded, syn-
thetic LN samples (4 samples each of 7 dilutions for 28
tests per site). The distribution of samples between sites
and the overall performance of the GeneXpert breast
cancer assay are shown in Table 2. Four reproducibility
assays were not run at MUSC; therefore, a total of 256
assays were performed with 7 failures (2.7%): 1 was
aborted, 1 for probe-check failure, and 5 for endogenous
control gene failure.

Intra- and intersite reproducibility was calculated for
each target gene using �Ct as the comparator (Table 3).
Coefficients of variation ranged between 4 and 8%. We
tested the equality of intra-assay reliability with a permu-
tation test (2000 permutations). Intra-assay variation was
comparable among the three sites with the exception of
TACSTD1 measurement at MUSC (P � 0.0215). The 95%
prediction interval for a new value using the Cox statistic
of homogeneity of variance varied between 0.4 and 1
cycle. For interlaboratory comparisons, linear regression
models were fit to the dilution data such that the equality
of slope and intercepts among laboratories could be

estimated and tested (Figure 1, A–D). There were no
significant laboratory differences in the measurement of
TACSTD1. For PIP, the slopes were not different (P �
0.1854), but the intercepts were (P � 0.0001), with each
site differing from the others. The resulting model for
estimated PIP expression shows parallel slopes with con-
stant differences in intercept. Thus, we normalized PIP
expression to MSSM and applied correction factors to
PIP measured subsequently in SLN at MUSC and UPMC.

Determination of Molecular Classification Rules

Twenty-nine positive control LNs and 30 negative control
LNs were successfully analyzed on the GeneXpert (one
assay failed). TACSTD1 and PIP expression data from
these 59 valid assays are plotted in Figure 2A and show
clear separation of positive and negative LNs. These data
were then used to generate a logistic regression model
that produced equal probability risk scores based on the
probability that a LN is positive, given the observed dis-
tribution of dual-marker expression in negative control
LNs. Thus, the lines in Figure 2A represent equal proba-
bility cutoff contours at which any node below the line has
a less than 1, 50, or 99% probability of being positive,
respectively. Importantly, measured relative expression
levels for both markers were independent of the percent-
age of metastatic cells within the LN (data not shown).

Sentinel Lymph Node QRT-PCR Analysis

The equal probability risk contours were next applied one
at a time to the SLN data to provide a molecular classi-

Table 2. Overall Performance of GeneXpert Assays

Trial site Sample type No. of samples

GeneXpert run

Valid

Error

Aborted Probe check failed GUSB failed

UPMC Positive LN 10 10
Negative LN 10 10
SLN 30 30
Reproducibility 28 27 1

MUSC Positive LN 10 10
Negative LN 10 9 1
SLN 30 29 1
Reproducibility 24 22 2

MSSM Positive LN 10 10
Negative LN 10 10
SLN 56 56
Reproducibility 28 26 1 1

Totals 256 249 1 1 5

Table 3. Intralaboratory Reproducibility

PIP TACSTD1

MSSM MUSC UPMC MSSM MUSC UPMC

Within-dilution coefficient of variation (%) 5.8 7.3 5.8 4.4 6.8 3.7
Intraclass correlation coefficient 0.967 0.938 0.976 0.981 0.965 0.991
SE of measurement (�Ct) 0.389 0.488 0.330 0.265 0.373 0.205
95% prediction interval for a new measurement (�Ct) 	 0.763 	 0.956 	 0.647 	 0.519 	 0.732 	 0.403
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fication (positive or negative) for each SLN (Figure 2B).
Molecular classification using each of three probability
contours was then compared with the consensus pathol-
ogy classification to calculate accuracy parameters for
each classification rule. Accuracy for all cutoffs was high
(minimum accuracy � 97.3%). In addition, Table 4 dem-
onstrates how the use of different probability contours
influences sensitivity, specificity, positive predictive value
and negative predictive value. Notably, either 100% sen-
sitivity or 100% specificity can be achieved while main-
taining �97% overall accuracy. Finally, Figure 2B also
shows the three SLNs for which pathological consensus
could not be achieved. According to the molecular anal-
ysis, one LN with a marginal level of PIP expression had
a 0.06 probability of being positive and the other two LNs,

with intermediate levels of both PIP and TACSTD1 had
probabilities of 0.79 and 0.84 of being positive.

