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therapy. Gene expression—based tests are proposed as diagnostic aids in cases with uncertain diag-
noses. This study directly compared the diagnostic accuracy of IHC analysis versus molecular classifi-
cation using a 92-gene RT-PCR assay for determination of the primary tumor site. This prospectively
defined blinded study of diagnostically challenging cases included 131 high-grade, primarily metastatic
tumors. Cases were reviewed and reference diagnoses established through clinical correlation. Blinded
FFPE sections were evaluated by either IHC/morphology analysis or the 92-gene assay. The final analysis
included 122 cases. The 92-gene assay demonstrated overall accuracy of 79% (95% CI, 71% to 85%) for
tumor classification versus 69% (95% CI, 60% to 76%) for IHC/morphology analysis (P = 0.019). Mean
IHC use was 7.9 stains per case (median, 8; range, 2 to 15). IHC/morphology analysis accuracy was
79%, 80%, and 46% when 1to 6 (n = 42), 7 to 9 (n = 41), and >9 (n = 39) IHC stains were used,
respectively, versus 81%, 85%, and 69%, respectively, with the 92-gene assay. Results from this blinded
series of high-grade metastatic cases demonstrate superior accuracy with the 92-gene assay versus
standard-of-care IHC analysis and strongly support the diagnostic utility of molecular classification in
difficult-to-diagnose metastatic cancer. (J Mol Diagn 2013, 15: 263—269; http://dx.doi.org/10.1016/
j.jmoldx.2012.10.001)
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In the United States, >270,000 patients present with metastatic
cancer each year [SEER Cancer Statistics Review, 1975-2009
(Vintage 2009 Populations), http://seer.cancer.gov/cst/1975_
2009_pops09. Accessed August 15, 2012.]. Accurate identifi-
cation of the primary site of tumor origin is fundamental for
optimal patient care. Outcomes have improved with the use of
site-specific chemotherapy, predictive biomarker testing, and
appropriate molecular-targeted therapies' ~”; however, each of
these relies primarily on a definitive diagnosis for site of tumor
origin. Likewise, clinical practice guidelines recommend
treating patients based on site of origin [NCCN Clinical Practice
Guidelines in Oncology (NCCN Guidelines), http://www.nccn.
org/professionals/physician_gls/f_guidelines.asp, last accessed
August 15, 2012]. Metastatic cancers often pose diagnostic
challenges: despite advances in imaging and pathologic tech-
niques, the primary site of tumor origin remains unknown or
uncertain in a quarter to a third of new metastatic cases.'®"!
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Published by Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.jmoldx.2012.10.001

Immunohistochemical (IHC) analysis serves as a corner-
stone technique in the pathologic evaluation of site of tumor
origin, especially in cases of poorly differentiated or
undifferentiated tumors; however, few studies have evalu-
ated the accuracy of IHC analysis in identifying the site of
origin, particularly in poorly differentiated metastatic
tumors. Individual IHC stains have varied sensitivity and
specificity and are not applied in an objective and stan-
dardized manner in routine practice. Several research groups
have developed and evaluated IHC diagnostic algorithms
using panels of IHC markers.'?'® A meta-analysis of these
studies reported that IHC analysis had an accuracy of 66%
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in the characterization of metastatic tumors.'” Given that
optimal therapeutic approaches often depend on a definitive
diagnosis, this relative lack of diagnostic accuracy in this
setting represents an important unmet clinical need.

Recently, gene expression—based tests have been used
as diagnostic complements to standard clinicopathologic
evaluation. These molecular classifiers have been clinically
validated and have demonstrated overall sensitivities ranging
from 83% to 89%18_21; however, their performance has
never been directly compared with that of IHC analysis. This
study is the first, to our knowledge, to directly compare the
diagnostic accuracy of IHC analysis versus molecular clas-
sification for determination of the primary tumor site and
tumor subtype in a series of difficult-to-diagnose high-grade
metastatic tumors.

Materials and Methods

The primary objective of this prospectively defined, blinded
study was to compare the accuracy of a 92-gene molecular
classifier (CancerTYPE ID; bioTheranostics Inc., San
Diego, CA) with that of the standard morphologic exami-
nation with the aid of IHC analysis in determining the
primary site of cancer origin and tumor subtype in poorly
differentiated to undifferentiated neoplasms. Study approval
was obtained from the institutional review board at City of
Hope (Duarte, CA).

