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Diagnostic Profile

Uncertain primary cancer (UPC) is a diagnos-
tic problem that often occurs in the context of 
metastatic disease without an identifiable pri-
mary tumor. This problem is also encountered 
when the morphologic appearance of the tumor 
is unusual or unexpected for the anatomic site. 
This situation leads to a thorough investiga-
tion for a primary site, with diagnostic imaging 
strategies, serum tumor markers and immuno-
histochemical (IHC) stains of tumor tissue [1–4]. 
This workup is associated with considerable cost, 
time and expense [5]. Primary tumors eventually 
remain unidentified in up to 30% of patients, 
with an initial diagnosis of UPC [6]. Those 
tumors that remain without an identifiable tissue 
of origin (TOO) after efforts to determine the 
primary have failed, are considered carcinoma of 
unknown primary (CUP), which is estimated to 
account for 2–4% of all reported cancers [2,7]. 

Prognosis of patients with CUP is poor, with 
median survival ranging from 6–10 months in 
clinical studies of unselected CUP patients to 
2–3 months in other studies [8]. Treatment strate-
gies are based on categorizing CUP patients into 
favorable and unfavorable groups [9,10]. Better 
prognosis in the favorable group probably reflects 
the fact the treatments are based on the more 
likely primary for each patient [2,11]. In fact, UPC 

patients in whom the primary source of cancer 
is ultimately identified have been shown to have 
longer survival [12]. Thus, successful identifica-
tion of the TOO significantly impacts patient 
prognosis and management. It is this type of 
clinical need and the emergence of specific and 
more effective therapy regimens designed to 
combat metastatic disease from unique identifi-
able sites that have resulted in the quest for the 
more accurate identification of these tumors. 
To address this need, new molecular tests that 
identify molecular signatures of a TOO have 
become available.

Identification of the tissue of origin with 
gene expression profiling
Development of DNA microarrays in the 
mid-1990s allowed researchers to profile gene 
expression patterns for hundreds to thousands 
of gene transcripts in human tissues [13]. It was 
soon evident that these gene expression profiles 
could differentiate neoplasms from known dis-
tinct biologic categories, such as myeloid and 
lymphoid leukemias [14]. In 2001, two indepen-
dent groups showed the ability to classify mul-
tiple tumor types based on their gene expression 
profiles [15,16]. These first studies were mainly 
focused on demonstrating the feasibility of 

Federico A Monzon† 
and Catherine I Dumur
†Author for correspondence
Department of Pathology, 
The Methodist Hospital and 
The Methodist Hospital 
Research Institute, 
6565 Fannin Street, MS-205, 
Houston, TX 77030, USA 
Tel.: +1 713 441 3291 
Fax: +1 713 441 1565 
famonzon@tmhs.org

Clinical workup of metastatic malignancies of unknown origin is an arduous and expensive 
process, which is reported to be unsuccessful in up to 30% of cases. Global gene expression-based 
molecular testing may offer accurate classification of metastatic tumors in which a primary site 
has not been identified. Recently, the US FDA cleared the Pathwork® tissue-of-origin test, which 
is a gene expression microarray-based test that quantifies the molecular similarity of tumor 
specimens to 15 known tissue types. A blinded, multicenter validation on poorly differentiated 
and undifferentiated tumors showed 87.8% sensitivity and 99.4% specificity in frozen tissue 
samples. The availability of ancillary gene expression-based molecular tests for tissue of origin 
determination represents a milestone in cancer patient management as part of the personalized 
medicine revolution.