Discussion

We have shown for the first time that a rapid QRT-PCR
assay can be fully automated, reducing the technical
demands of performing the assay and resulting in excep-
tional reproducibility across testing environments. The
assay accurately characterized SLNs from breast cancer
patient specimens compared with conventional patho-
logical analysis including IHC and clearly surpasses cur-
rent methods of rapid assessment. Similar automated
assays for infectious disease applications have received

Figure 1. Observed and predicted PIP and
TACSTD1 relative expression from intralabora-
tory reproducibility experiments. Synthetic LN
samples representing seven serial dilutions (four
samples for each dilution) were sent to three
participating laboratories. The objective was to
assess assay reproducibility between and within
laboratories. A and B: Observed target mRNA
concentrations in �Ct as determined by UPMC,
MSSM, and MUSC laboratories. C: The estimated
concentration-dilution curve based on a linear
regression model. This model supports a sepa-
rate function for each laboratory that differs by
vertical distance and not by slope. D: The best
fitting regression model for TACSTD1 permits a
single concentration-dilution function for all lab-
oratories. Dotted lines in C and D are 95% con-
fidence bands for the expected �Ct.

Figure 2. A: A total of 59 training nodes (29
positive and 30 negative) were used to train a
risk probability classifier using expression of PIP
and TACSTD1. Three equal probability contours
were drawn to illustrate low (probability �
0.01), moderate (probability � 0.50), and high
(probability � 0.99) probability that a lymph
node is positive for micrometastasis. B: The
same classifier was then plotted against the ob-
served PIP and TACSTD1 in 115 sentinel lymph
nodes. The plotting symbols show the final
pathological results as negative (N � 91), posi-
tive (N � 21), or equivocal (N � 3).
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“moderate complexity” certification under the Clinical
Laboratory Improvements Amendment from the Food
and Drug Administration, expanding the number of clin-
ical environments capable of performing such analyses
to include most community hospitals (http://www.
genomeweb.com/dxpgx/fda-clears-cepheid-expert-mrsa-
test-first-moderate-complexity-diagnostic, last accessed
September 10, 2009).

Others have reported the use of RT-PCR assays to as-
sess SLNs from breast cancer patients,28–31 and two
groups have focused on the value of a rapid assessment.
Tsujimoto et al32 used a single-marker assay (CK-19) com-
pared with histology including IHC in a concordance study
of 325 LNs from 101 patients. They reported a 98.2% rate of
concordance between the two techniques using the upper
bound of marker expression from histology-negative LNs as
the discriminator rule. Likewise an RT-PCR assay for the
rapid detection of metastasis to LNs from breast cancer
patients has recently become commercially available (Veri-
dex, LLC, Raritan, NJ). This assay uses a two-marker ap-
proach (mammaglobin 1 and CK-19) amplified in separate
reaction tubes. Veridex reported that in a study of 412
patients, the RT-PCR assay classification of SLNs using
linear discriminator methods to establish decision rules re-
sulted in an 86.2% positive predictive value and a 94.9%
negative predictive value. Importantly, heterogeneity of re-
sults across laboratories in this study almost reached sta-
tistical significance (P � 0.066). Thus, the findings of others
are in agreement with our conclusion that an RT-PCR anal-
ysis can rapidly and accurately characterize SLNs from
breast cancer patients, but the reproducibility of other as-
says is questionable.