Tumor Specimen Selection

Tumor tissue was collected from 131 formalin-fixed,
paraffin-embedded archived tumor samples at City of
Hope. Cases were selected based on being challenges to
determine the primary site and were generally poorly
differentiated neoplasms without obvious histologic clues as
to site of origin. Well-differentiated tumors in which the
primary site could easily be identified or suspected histo-
logically (eg, metastatic papillary carcinoma of the thyroid)
were not included. The cases were primarily metastatic;
however, some primary tumors were included such that
primary tumors in common areas of metastatic presentation
(eg, lung or liver) could not be ruled out based on inclusion
criteria alone. Cases were reviewed (by L.M.W. or P.C.) and
reference diagnoses for the primary site of origin were
established by clinical correlation using patient history and
clinical, pathologic, and imaging information. The gold
standard for the study was usually the clinical information
supplemented by previous pathologic studies; indeed, some
of these patients had an accurate cancer diagnosis for many
years and underwent biopsy to rule out the possibility of
a second primary site or another disease.

The inclusion criteria for sample selection were
i) formalin-fixed, paraffin-embedded tissue; ii) primary
tumor site of origin verified by strong clinical or other
correlates; iii) tissue from excisional or core needle biopsies
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with sufficient tissue for processing at both study sites (see
later herein); iv) poorly differentiated to undifferentiated;
v) and biopsied and processed <6 years before the study.
The exclusion criteria included no tumor on pathology slide
review and RNA quality did not pass the quality control
cutoff point for the 92-gene assay.

Study Conduct and Assay Protocols

Tissue sections were collected, deidentified, coded, and
sent in a blinded manner to two study sites for analysis:
92-gene RT-PCR assay (bioTheranostics Inc.) and THC
analysis (Clarient Inc., Aliso Viejo, CA). Only sex and
biopsy site information were provided for each case. The
92-gene assay was performed on isolated total RNA as
previously described.' Cases exceeding the PCR analytical
cutoff point for internal controls were considered quality
control failures. Briefly, a prespecified computational algo-
rithm generates probabilities for primary tumor site of origin
based on degree of similarity of the expression of the
92 genes to a reference database with gene expression data
from >2000 tumors of known origin.'"® THC analysis
predictions were based on a Board-certified pathologist’s
review and interpretation of morphologic features (on
H&E-stained slides) and on up to 15 blank slides for the
performance of IHC stains of the pathologist’s choosing for
each case. Each pathologist had access to a catalog of >100
standard antibodies for their use. Primary site predictions
were made after consensus review of each case by two
pathologists. For both study sites, predictions were scored
within a standardized, clinically relevant categorization
system designed by City of Hope including a main type
based on organ system and a subtype when applicable
(Table 1).

Statistical Analysis

Sample size powering calculations assumed an a. of 0.05 and
a 2-sided test, and estimated sensitivities of 83% for the
92-gene assay' **% and 65% for IHC analysis.'” One hundred
twenty-five samples were required to provide 80% power to
detect a difference in accuracy. Although powering calcu-
lations were based on a conservative independent sample
assumption,? statistical significance was determined using
a matched-pairs design (McNemar test, see later herein),
with the P value based on the proportion of discordant
predictions.

Study unblinding and data analysis were conducted by an
independent third party not involved in any aspect of the
sample processing (Powered 4 Significance LLC, Blooms-
bury, NJ). The primary end point was overall accuracy
(assay sensitivity), defined as the number of correct
predictions divided by the total number of evaluable cases.
The Cohen kappa statistic was calculated to assess the
agreement between the prediction and the reference diag-
nosis of tumor type, which adjusted for agreement due to
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chance alone.”* Sensitivity calculations were performed
at the main type (organ system) and subtype levels. A
comparison of the overall sensitivities between the 92-gene
assay and IHC analysis was performed using the McNemar
test on paired proportions.” Specificity was defined as the

Table 1  Evaluable Main Types (Organ System) and Subtypes;
Correct Predictions by IHC/Morphology Analysis and 92-Gene Assay