KEYWORDS: gene expression analysis • gene expression classifier • molecular testing • tissue of origin • uncertain 
primary cancer

Diagnosis of uncertain primary 
tumors with the Pathwork® 
tissue-of-origin test
Expert Rev. Mol. Diagn. 10(1), 17–25 (2010)

For reprint orders, please contact:
reprints@expert-reviews.com  

 

 



Expert Rev. Mol. Diagn. 10(1), (2010)18

Diagnostic Profile Monzon & Dumur

classifying tumors based on their TOO and exploring the com-
puting algorithms that were best suited for this purpose. Su and 
coworkers used supervised machine-learning algorithms to gener-
ate a tissue classifier based on a 110 mRNA transcript profile that 
showed 85% accuracy in classifying samples from an independent 
test set that included 11 tumor types (n = 75) [15]. Ramaswamy 
and coworkers developed a classifier for 14 tumor types based 
on support vector machines, utilizing 16,063 transcripts that 
achieved an overall prediction accuracy of 78% in the indepen-
dent test set evaluated (n = 54) [16]. Interestingly, this algorithm 
failed to classify tumors of poorly differentiated morphology. 
Even at this early stage, Ramaswamy and collaborators recognized 
the potential clinical use of this technology for the diagnosis of 
clinically ambiguous tumors [16]. 

Shortly after, Bhattacharjee et al. showed that gene expression 
profiling could identify previously unrecognized metastases of 
extrapulmonary origin and suggested the use of this approach to 
confirm the origin of metastatic tumors in the lung [17]. In addition, 
Weigelt and collaborators showed that distant metastases maintain 
the inherent genomic profile of the primary tumor [18]. In 2004, 
Bloom and others developed an artificial neural network-based gene 
expression classifier that was successful in identifying the TOO in 
85% of tumors profiled in multiple different platforms and lab-
oratories (n = 140) [19], thus indicating that a robust clinical assay 

could be developed using microarrays. In 2005, Tothill et al. devel-
oped a microarray-based gene expression classifier that achieved an 
internal accuracy of 89% in classifying 13 tissue classes [20]. In this 
study, they showed that having a diverse training sample set that 
included multiple histologic subtypes from each tissue class was 
essential for the development of a robust classifier.

These studies demonstrated the feasibility of using gene expres-
sion profiling with DNA microarrays to classify uncertain tumors 
according to their TOO. However, in 2003, Tan and colleagues 
published a microarray platform comparison study in which 
they indicated that gene expression profiles were not reproduc-
ible when using different commercial microarray platforms [21]. 
This and other work raised concerns regarding the reliability of 
microarray-based gene expression assays and highlighted the need 
for strict quality control in the development of microarray-based 
clinical tests [22,23]. These concerns were addressed by a consor-
tium of academic institutions and industry, in coordination with 
the US FDA, who, in 2005, published seminal papers in which 
they showed that the concordance between different microarray 
platforms had improved substantially owing to advances in gene 
annotation and array design [24], and showed that high reproduc-
ibility in gene expression data from microarrays could be achieved 
among multiple laboratories with the use of standardized pro-
tocols and array platforms [25–27]. This confirmation that gene 
expression profiling with microarrays could be reproducible and 
reliable set the stage for the development of commercially available 
clinical tests for the purpose of identifying the TOO in patients 
with uncertain primary. 

Pathwork® TOO test
As mentioned previously, one of the challenges of developing 
a microarray-based clinical test was the reported variability in 
gene expression measurements between multiple laboratories [21]. 
Thus, the ability to compare data from different laboratories was 
a critical step in the development of the Pathwork® TOO test 
(Pathwork Diagnostics, Redwood City, CA, USA). To achieve 
this, Moradela and coworkers used gene expression profiles from 
5539 human tissue specimens to develop a 121-gene standardiza-
tion algorithm that allowed comparison of gene expression data 
from different laboratories. They then developed a classification 
algorithm from gene expression profiles of 2039 tumors compris-
ing 15 tissue types and 58 different morphologies [28]. The train-
ing set included both primary and metastatic tumors and well 
differentiated to undifferentiated tumors (FIGURE 1). This algorithm 
is the basis of the TOO test, which uses 1550 genes to classify 
tumors into 15 known tissue types, representing 58 morpholo-
gies (TABLE 1) [101]. The test generates gene expression profiles using 
standard Affymetrix 3 -́based amplification strategy of RNA 
from frozen tumor specimens with hybridization to a proprie-
tary microarray (PathChip™) manufactured by Affymetrix (CA, 
USA) which is then processed on Affymetrix’s US FDA-approved 
clinical instrumentation (FIGURE 2) [29]. 

