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Multicenter Validation of a 1,550-Gene Expression Profile

for Identification of Tumor Tissue of Origin

Federico A. Monzon, Maureen Lyons-Weiler, Ljubomir |. Buturovic, C. Ted Rigl, W. David Henner,
Christin Sciully, Catherine I, Dumur, Fabiola Medeiros, and Glenda G. Anderson

A B S T R A C T

Purpose
Malignancies found in unexpected locations or with poorly differentialed morphologies can

pose a significant challenge for tissue of origin determination. Current histologic and imaging
technigues tail to yield definitive identification of the tissue of origin in a significant number of
cases. he aim ot this study was to validate a predefined 1,5650-gene expression profile for
this purpose.

Methods
Four nstitutions processed 547 frozen specimens representing 15 tissues of origin using

oligonucleotide microarrays. Halt of the specimens were metastatic tumors, with the remainder
being poorly differentiated and undifferentiated primary cancers chosen to resemble those that
present as a clinical chalienge.

Results
In this blinded multicenter validation study the 1,550-gene expression profile was highly

intormative In tissue determination. The study found overall sensitivity (positive percent
agreement with reterence diagnosis) of 87.8% (85% CI, 84.7% to 90.4%) and overa!l
specificity (negative percent agreement with reference diagnosis) of 99.4% (95% Cl, 98.3%
to 99.9%). Pertormance within the subgroup of metastatic tumors (n = 258) was found to be
slightly lower than that of the poorly differentiated and undifferentiated primary tumor
subgroup, 34.5% and 90.7%, respectively {P = .04). Differences between individual labora-
tories were not statistically significant.

Conclusion
This study represents the first adequately sized, multicenter validation of a gene-expression profile

for tissue of origin determination restricted to poorly differentiated and undifferentiated primary
cancers and metastatic tumors. These results indicate that this profile should be a valuable
addition or alternative to currently available diagnostic methods for the evaluation of uncertain

primary cancers.

J Chin Oncol 27:2503-2508. © 2009 by American Society of Clinical Oncology

tumor tissue of origin (TOO) has been
reported,’”'" and these studies indicated that
metastatic and poorly-differentiated specimens
pose a significant challenge to gene expression—
based classifiers.

To our knowledge, we present the first blinded,
multicenter validation study conducted on a gene
expression—based test to identify the tissue of or-

LVldEI'lCE‘.‘ based management indicates that a
thorough 1nvestigation of uncertain primary
cancers should be performed to assist in thera-
peutic decisions.”* This is typically carried out
with immunohistochemistry (IHC) panels on the
tumor specimen, and advanced whole body or

site-directed imaging tests."”™ This work-up is
assoclated with considerable resources, time, and
expense”®’; however, the primary site remains
unidentified in up to 30% of patients who
present with an uncertain primary cancer.'®’
Thus new approaches are needed to reduce diag-
nostic uncertainty i these patients. The use of
gene expression—based signatures for classifying

igin, the Pathwork Tissue of Origin Test (Pathwork
Diagnostics, Sunnyvale, CA). An interlaboratory re-
producibility study of the 1,550-gene expression
profile has been described previously.’
tant aspects of this study are: it is the first clinical
validation of significant size (> 500 specimens) to be
performed on a test for TOO; and it is the only
reported study conducted entirely with metastatic

" Two impor-
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tumors and poorly differentiated or undifferentiated primary tu-
mors chosen to resemble the expected population of difficult to
diagnose cancers.

Patients and Tumor Specimens

Tumor specimens or tumor-derived microarray gene expression files
from 622 patients were screened for inclusion. Three hundred fifty-one frozen
tissuc specimens were obtained from the Health Sciences Tissue Bank at the
Unuversity ol Pittsburgh (UPitt}, the Mayo Clinic tissue bank, and commercial
providers: Cytomyx (Lexington, MA), Protcogenix (Culver City, CA), and
Asterand (Detroit, MI). In addition, electronic files of microarray data on 271
tumors were obtained from the International Genomics Consortium (1GC;
Phoenix, AZ}. Criteria for inclusion for frozen specimens were: = 0.1 g of
frozen tissue, histologic verification of minimal necrosis (= 20% of tumor
tissue}, and sufficient tumor representation (= 60% of tissue examined).
Histologic verification was performed by a pathologist at the institution pro-
viding the tissue sample, who visually estimated the percent tumor cells.
Inclusion criteria for all specimens (tissues and microarray files) were: charac-
terization as a poorly differentiated or undifferentiated prumary tumor (Amer-
ican Jomnt Commuttce on Cancer grade 3 or 4, or “high grade” in pathology
report), or a metastatic tumor; and classification by the original pathology
report as one of the 15 tissue types on the Pathwork TOOQO test panel {(Data
Supplernent Table [, online only). Sixtecen specimens were excluded due to
off-panel morphology: 45 due to less than 60% tumor content, 23 due to more
than 209% necrosis, and six due to microarray quality control failures. A total of
547 specimens met all inclusion criteria for the validation analyses, with no
fewer than 25 specimens for each of the 15 tissues on the panel. Character-
istics of patients and tumor specimens arc presented in Table 1. All speci-
mens were collected and de-identified under institutional review board