92-gene

Tumor main type and IHC/morphology assay

subtype Evaluable analysis correct correct
Lymphoma 0
Melanoma 2 0 0
Sarcoma 7 6 7
Gastrointestinal stromal 1 1 1
Other 6 4 6
Mesothelioma 1 0 1
Brain 0
Germ cell 0
Lung 24 16 18
Adeno 13 8 11
Squamous cell 7 4 4
Small cell 0
Other 4 1 0
Gynecologic 8 7 7
Surface ovary 5 5 5
Uterus 3 1 0
Cervix 0
Other 0
Gastrointestinal 26 24 24
Colon/appendix 17 16 16
Small intestine 0
Stomach/ 5 3 3
esophageal adeno
Pancreaticobiliary 4 3 2
Other 0
Urinary bladder 11 5 9
Urothelial 11 5 9
Other 0
11. Kidney 13 10 10
12. Endocrine 9 5 5
Ovarian stromal 0
Adrenocortical 0
Panganglioma/ 0
pheochromocytoma
Thyroid 4 1 2
Carcinoid/islet cell 3 1 3
Nonlung, small cell 0
Other 2 1 0
Hepatocellular 1 1 1
Head and neck/ 3 2 2
esophageal squamous
Salivary gland 1 0 0
Prostate 4 2 4
Breast 11 6 8
Thymus 0
Meningioma 0
Skin Basal Cell 1 0 0
Total: main type (subtype) 122 84 (75) 96 (88)
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proportion of true-negatives correctly identified. Overall
specificity was calculated as the weighted average of the
specificities for all tumor types, weighted by the sample size
used in the calculation of specificity for each tumor type.
Although the study was not powered to compare accuracy
within individual tumor classes, sensitivity and specificity
within tumor classes were calculated for each study arm.

Results

One hundred thirty-one cases were originally identified for
study. One case was eliminated from the study because no
tumor was present in the residual paraffin block, and eight
cases were eliminated from the study because of inadequate
RNA (three of these latter specimens were derived from
bone specimens that had been decalcified before paraffin
embedding). The primary sites of the evaluable 122 cases
are summarized in Table 1. The most common primary sites
included the lung (n = 24), colon (n = 17), kidney (n =
13), urinary bladder (n = 11), and breast (n = 11). The
means £+ SD age of the evaluable patients was 61.0 £+ 14.3
years. Men composed 48% of the population; 90% of the
cases were metastatic.

Evaluable cases and number of correct predictions for each
main type category are shown in Table 1. Mean IHC use was
7.9 stains per case (median, 8; range, 2 to 15); only one case
required use of all 15 slides. In the IHC/morphology analysis
arm, the primary site of origin was correctly identified in 84
of 122 cases (69%), including 16 of 24 lung (67%), 24 of 26
gastrointestinal (92%), 10 of 13 kidney (77%), 5 of 11
urinary bladder (45%), and 6 of 11 breast (55%) cases.
Overall sensitivity and specificity at the main type/organ
system level were 69% (95% CI, 60% to 76%) and 99% (95%
CI, 98% to 99%), respectively (see Table 2 for sensitivity and
specificity by tumor type). Agreement between the IHC
analysis prediction and the adjudicated diagnosis, as
measured by the Cohen kappa statistic, was 0.65. At the
subtype level, correct predictions were made in 75 of 122
cases (61%), including 16 of 17 colorectal (94%) and 8 of 13
lung (62%) adenocarcinomas. Overall sensitivity and speci-
ficity at the subtype level were 61% (95% CI, 53% to 70%)
and 99% (95% CI, 99% to 99%), respectively. Fourteen cases
were classified as unknown carcinoma. The most common
tumor types classified as unknown were breast (n = 4), lung
(n = 3), kidney (n = 2), and prostate (n = 2).

The 92-gene classifier correctly identified the primary site
of origin in 96 of 122 cases (79%), including 18 of 24 lung
(75%), 24 of 26 gastrointestinal (92%), 10 of 13 kidney
(77%), 9 of 11 urinary bladder (82%), and 8 of 11 breast
(73%) cases. The overall sensitivity and specificity were
79% (95% CI, 711% to 85%) and 99% (95% CI, 98% to
99%), respectively. The prediction of the 92-gene classifier
had a kappa statistic of 0.76 for agreement with the adju-
dicated diagnosis. At the subtype level, correct predictions
were made in 88 of 122 cases (72%), including 16 of 17
colorectal (94%) and 11 of 13 lung (85%) adenocarcinomas.
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Table 2  Sensitivity and Specificity of the 92-Gene Assay and IHC/Morphology Analysis at the Main Type Level and for the Colon/Appendix