Gene expression data is analyzed by the test’s proprietary 
algorithm, which determines molecular similarity of the tis-
sue to the 15-tissue panel (TABLE 1) and calculates a numerical 

Standardization algorithm development

• 5539 human tissue specimens
• Representation from more than 200 morphologies
• Normal and malignant tumors
• Processed by 11 different laboratories

Tissue-of-origin classifier development

• 2039 human tumor specimens
• 15 tissues of origin
• Metastatic and primary tumors
• Representation from 60 morphologies
• Processed by 14 different laboratories

1550-gene profile validation

• Reproducibility study with 60 samples in
  four laboratories
• Blinded, multicenter clinical validation study
• 547 metastatic or poorly differentiated primary
  tumor specimens
• 15 tissues of origin

Figure 1. Development of the Pathwork® 
tissue-of-origin test.
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similarity score (SS) that ranges from 0 
to 100 for each of the tissues. For the fro-
zen tissue version of the test, a SS of 30 
or greater is considered evidence that the 
specific tissue is present in the sample. A 
SS of less than 5 allows the site of origin 
to be ruled out and a SS below 30 but 
above 5 is classified as indeterminate. 
The analytical performance and repro-
ducibility of this test was evaluated in a 
study conducted at four laboratories using 
archival frozen tissue from 60 poor-to-
undifferentiated primary and metastatic 
tumors [29]. In this study, the test showed 
very good reproducibility in the standard-
ized expression values, SS and final tis-
sue of origin calls between all four sites. 
Although the study was not powered to 
evaluate clinical performance, average 
percent agreement between the test result 
and the reference diagnosis was reported 
to be 86.7% (range: 84.9–89.3%). In a 
subsequent multicenter validation study 
with 547 samples, the overall accuracy 
(positive percent agreement with refer-
ence diagnosis) was found to be 87.8% 
(95% CI: 84.7–90.4%) and overall spec-
ificity (negative percent agreement) of 
99.4% (95% CI: 98.3–99.9%) [30]. It is 
important to mention that the indepen-
dent validation sample of 547 specimens contained a minimum 
representation of each tissue type of 25 specimens.

The validation data for the frozen version of the test was 
reviewed by the FDA [12] and approved in July 2008 to be mar-
keted as an in vitro diagnostic (IVD) device [102]. The FDA 
approval allows the company to commercialize a reagent kit that 
would allow molecular diagnostics laboratories to perform the 
test, provided they have the adequate equipment for array hybrid-
ization, washing and scanning. In this mode, a clinical laboratory 
would perform the wet-bench aspects of the test (including array 
processing) and send an electronic file with the gene expression 
data to the company to be processed with the diagnostic algo-
rithm and issuing a report to be interpreted by the local patholo-
gist. However, at the time of writing of this manuscript, no 
IVD kit has been released yet. Currently, Pathwork Diagnostics 
offers a version of the test for formalin-fixed, paraffin-embed-
ded (FFPE) tissues in their Clinical Laboratory Improvement 
Amendments-accredited laboratory, and the frozen version is 
not currently available.

Other molecular tests for tissue-of-
origin determination
Two main strategies have been followed by the commercial 
developers of TOO tests: the development of assays using micro-
array platforms and the use of information generated from gene 

expression microarray studies to develop quantitative reverse tran-
scription real-time PCR assays (qRT-PCR) (TABLE 2). Microarray 
platforms have the advantage of being able to measure hundreds 
to thousands of transcripts in a single assay but they usually 
require more expensive instrumentation and long, complex proto-
cols. qRT-PCR assays are, in practice, limited to assay tens of 
transcripts, so profiles that require hundreds to thousands of 
transcripts cannot be translated to this platform. Theoretically, 
hundreds of transcripts could be evaluated with real-time PCR 
in instruments that support microfluidic cards. Advantages of 
qRT-PCR assays are that they are easily translatable to FFPE 
specimens and qRT-PCR has shorter, simpler protocols and can 
be performed in equipment already present in most molecular 
diagnostics laboratories.