approved protocols.

Specimen Processing and Gene Expression Assays

Each specimen processing laboratory was trained to perform the test, and
proficiency in performing the assay at each laboratory was verified using
known total RNA samples and tissue from known specimens (n = 8 to 10). All
laboratories obtained the correct tissue identification for these performance
tratung samples (data not shown),

Table 1. Patients and Tumors Characteristics Included in This Study
(_haracteristic NO. Y%
Tumaor - .
-~ Metastatic | | 258 o 47
- Primary | . . I
- Grade 3 DU o 185 o 34
Grade 4 | 68 o 12
Not graded” | 36 7
Fatient
Age, yearst
<~ 50 147 20
H0-H9 133 24
60-69 139 25
= 70 132 74
Sexd
Male 294 46
[ emale 290 53
"Melanoma, thyroid, and lymphoma tumors are not normally graded.
| Age data were available for 546 of B47 patients.
Foex data were avallable for 544 of 547 patients.
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For the 547 spectmens in the validation cohort, 276 frozen tumor tissues
were processed at the Clinical Genomics Facility of UPitt, Cogenics (Morris-
ville, NC), and the Mayo Clinic as outlined in Figure 1. Tissue processing
methods have been previously described and additional details are presented
i Data Supplement Table 2 {online only)."” Samples were hybridized to one of
three microarrays: Pathwork Diagnostics Pathchip, Affymetrix GeneChip
HG-UI33A or HG-U133 Plus 2. The arrays were scanned using the Affymetrix
GCS3000 scanner and intensity levels calculated using Aftymetrix GCOS81.1.3
or 1.4. The resulting raw intensity data files ((CEL), including the 271-gene
expression data files from IGC, were processed at Pathwork Diagnostics for
automated analysis and rcport generation. Probe-level intensity data were
transformed into gene expression values and standardized using the 121-gene
standardization method whose performance has been previously de-
scribed,'™'® before applying the 1,550-gene profile. Data from the 276 frozen
tumor specimens have been deposited to the NCBI Gene Expression Omnibus
(GEOY under series accession number GSE12630. GEO accession numbers
for the 271-gene expression data files from IGC are listed in Data Supplement

Table 3 (online only).

1,550-Gene Profile for Tumor Tissue of Origin Identification

The 1,550-gene profile was trained using gene expression data files from
a panel of 2,039 tumors comprising 15 tissue types and 60 different morphol-
ogies, as Hlustrated in Figure 2 and detailed in Data Supplement Table 1. The
traiming set 1ncluded both primary and metastatic tumors and well-
differentiated to undifferentiated turnors. None of the validation specimens
were used for algorithm training.

The 1,550-genc profilc isa proprietary algorithm that uses the expression
level of 1,550 transcripts to perform pair-wise comparisons between the test
sample and each of the 15 tissues on the test pancl. The results are presented as
I5 sumdarity scores, one for each tissue included in the test panel.

Betore analysis of the clinical validation study data, the 1,550-genc
profile was locked based on its performance with the training data, Similarity
score thresholds for determining absence and presence of tissue in the sample
were also locked. The similarity scores were probability based, with a reported
range from 0 to 100, and all 15 scores sum to 100. A similarity score of 30 or
above mdicates the presence of a given tissue in the specimen; a similarity
score of 5 or less indicates the absence of a given tissue. Similarity scores
between 5 and 30 are considered indeterminate. These criteria were used to
make a tissue determination for each specimen.