Subtype
IHC/morphology analysis 92-gene assay

Main type No. Sensitivity (%) Specificity (%) Sensitivity (%) Specificity (%)
Melanoma 2 0 (0—66) 100 (97—100) 0 (0—66) 99 (95—100)
Sarcoma 7 86 (49—97) 98 (94—100) 100 (65—100) 98 (94—100)
Mesothelioma 1 0 (0—79) 100 (97—100) 100 (21—100) 99 (95—100)
Lung 24 67 (47—82) 94 (87—97) 75 (55—88) 95 (89—98)
Gynecologic 8 88 (53—98) 98 (94—100) 88 (53—98) 96 (91—99)
Gastrointestinal 26 92 (76—98) 93 (86—96) 92 (76—98) 97 (91—-99)

Colon/appendix subtype 17 94 (73—99) 97 (92—99) 94 (73—99) 99 (95—100)
Urinary bladder 11 45 (21-72) 99 (95—100) 82 (52—95) 99 (95—100)
Kidney 13 77 (50—92) 100 (97—100) 77 (50—92) 99 (95—100)
Endocrine 9 56 (27—81) 99 (95—100) 56 (27—81) 99 (95—100)
Hepatocellular 1 100 (21—100) 100 (97—100) 100 (21—100) 100 (97—100)
Head and neck/esophageal squamous 3 67 (21—94) 98 (94—100) 67 (21—94) 97 (92—99)
Salivary gland 1 0 (0—79) 100 (97—100) 0 (0—79) 98 (93—99)
Prostate 4 50 (15—85) 100 (97—100) 100 (51—100) 100 (97—100)
Breast 11 55 (28—79) 97 (92—99) 73 (43—90) 100 (97—100)
Skin basal cell 1 0 (0—79) 100 (97—100) 0 (0—79) 100 (97—100)
Total main type 122 69 (60—76) 99 (98—99) 79 (71—-85) 99 (98—99)

The 95% CIs are provided in parentheses.

Overall sensitivity and specificity at the subtype level were
2% (95% CI, 64% to 79%) and 99% (95% CI, 99% to
99%), respectively.

The difference in sensitivity between the two methods
was significant (P = 0.019 and P = 0.031 at the main type
and subtype levels, respectively; McNemar test). Table 3
shows the comparison between correct and incorrect
predictions of THC/morphology analysis and the 92-gene
classifier according to main tumor types and subtypes. At
the main type level, both methods identified the same
correct site of origin in 79 cases (65%). The 92-gene clas-
sifier correctly identified the major site of origin in which
IHC/morphology analysis was incorrect in 17 cases (14%):
the most common tumor types included bladder (4 of
11 cases), lung (4 of 24 cases, all adenocarcinomas), breast
(2 of 11 cases), and prostate (2 of 4 cases). IHC/morphology
analysis correctly identified the major site of origin in five
cases in which the 92-gene classifier was incorrect (4%): the
most common tumor type was lung (2 of 24 cases, both
squamous cell carcinomas). In 21 cases (17%), both
methods were unable to determine the correct primary site,
at least as determined by the gold standard. In 10 of these
cases, both methods identified the same incorrect site. In six
of these cases, the lung was either the correct site of origin
or was the incorrectly predicted site of origin.

Of the eight cases excluded owing to insufficient RNA,
IHC/morphology analysis had identified the correct primary
site in seven (overall sensitivity including these cases, 70%).

The number of IHC stains used per case was not specified
per protocol; however, a post hoc analysis examined the
accuracy of IHC/morphology analysis stratified by number
of IHC stains used (Table 4). When 1to 6 (n = 42) or 7 to
9 (n = 41) IHC stains were used, the correct primary site
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was predicted by IHC/morphology analysis in 79% and
80% of cases, respectively. In cases requiring >10 [HC
stains (n = 39), IHC/morphology analysis accuracy was
46%. In the same subsets, correct predictions were made by
the 92-gene classifier in 81%, 85%, and 69% of cases,
respectively.