Apart from the Pathwork TOO test the other microarray-based 
test is the 1900-gene CupPrint assay (Agendia BV, Amsterdam, 
The Netherlands), which is offered clinically in Europe but 
not in the USA [31–33,103]. Other tests available in the USA as 
qRT-PCR laboratory-developed tests are Theros CancerTYPE 
ID® (Biotheranostics, CA, USA), a 92-gene qRT-PCR 
assay [31,104], and the miRview™ mets test (Rosetta Genomics, 
PA, USA), a 48-micro RNA qRT-PCR assay [34,105]. These cur-
rently available molecular tests for TOO determination have 
been reviewed in detail elsewhere [31]. Although some of these 
tests are currently being offered (and used) for clinical purposes, 

Table 1. Tissue types represented in the tissue-of-origin test.

Tissue Morphologies 

Bladder Adenocarcinoma and transitional cell carcinoma

Breast Ductal, lobular, medullary, mucinous and papillary carcinomas

Colorectal Adenocarcinoma (including mucinous)

Gastric Adenocarcinoma and signet ring carcinoma

Germ cell embryonal carcinoma, mixed germ cell tumor, seminoma 
and teratoma

Kidney Clear cell, papillary and chromophobe carcinoma

Hepatocellular Hepatocellular carcinoma and hepatoblastoma

Non-small-cell lung Adenocarcinoma, adenosquamous, papillary, squamous and large 
cell carcinoma

Non-Hodgkin’s 
lymphoma

Diffuse large B-cell, extranodal marginal zone, follicular, mantle cell 
and peripheral T-cell lymphoma

Melanoma Malignant melanoma

Ovarian Adenocarcinoma, carcinosarcoma (malignant mixed mullerian), 
cystadenocarcinoma, clear cell, endometriod and papillary 
serous carcinoma 

Pancreas Adenocarcinoma, acinar cell and intraductal papillary carcinoma

Prostate Adenocarcinoma

Soft-tissue sarcoma Angiosarcoma, carcinosarcoma, chondrosarcoma, desmoplastic 
small round cell tumor, fibromyxosarcoma, fibrosarcoma, 
gastrointestinal stromal tumor, leiomyosarcoma, liposarcoma, 
malignant schwannoma and osteosarcoma

Thyroid Follicular, Hurthle cell, medullary and papillary carcinoma
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the available peer-reviewed published data on their performance 
characteristics suggests that some do not meet published crite-
ria for adequate translation of genomic classifiers or validation 
of clinical molecular tests (TABLE 2) [35–37]. Unfortunately, a con-
clusion regarding which test is better for establishing TOO in 
patients with uncertain primary cancer cannot be reached at this 
moment. A head-to-head comparison of test performance among 
the various TOO tests with the same tissue samples would need 
to be conducted in order to truly compare performance among 
these tests. 

Conclusion
Carcinoma of unknown primary is an important clinical problem 
that generates frustration in surgeons, oncologists and patho-
logists, in addition to the uncertainty and stress it imposes on the 
patient. Incidence of CUP is 2–4% of all malignancies in two 
European countries [7,38] and, in the USA, it has been estimated 
that there will be 31,490 cases of cancer with unspecified primary 
site in 2009 [39]. The ability to molecularly classify tumors, and 
the advances in clinical microarray and PCR technologies, have 
resulted in the development of assays for TOO identification 
intended for clinical application. Oien has estimated that cases 
that undergo a UPC workup might be approximately double the 
number of CUP cases reported [1]. Given the frequency of this 
problem, TOO identification is a dilemma that oncologists and 
pathologists face frequently. Although some cases that require a 
UPC workup can be adequately resolved by the use of IHC, as 
well as consultations with expert pathologists, radiologists and 
oncologists, in many cases there is still uncertainty even after 
a full evaluation (a diagnosis might be favored but not with 
100% certainty). 