In contrast to these reports and in addition to being
automated, the GeneXpert assay differs in design be-
cause it incorporates an endogenous control gene in a
fully multiplexed assay, thus controlling for variations in
RNA loading and integrity that will occur during routine
clinical use. Determination of target expression relative to
this endogenous control may have contributed to the high
level of intra- and interlaboratory reproducibility we ob-
served; however, this reproducibility is also probably re-
lated to the automated nature of the assay. In addition, this
control in combination with the single-use, sealed cartridge
minimizes the risk of false-positive results from laboratory
contamination with amplification products. Finally, the Gen-
eXpert assay is uniquely controlled in that amplification of all
three targets is performed in a single tube, eliminating the
potential for differences in reagent availability or quality or
cycling parameters between reaction tubes.

We believe the most important aspect of our findings
centers on the ability of the assay to achieve 100% neg-
ative predictive value with minimal loss of accuracy. Be-

cause approximately 80% of SLN biopsies should prove
to be negative, implementation of this assay would result
in the majority of breast cancer patients being informed of
a favorable SLN biopsy result on emergence from anes-
thesia. Clinical dilemmas such as the appropriateness of
immediate breast reconstruction could be resolved. The
objective nature of QRT-PCR assay characterization of
SLNs may prove to be equally important. Most high-
volume breast cancer centers routinely review outside
pathology specimens, and differences in pathological
methodology and interpretation are a real clinical phe-
nomenon.13–16 Thus, a fully objective assessment such
as that provided by this QRT-PCR assay may have impli-
cations in the performance of multicenter trials.

Although the assay is able to produce 100% negative
predictive value, this is not in the setting of 100% accu-
racy. By our risk model, 3 of the 112 SLNs were found to
contain intermediate marker expression in the absence of
metastasis by histological analysis. Because this assay is
quantitative and the decision rules are based on the
probability that the SLN is negative, these “false-positive”
results cannot be simply dismissed as such. The statis-
tical probabilities that these three nodes are “like” benign
nodes from patients without cancer are 0.94, 0.21, and
0.19 (6, 79, and 81% probability that the nodes are pos-
itive). Unfortunately, a much larger sample set and long-
term patient outcome data are necessary to assess the
clinical significance of this level of marker expression.
Other studies are currently awaiting adequate follow-up
to address whether RT-PCR is capable of identifying
clinically significant signals in IHC-negative SLNs from
breast cancer patients.26,33

Our application of this statistical method to the QRT-PCR
characterization of SLNs is novel. We did investigate sev-
eral well-known classification methods including linear dis-
criminant, nearest neighbors, and recursive partitioning
analyses (data not shown). None of these methods was
superior to probability assessment. We believe the risk
score method has merit because it permits predicting the
actual probability of the presence of LN metastasis for an
individual patient, allowing the clinician to interpret these
intermediate values relative to the clinical scenario and not
be tied to the absolute (realizing the method will produce
100% predictive value in �97% of tests). We strongly sup-
port an approach in which these rare specimens with an
intermediate risk score are subjected to further analysis in
the hope of clarifying ambiguity in the status of the LN.

It is important to note that this study is limited by the
use of fresh-frozen tissues rather than formalin-fixed, par-
affin-embedded tissues. This optimizes the QRT-PCR as-
say while compromising histological analyses, which may
have contributed to the rate of observed discordance

Table 4. Probability Risk Assessment of QRT-PCR Characterization of SLN Compared with Histology

Rule Sensitivity (%) Specificity (%)
Positive predictive

value (%)
Negative predictive

value (%) Accuracy (%)

Low probability (0.01) of LN positive 100 96.7 87.5 100 97.3
Equal probability (0.50) of LN positive 100 97.8 91.3 100 98.2
High probability (0.99) of LN positive 85.7 100 100 96.8 97.3
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between the study pathologists and an equivocal result in
three specimens. Although methods of extracting RNA
from formalin-fixed, paraffin-embedded tissues are known,
these were inappropriate for our purposes as the goal was
development of a rapid assay.

In summary, a fully automated QRT-PCR assay is ex-
ceptionally accurate compared with conventional analy-
sis of breast cancer SLNs. The assay is reproducible
across three laboratory environments.
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