Discussion

IHC/morphology analysis determined the primary site in
a series of poorly differentiated neoplasms in 69% of cases.
It is difficult to assess the literature for the efficacy of IHC
analysis in determining the primary site of metastatic
tumors, as controlled, blinded studies are rare. A reported
meta-analysis suggested a value of approximately 66%

Table 3  Comparisons between Correct and Incorrect Predictions

IHC/morphology analysis prediction

92-gene assay prediction Incorrect Correct Subtotal
Main type (organ system) level*
Incorrect 21 5 26
Correct 17 79 96
Subtotal 38 84 122
Subtype level'
Incorrect 25 9 34
Correct 22 66 88
Subtotal 47 75 122

*IHC analysis: sensitivity, 69% (95% CI, 60% to 76%), and specificity,
99% (95% CI, 98% to 99%); 92-gene assay: sensitivity, 79% (95% CI, 71%
to 85%), and specificity, 99% (95% CI, 98% to 99%); P = 0.019.

IHC analysis: sensitivity, 61% (95% CI, 53% to 70%), and specificity,
99% (95% CI, 99% to 99%); 92-gene assay: sensitivity, 72% (95% CI, 64%
to 79%), and specificity, 99% (95% CI, 99% to 99%); P = 0.031.
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Table 4 Post hoc Analysis of Performance Stratified by Number
of THC Stains Used

No. correct (%) [95% CI]
IHC/morphology analysis
33 (79) [64—88]
33 (80) [66—90]
18 (46) [32—61]

No. of IHC stains
1-6 (n = 42)
7=9 (n = 41)
10—15 (n = 39)

92-gene assay

34 (81) [67—90]
35 (85) [72—93]
27 (69) [54—81]

based on a small number of older series.'” Given the
increased number of antibodies with high specificity and
good discriminatory ability currently available (TTF-1,
CDX-2, PAX-8, etc), one might have expected stronger
performance; however, an important consideration is that
the study was not designed to examine neoplasms typically
encountered in daily practice. These cases were specifically
selected to challenge the two methods to their utmost. Cases
that were missed by IHC/morphology analysis often lacked
the organ-specific antibody expression that many patholo-
gists have come to rely on (data not shown). Another
category of case frequently missed by IHC/morphology
analysis included bladder carcinoma, which lacks reliable
organ-specific antibodies and frequently loses its distinctive
keratin profile in poorly differentiated tumors.

Previous studies of the 92-gene assay have reported
sensitivities of 83% to 87%.'®** In the present study, the
sensitivity was similar, at 79%, suggesting that the RNA
profile used by the 92-gene classifier is retained to a large
extent even in poorly differentiated metastatic tumors. The
overall sensitivity of the 92-gene classifier may be under-
estimated herein, compared with previous studies, owing to
differences in tumor class representation between studies.
For example, the 92-gene classifier has demonstrated high
accuracy in several tumor types not represented in this study
(eg, germ cell, lymphoma, and brain).

In this study, the accuracy of the 92-gene classifier was
statistically significantly higher than that of IHC/morphology
analysis, suggesting that poorly differentiated tumors may
retain their RNA profile to a significantly greater extent than
their morphologic and protein profile, as detected by a light
microscope using currently available IHC reagents. More-
over, the 92-gene assay uses the collective expression of the
biomarker panel to classify tumors rather than relying on one
or a few tumor markers, which may have atypical expression
or loss of expression in a poorly differentiated tumor. Neither
method successfully identified the primary site in 21 of the
122 cases, at least as determined by the primarily clinically
driven gold standard. It is possible that these neoplasms have
lost all recognizable characteristics of their organ of origin;
however, it was interesting to note that in half of these cases,
both methods predicted the same incorrect site, and in most of
these cases, the lung was either the presumed primary or
metastatic site. It is well-known that it is often difficult to
determine the primary site in patients with patterns of disease
that include the lung versus another site in the differential
diagnosis. It is possible that the IHC/morphology analysis
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and the 92-gene classifier actually found the true primary
sites in some of these cases; thus, the sensitivity of both
methods may be underestimated.