Based on published evidence, the classif ier used in the 
Pathwork TOO test meets criteria for an adequate clinical vali-
dation – reproducibility of the test in a clinical environment was 
shown and the test was validated on an independent sample set 
of sufficient size (547 samples), class representation ( 25 samples 

per tissue type) and inclusion of indeter-
minate results, to meet the criteria for 
successful translation [35,36] and clinical 
validation [37]. 

We note that the performance charac-
teristics of the Pathwork TOO test dis-
cussed here pertain to the test performed 
on frozen tissues, which is the version 
approved by the FDA. An FFPE version 
is now offered but limited performance 
information on this version is available. 
An abstract from the American Society 
of Clinical Oncology 2009 meeting 
describes an 89% agreement with ref-
erence diagnosis in 352 specimens [40]. 
However, a peer-reviewed publication 
of these data is not available yet. One 
of the effects of formalin fixation is the 
formation of cross links between proteins 

or between proteins and nucleic acids [41], which causes lower 
purity RNA when compared with frozen tissues. It has been 
shown that total RNA extracted from FFPE samples has been 
modified by the addition of monomethylol groups, especially to 
adenine, and it is fragmented as a result [42]. It is, thus, expected 
that RNA from FFPE tissues will be of lower quality than that 
obtained from frozen tissue. In the reproducibility study for 
the test’s frozen version, we observed a decrease in sensitivity/
specificity when specimens with low-quality RNA were pro-
cessed [29]. Interestingly, the report for the FFPE version does 
not have an indeterminate category of results. Thus, all tissue 
types with a SS of 5 or greater can be considered possible sites 
of origin (with the highest of them being the more likely one). 
This has the potential to make interpretation of results dif-
ficult, since frozen specimens with low-quality RNA (from the 
reproducibility study) would often show more than one tissue 
type with SS results in the indeterminate range (between 5 and 
30) and, in many cases, with two or more tissue types showing 
SSs close to each other. Importantly, these low-quality RNA 
samples were the ones with least reproducible results [29]. The 
high specificity of the frozen version of the test is, in part, due 
to the high stringency of the SS 30 or greater cutoff, which 
effectively reduces the appearance of false-positives. It is possible 
that modification of the bioinformatics algorithm utilized with 
the FFPE samples is able to compensate for this loss of nucleic 
acid quality. Studies showing direct comparison between FFPE 
specimens and matched frozen samples, reproducibility and 
clinical validation of the FFPE version have to be conducted in 
order to thoroughly assess the performance of the TOO test on 
formalin-fixed specimens.

Expert commentary
Molecular testing for TOO identification is now a reality and has 
the potential to become an important tool in the management 
of patients with UPC. However, there are still concerns regard-
ing the reliability and value of these molecular tests. Since these 