The Pathwork System Software and 1,550-gene profile produced an
automated report (Fig 1) for cach specimen. An assessment of the biologic

TE ':; EUP g -’:EU!T: F Prﬂﬂesqed at T
Uﬂwerm_t_y__;:r{ Pittuhiirf;h f{i':'; VE FSIW ofFittsburgh =% 4 omated report produced

ﬂuﬁ Baﬁk _____ o ﬂ Hi for each SDEEiI’ﬂEH

n=od/

Investigator given biopsy site
and report to make tissne of
origin determination

 Tissug L]EI!:‘IIT’EHHIIUH cor umrﬁi
ta reterence riiagni:ts:s 0
avaluate performance
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Fig 1. Validation study design. Gene expression data from 547 tumor samples
generated by muiltiple laboratories were proccssed by the Pathwork Tissue of
Origin test (Pathwork Diagnostics, Sunnyvale, CA) software. The lest software
transformed data into gene expression values, performed data verification and
standardization, and generated reports that were evalualed in a blinded tashion
by the investigators.
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Fig 2. Development of the 1,550-gene prolile lo idenlily tissue of ornigin. A
1Z27-gene standardization algonthm was used. The 1,550gene profile for tissue
ot ongin wentification was trained using 2,038 primary and metastatic turnors.
The algorithm was locked and throsholds for peoasitive, negative, and indetermi-
nate calls were predetermined betore the multicenter validation,

plausibility for gene-tissue associations for the 60 genes with the strongest
correlations with mdividual tissues 15 available in the online only Appendix.

Validation Study Design

The objective of this study was to determine the performance character-
istics of the Pathwork Tissue of Origin Test in the identification of TOO for a
series of metastatic and poorly difterentiated or undifferentiated primary tu-
mor speamens of known ortgin, which was considered the reference diagno-
515. These specimens are representative of those that would likely be designated
as uncertain primary cancer after initial histologic evaluation, The study eval-
uated agreement between the tissue determination made using the 1,550-gene
profle and the relerence diagnosis for each specimen. We also evaluated the
nonagreement and indeterminate fractions.

Technical personnel performing the gene expression assays and in-
vestigators who interpreted the Pathwork Tissue of Origin Test results for
making a tissuc determination were blinded to patient sex, histology, or
morphology information, and reference diagnosis. When making the tis-
sue determination, investigators were provided only biopsy site and the 15
similarity scores for each specimen. Matching of reference diagnosis and
the predicted site of origin was performed by an investigator not involved
with any aspcct of sample processing or tissue determination who was
blinded to all the above information. Results were stratified by type of
tissue (primary v metastatic), by processing site, and by site of origin, all of
which are potential sources of variability.

Statistical Methods
Power calculations were based on the estimated 88% sensitivity
found in cross-validation analyses of the training data set. Sample size was

14114 1.-'1.*_';.:{ L Or g

determined by calculating the minimum number of samples needed to
detect a 5% reduction in performance (ie, a decrease from 88% to 8§3%
sensitivity), determined to be clinically significant. One-tailed calculations
indicated that 540 specimens would provide 95% power to detect this
difference at a significance level of .05. We targeted no fewer than 25
samples per tissue type with a distribution reflecting the incidence of
individual cancers, subject to specimen availability.

For each specimen, a tissue determination was made using the reported
similarity scores and criteria described carlier, and compared to the reference
diagnosis. A true-positive result was indicated when the tissue determination
matched the reference diagnosis. When the tissue determination and the
reference diagnosis did not match, the specimen was considered a false posi-
tive. For each tissue on the panel, sensitivity (or positive percent agreement)
was defined as the ratio of true positive results to the total positive samples
analyzed. Specificity (or negative percent agreement) was defined as the ratio:
(1 — false positive)/(total tested including indeterminate — total positive).
Dhagnostic odds ratio was calculated as (sensitivity/(1 — specificity)}/((1 —
specificity)/sensitivity).'®

Agreement With Reference Diagnosis

The 1,550-gene profile results showed 87.8% overall agreement
with the reference diagnosis (480 of 547; 95% CI, 84.7% to 90.4%) for
the 517 specimens. The overall sensitivity (positive percent agree-
ment) and specificity (negative percent agreement) were 87.8% (95%
Cl, 84.7% to 90.4%) and 99.4% (95% CI, 98.3% to 99.9%), respec-
tively (‘l'able 2). Diagnostic odds ratios for all ussues are significantly
greater than one, indicating that each of the individual tests is highly
informative. Similarity scores reported for each of the 15 tissues on the
panel for all samples are provided in Data Supplement Table 3. Overall
rate of nonagreement for these specimens was 7.1% (39 of 547; 95%
Cl, 5.1% t0 9.6%), and the rate of indeterminate calls was 5.1% (28 of
547; 95% Cl, 3.4% to 7.3%; Table 3 and Data Supplciment Table 4).