Accurate tumor classification is fundamental in personal-
izing cancer care, particularly in patients with metastatic
disease. Site-specific chemotherapy regimens, choice of
biomarker tests, and biomarker-driven molecular-targeted
therapies all depend on definitive and accurate tumor classi-
fication. For example, an accurate diagnosis of metastatic lung
adenocarcinoma indicates for biomarker testing for EGFR
mutations, ALK gene rearrangement, and other biomarkers
with emerging evidence and/or therapies in clinical devel-
opment (eg, KRAS, c-MET, and ROS ). Similarly, the targeted
RAF inhibitor vemurafenib is highly effective for metastatic
melanoma with the BRAF V600E mutation but is ineffective
against colorectal cancers harboring the same mutation.”°
These scenarios are only likely to increase in the future, as
more targeted therapies and companion diagnostic biomarker
tests are developed and become available for patient care.
Recently published data directly support the clinical utility of
molecular tumor classification in the most difficult-to-
diagnose metastatic cases, ie, cancer of unknown primary
site. In this prospective clinical trial of patients diagnosed as
having cancer of unknown primary site, many of whom had
poorly differentiated or undifferentiated tumors, those who
were treated with site-specific therapy based on the 92-gene
assay molecular diagnosis had overall survival of 12.5
months, a result that compared favorably with patients from
previous prospective trials of patients with cancer of unknown
primary site who were treated with empirical regimens
(9.1 months) and in a subset of patients in this trial treated with
empirical regimens (4.9 months).?”-*®

There are several limitations to this study. First, case
selection was not representative of daily practice in that
case selection specifically identified difficult-to-diagnose
tumors; thus, the study is not reflective of—and likely
underestimates—the overall accuracy of both methods.
However, the study results highlight an important unmet
need in standard of care: atypical expression of IHC protein
markers may result in false-negative diagnoses [eg, TTF-1—
negative lung adenocarcinomas, PSA-negative prostate
carcinoma, and Pax-8—negative renal cell carcinoma, all
examples that occurred in this study (data not shown)].
Second, this study was not powered to examine differences
in specific tumor types; thus, the conclusions apply when
considering the universe of all subtypes examined, as in
daily practice, but may not be true for any one particular
subtype. Finally, although the two study sites received
sequential tumor sections, tumor heterogeneity could have
played a role in different predictions in some cases.

The present study demonstrates a role for molecular studies
in the diagnosis of carcinomas of unknown or uncertain
origin, although their precise clinical indication requires
further clarification. The selection of IHC analysis versus
molecular studies should depend on multiple factors, inclu-
ding clinical suspicion of a specific primary site, pathologic
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suspicion of a specific primary site based on the morphologic
findings, type of specimen, amount of tissue for study, clin-
ical need in the specific patient (eg, how useful would organ-
specific therapies be in the specific patient), and the costs of
each technology. Settings that might favor primary use of
IHC analysis include scenarios where there is a strong
suspicion of the primary site based on clinical or morphologic
information (which might require a relatively small battery
of directed stains), when the tumor is relatively well-
differentiated such that appropriate organ-specific immu-
nostains would be expected to be reactive, or in specimens
requiring rigorous decalcification (which might degrade
mRNA). An added advantage of IHC is that stains can be
performed in an incremental manner. Settings that might
favor primary use of molecular studies might be situations
with no or few specific clinical or morphologic clues to the
primary site, the most poorly differentiated neoplasms (in
which organ-specific antibodies might be least useful), or
specimens with insufficient tissue to apply a large battery of
IHC studies. Either IHC or molecular studies may be poten-
tially useful in the situation where the other method has been
applied and was unsuccessful in determining the primary site
or obtained a result that did not fit clinically. For example, in
this study, when a larger number of IHC stains was required
(more than nine), IHC/morphology analysis accuracy was
just 46% compared with 69% with the 92-gene assay in the
same cases. Although these data are limited, consideration
should be given to referral for molecular studies in cases
requiring more than nine IHC stains to establish the organ of
origin, as IHC analysis had the lowest yield in this setting.

In conclusion, this study is the first, to our knowledge,
to directly compare the diagnostic accuracy of IHC/
morphology analysis with molecular classification for the
determination of primary tumor site and tumor subtype. In
clinical practice, identification of a primary site remains
equivocal in many cases, particularly when the clinical
presentation is atypical and/or IHC analysis results are
equivocal, as is frequently the case in poorly differentiated
and undifferentiated metastatic disease. Gene expression—
based molecular classification provides a complementary
approach to IHC analysis, with a standardized and objective
protocol and high accuracy. The results of this study strongly
support the diagnostic utility of molecular classification in
difficult-to-diagnose metastatic cancer.
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