RNA
extraction

RNA
amplification

Labeling or
fragmentation

Report and interpretation Scan and analysis Hybridization

Figure 2. Laboratory workflow for the Pathwork® tissue-of-origin test.
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assays are intended to assist in samples with uncertain origin, 
some have voiced concerns about how well gene expression pro-
files from known tumors, used in the development and validation 
of these tests, reflect the biology of CUP samples [43]. By neces-
sity, all studies reporting the development and evaluation of tests 
for TOO need to establish performance on samples from tissues 
of known type. Recently, Greco and colleagues used a retrospec-
tive analysis of UPC patients in which a primary tumor was even-
tually identified to evaluate the accuracy of one of the molecular 
tests for TOO identification (Biotheranostics’ CancerType ID). 
Even though they evaluated 501 UPC patients, they could only 
find 16 patients with a subsequent primary tumor identification 
who had adequate tissue and that yielded a positive result with 
the test (CancerType ID) [44]. Thus, a large validation study 
of tissue identification accuracy with UPC samples of known 
origin is, in practice, not feasible. Furthermore, CUP samples 
cannot be used to establish the accuracy of tissue calls for these 
tests since, for the majority of these samples, the TOO is not 
known and, thus, a gold standard for tissue type determination 
cannot be established. This means that the current gold-standard 
procedures for TOO determination remain histopathology and 
imaging methods. Importantly, validation of antibodies used 
in IHC methods has historically been performed on tissues of 
known type [3,45]. Thus, the sample type used to validate molecu-
lar tests is the same one used to judge current methods in their 
specificity for a tumor or tissue type. Performance on known 
tissue types is a necessary first step in the clinical validation 
of molecular approaches for TOO determination and should 
reflect the accuracy of a tissue call when one tests a sample of 
uncertain origin.

A few recent studies have evaluated gene expression assays on 
CUP specimens. Horlings et al. used the CupPrint assay to ana-
lyze gene expression profiles from tumor samples from patients 
with CUP subdivided into three groups:

• Patients presenting with CUP and TOO identified by IHC 
(n = 16), in whom the test showed concordance with IHC 
diagnosis in 93.8%; 

• Carcinoma of unknown primary patients with differential 
diagnosis of two or three sites after IHC (n = 12), in whom the 
test predicted a single-origin concordant with clinicopathologic 
information in eight of 12 cases; 

• Uncertain primary cancer cases with no suspected primary site, 
in whom the test predicted a single-origin concordant with the 
clinical suspicion in six out of ten cases [46]. 

In another study using the same test, Bridgewater et al. reported 
clinically compatible results in 18 out of 21 tumors, which, in the 
authors’ judgment, would have changed patient management if 
they had been available at the time of clinical decision-making [33]. 
We have evaluated the Pathwork TOO test in 21 CUP cases [Monzon 

et al.; Unpublished Data], in which the test identified a probable single 
primary site in 76% of cases, with all identified sites compatible 
with the available clinical information. In a 120-patient study that 
evaluated the ten-gene CUP assay, Varadhachary et al. identified Ta
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a putative TOO in 61% of patients [47]. Although the number of 
CUP samples analyzed is still small, these studies suggest that 
gene-expression based tests can obtain a molecular signature of a 
possible primary in 60–85% of CUP cases. 

It is important to take into account that the accuracy of the 
call is essential for these test results to translate into patient ben-
efit, both in terms of clinical outcomes and cost. As mentioned 
earlier, patients in whom a TOO is identified using current diag-
nostic approaches fare better than patients that remain with an 
unknown primary [12]. Thus, it is reasonable to expect that if 
TOO identification can be achieved by molecular profiling in 
up to 80% of patients currently classified as CUP, it would lead 
to better therapeutic selection, which could decrease the use of 
costly, ineffective therapies and improve patient outcomes. A 
recent study conducted by Varadhachary and coworkers showed 
that patients who were treated on the basis of a colorectal ori-
gin profile (based on Veridex’s CUP assay) had better outcomes 
than those treated with conventional CUP management [48]. 
Furthermore, if the use of molecular approaches for TOO deter-
mination substitutes some of the currently performed diagnostics, 
it would have additional potential to reduce costs. In 1995, the 
cost for a UPC workup was estimated to be US$18,000, which 
is considerably higher than the current cost of molecular profil-
ing (which ranges from $3350 to $3750). Thus, it is possible 
that patient management guided by results from molecular TOO 
tests could be reflected in better patient outcomes and reduced 
costs. Importantly, these hypotheses on potential patient benefit 
of molecular profiling of unknown primary tumors need to be 
explored with more prospective studies. It is desirable that these 
future studies compare the performance of the different molecular 
tests of TOO determination for accuracy of tissue calls and for 
the ability to improve patient outcomes. Only with studies that 
compare all the available options, will one be able to determine 
which one of them has the performance characteristics that will 
result in highest patient benefit. 