Analysis by Relevant Subgroups

The rates of agreement between the test result and the reference
dragnosis ranged from 94.1% for breast cancer specimens (n = 68) to
72.0% for gastric and pancreatic cancer specimens (n = 25 each; Table
3). Performance differences between tissue sites were statistically sig-
nificant (x* = 42.02; P = .04; df = 28, n = 547).

Performance of the test was found to be somewhat better with
primary turnors (90.7% agreement; n = 289) than with metastatic
specimens (84.5% agreement; n = 258) (Fisher’s exact method two-
sided > = .04). Rates of agreement between the test result and the
reference dlagnosis were 88.0%, 84.4%, 92.3%, and 89.7% at study
sites 1 (Clinical Genomics Facility), 2 (Cogenics), 3 (Mayo Clinic), and

4 (1GC), respectively, and these differences were not statistically sig-
nificant (y* = 4.4, P = .62; df — 6; n = 547).

Nonagreements and Indeterminates

Of the 39 tissue determinations that were in nonagreement with
the reference diagnosis, 11 matched the biopsy site for that sample, Of
the 28 specimens with indeterminate results, 25 reported no similarity
score above 30, and three reported two similarity scores greater than
30, neither of which could be excluded as the biopsy site. In 11 of these
28 indeterminate samples, the highest similarity score was that of the
reference diagnosis tissue, and in only one result was the reference
diagnosis ruled out due to a similarity score less than 5, When the 28

) 2008 by Anarican Soctaty of Cliveeal Oncology ZbUb
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Table 2. Sensitivity and Specificity of the 1,550-Gene Profile for Tissue of Origin ldentification
Sample Sensitivity Specificity
Algorithm Multicenter Positive % Negative %

Reference Diagnosis Development Validation Agreement Ratio 95% C Agreement Ratio 95% Cl
Bladder | 02 28 78.0 22/28 59.0t0 81.7 100.0 019/519 99.310 100.0
Breast 444, 68 94,1 64/63 85.6 10 984 98.3 4717479 96.7 to 99.3

Colorectal 253 56 92.9 52/56 82710980 99.2. 48749 97.91099.9
Gastric Sy 25 72.0 18/25 50.6t0 87.9 98.4 5189/522 98.31099.9
Germ cell | 121 20 - 73.3 22130 b4 11087.7. 100.0 517/517  99.310 100.0
Hepatoceltular 157 25 42.0 23/25 74.01t0 98.0 990 b21/527 98.8 10 100.0
Kidney | 47 . s . 849 37/39 82.7 to 88.4 - 998 650//508 98.8 10 100.0
Melanoma 22 20 0.3 21/26 60.6 10 93.4 99 .8 520/521 08.9 10 100.0
Non-Hodgkin's lymphoma . 97 33 939 31/33 78810933 . 994  511/514 98310999
Non—-small cell lung 62 31 87.1 27137 70.21096.4 98.6 0039/516 97210995
Ovarian 189 69 - 928 B4/69 83.91097.6 990 473/478 97.61099.7
Pancreas 43 25 72.0 18/25 50.6 to 87.9 938.8 24 1/924 98.9 to 100.0
Prostate 105 26 88.5 23/26 69.810976 - 100.0 521/521 93.310 100.0
Soft to tissue sarcoma 122 3 83.9 26/31 66.3 t0 94.5 98.4 513/516 98.3t0 99.9
Thyroid 63 35 914 32/3H 76910 98.2 99.6 510/512 98.61t0 100.0
QOverall 2,039 ha/ 87.8 A80/M4 7 cd./ 1090.4 99.4 NA 898.31089.9

indeterminate results were excluded, the overall accuracy was
92.5% (480 of 519).

Gene expression—based classifiers for clinical applications should
demonstrate strong reproducibility in sample processing, analytic per-
formance, and chnical reported result. In this study, we show that the
Pathwork Tissue of Origin Test can reliably identify the TOO i 87.8%
of the 517specimens tested, and in 81.5% of the metastatic specimens.
This compares favorably with current clinical practice standards, such
as IHC, which has shown 669% to 88% agreement in blinded tests.'”
The performance of this test also compares favorably with other gene
cxpression—based TOO classifiers with reported accuracies in the
range of 76% to 89%.'" "1 Moreover, the results of this clinical
validation study are consistent with the 86.8% agreement reported in
our previous study.'”

Published gene expression—based studies that show possible clin-
ical application are criticized for one or more common {laws: reuse of
the training samples in reported results, post hoc modification of the
algonthm or thresholds, madequate blinding, madequalte study size,
and mmappropriate handling of indeterminate results in reported per-
formance.””*® Many groups have published multigene algorithms
and results that demonstrate the promise of gene expression—based
classifiers in TOQ identification.’”' """ These studies have been
restricted to smaller numbers of spectmens (<X 120), often domuinated
by well-differentiated primary cancers, and have often allowed post
hoc modifications or enhancements to the algorithm design or
thresholds. For example, in the study by Ma and coauthors where a
panel of 92 genes was developed to identify 32 different tumor
types, the same training set was repeatedly used to test different
iterations of the classifier, and the final performance was evaluated
in 119 tumors where representation from each tumor type ranged
from ! to 10 specimens.”’ Thus, in this lest, correct identification ol
one single specimen was interpreted as 1002 accuracy for that tissue
Lype. Likewise, i a recent study by Rosenteld ot al, performance of a

2506 ) FUUY by American Society of Chinical Onaology

microRNA-Dbased classifier was evaluated 1n 83 specimens, and rep-
resentation of each of 22 tissue types ranged from 2 to 8 samples.*’
Clearly, these studies were inadequately sized to establish true diag-
nostic performance. In contrast, this validation study used 547
independent specimens with minimum tissue representation of 25
samples. Furthermore, Rosenfeld et al allowed post hoc enhancement
of the test’s performance by introducing a combination union classi-
fier where sensitivity was calculated based on correct identilicaion of
TOO Dby either one of two algorithms (decision tree or k-nearest
neighbor). Overall accuracy for the decision tree alone was 72% (60 of
83) for all samples and 59% (13 of 22) when only metastatic tumor
samples were considered,

This 1s, to our knowledge, the largest clinical validation study ofa
gene expression assay for TOO determination to date. The study was

designed and executed to avoid the common flaws mentioned earlier:
all of the specimens used in the validation of the test were newly
acquired; the algorithm was locked and thresholds predelermined
based on the training set before the analysis of the validation speci-
mens; iIndeterminate results arc appropriately included in the reported
performance; specimen identity was masked until the final analysis;
and Lhis study1s the first to be adequately sized to provide performance
data sufficient to support clinical use of a microarray-based test for
TOO determination. Other strengths of this study are the wide range
of tissues of origin cvaluated, the characteristics of the challenging
specimens, and the use of multiple laboratorics for tissuc processing
and microarray analysis.

In a clinical scenario, the uncertaintly of a Wumor’s origin usually
arises In the context of metastatic and/or poorly differentiated to
undifferentiated malignancies, and some of the previously pub-
lished gene expression—based classifiers have shown decreased per-
formance with less differentiated tumors.'” Our results show that this
test can identify the tissue of origin in poorly differentiated and undif-
ferentiated tumor specimens, which is the clinically relevant popula-
tion, since well-differentiated tumors rarely present a diagnostic
challenge. Interestingly, we found a small but statistically signifi-
canl reductonin the accuracy ol the lest when primary cancers and

Ao ar, oF Oramicar ey
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Table 3. Effect of Possible Sources of Variability in Tumor Tissue of Origin Test Performance
Agreement Nonagreement Indeterminate
Performance by No. of Specimens No. % No. Y% NO. %
Reference diagnosis* | | . | . S o
Bladder 28 - 22" 786 e d 143 2 L7
Breast B8 64 941 4 59 0 <0
Colorectal 56 52 929 4 7.1 0 < 0
Gastric 25 18 72.0 4 16.0 3 12.0
Germ cell 30 22 73.3 3 10.0 5 16.7
Hepatoceliular 25 23 92.0 0 < 0.1 2 3.0
Kidney 39 37 94.9 1 26 T 2.6
 Melanoma 26 21 808 2 77 3 115
Non-Hodgkin's lymphoma 33 31 93.9° 1 3.0 1 3.0
Non-small-cel iimg e 31 27 8?'..__1 ? 6.5 2 6.5
Ovarian - -89 64 92.8 =3 4.2 . 219
© Pancreas 25 18 720 5. 200 2 80
o prostate B 26 B o by | 88,5-: . _. 'E”:;;';.:f. - 38 IIIIII | 2 ..... 0 .
Soft tissue sarcmma 31. 26 TH3.9 - 3 g7 T 20 6.5
Thyroid 35 | 32 814 2 b ] 2.9
 Overall 547 - 480 B 878 39 ?,{ a 5} __
 Overall 95% CI o - U B471w804 . 7 5110986 34173
Vlietastatic v priumary tumor samplest
Metastatic 758 2187 84.5 23 8.9 17 6.6
Poorly and undifierentiated prnimary 259 262 90.7 16 5.5 (N 3.8
" At cach processing laboratoryd. o e
GO ._ | L 271 . .2_43{5.;,; 89 7.0 = B 66‘ | o 'IU - 3?
 Cogenics B0 - 57 BAaL 1500 BRe 13 7.9
CCGFUPIt 83 73 880 5 8O b 6.0
Mayo clinic | }:3 19 923 . ] R g | 0 R < (1
Abbreviations: 1GC, International Genomics Consortium; CGF, Clinical Genomics Facility; UPitt, University of Pittsburgh.
Y= AP0 P = 04 df = 28. N = 547,
IFisher's axact method two-sided # = .04,
iyt — 44 P— 62 df - 6; N - 547

metastatic tumors were compared (90.7% and 84.5%, respectively).
However, the performance in the metastatic samples still compares
favorably with IHC, which 1s the current standard of care for tissue of
origin identification. Importantly, similarly sized validation studies of
[11C panels 1n clinical use today have not been performed, and in one
of the largest blinded studics of IHC performance, Dennis and coau-
thors™ reported 67% accuracy (20 of 30) in metastatic samples using a
predetermined panel of ten antibodies,

Cne of the lnmitations of our study was the inability to indepen-
dently verily the reference diagnosis used to assess the accuracy of the
lest. The diagnosis was extracted from the surgical pathology report
that accompanied the specimen at the time it was banked. It is possible
that some of these diagnoses are incorrect and this could result in an
over- or underestimation of the test’s accuracy. Another limitation is
the requirement lor frozen tissue. In many instances, the need to
perform a nissue of origin determination is not known until after the
specimen has been fixed. Although for this study we specified the need
for = 0.1 g of tumor Ussue, the assay requires 1 g of total RNA; this
quantity is obtainable from a needle core specimen if adequate (urnor
representation 1s present. However, validation of needle core biopsy
material and/or formalin-fixed paraffin embedded tissues should be
performed in separate studies.

Thus test 1s designed to be interpreted by a pathologistin conjunc:
hon with pathologic examination of the tissue and in consultation
with the surgeon/oncalogist. This is especially important in paticnls
where tie dillerental between o prunary and a melastalic lumor 1S

WM, FC0, 1

being considered, since the metastatic tumor specimens are expected
to contain surrounding noncancerous tissue from the biopsy site. Due
to the blinded nature of the study, the pathologists interpreting the
TOO test results did not know the maorphologic features of the speci-
men and/or the clinical features of the patient. It is expected that the
clinical performance of the test will be favorably influenced by the
availability of this Information. In addition, it is important to note that
although the test was trained and validated on a presclected panel of 15
lumor types which represent approximately 899 of the inadent solid
tumors®® that are known o produce distant metastases, the possibility
that an uncertain primary cancer might originate (rorn a tissue site not
covered by the pancl must be considered. It is also important to
acknowledge that in certain clinical situations, the need to test a sam-
ple that does not meet the quality control criteria for the test (= 60%
tumor and = 20% necrosis) could arise. As described previously, the
best assay performance is achieved when these two criteria are mel,'”
but there are insuflicient data to adequately determine the impact of
testing suboptimal specimens. Furthermore, the assay has been ap-
proved by the US Food and Drug Administration based on the stated
sample quality thresholds.

In conclusion, this study represents the first adequately sized,
multicenter validation of a prespecified diagnostic test for Ussue of
origin determination restricted to poorly differentiated and undiffer-
entiated primary cancers anl metastatic tumors. Our results confirm
he diagnosiic value of the 1,550 gene profile used in the Pathwork
Tissue of Onpin Test. This teat should be o valuable addition ul
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alternative to currently available diagnostic methods for the evalua-

tion of uncertain primary cancers.
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