When using the Pathwork TOO test, or any other molecular 
assay for that matter, on CUP samples, careful interpretation of 
the reported result within the clinical context of the case in hand is 
mandatory. One important variable to keep in mind is that the real 
TOO for a given CUP case might not be part of the tissue types 
included in the test panel. Currently, no available molecular test 
covers all the possible organs in the human body. Thus, one needs 
to take into account the clinically possible tissue types involved 
in the tumor sample in relation to the 15 included tissue types, as 
well as other tissue types and morphologies considered in the dif-
ferential diagnosis, that are not covered by the assay. Ideally, one 
could expect to obtain indeterminate results when the TOO on the 
CUP sample belongs to those not included in the test. In our experi-
ence, this is not always true and a number of cross reactivities have 
been seen, especially on squamous cell carcinomas, such as those 
from the head and neck area. These tumors may be derived from 
multiple local organs (head and neck squamous cell carcinomas) 
or may represent metastases from other organs, including non-
small-cell lung cancers. Since head and neck squamous cell carci-
nomas are not covered by the assay, results of molecular similarity 

to in-panel tissues with common squamous differentiation, such 
as non-small-cell lung or bladder cancers, are typically obtained 
with the Pathwork TOO test. This illustrates the importance of 
thoroughly understanding the test’s advantages and limitations, 
along with the pathologic and clinical context of the patient, for 
the adequate interpretation of this and other molecular tests. 

On the other hand, when suspecting two or more tissue sites 
as putative primaries on poorly differentiated metastases, the 
Pathwork TOO test offers a dual advantage: confirming one of 
the possibilities and excluding the other choices. In our experi-
ence, the ability of ruling out specific tissue types as the primary 
site for CUP patients has proven to be very useful in clinical sce-
narios involving patients with a prior history of cancer presenting 
with new tumor masses. 

Other limitations for the routine implementation of this test 
are: the availability of frozen tissue, the requirement for more 
than 60% tumor content and the requirement to perform this 
test at a single laboratory. Collection of frozen tumor tissue is a 
relatively common practice in most academic settings, due to 
the need to bank tissues for research; however, these hospitals 
may only cover a minority of cancer cases and, thus, most cases 
of uncertain primary cancers will not have frozen tissue avail-
able. This limitation should be addressed by the availability and 
validation of an FFPE-based assay, as described earlier. Often, 
poorly differentiated tumors show extensive necrosis and/or an 
infiltrative pattern into normal tissue, thus making it sometimes 
difficult to obtain tissue that fulfills the requirements of greater 
than 60% tumor and less than 20% necrosis. As reported in the 
reproducibility study for this assay, accuracy of calls decreased 
when samples failing quality-control criteria were analyzed [29]. 
Thus, although these criteria will limit the number of suitable 
specimens for testing, they appear to be critical to ensure the 
accuracy of tissue calls.

Five-year view
We are now clearly in a new era in the diagnosis of tumors of uncer-
tain origin that is part of the personalized medicine revolution. Gene 
expression-based molecular tests for TOO determination are avail-
able and have the potential to significantly impact patient manage-
ment by potentially decreasing the number of unidentified primaries 
by approximately 70%. Since these tests address an important clini-
cal need, one can forecast increased adoption in the near future. It is 
also reasonable to expect that further development of existing tests, 
and maybe appearance of new ones, will lead to better performance. 
For example, an expansion in the number of tissue types covered by 
the Pathwork TOO test could happen in the coming years. Such an 
increase in tissue coverage, if adequately validated, would overcome 
some of the current limitations of this and other available molecular 
assays. In addition, new data are emerging that are rapidly changing 
the homogeneity of tumor classification by morphologic appearance 
alone. Genomic tests that identify breast cancer molecular subgroups 
with different prognosis are already available. Thus, it is quite pos-
sible that, in the future, we will use molecular tools not only for 
identification of the site of origin, but also to identify molecular 
subsets of poorly differentiated and undifferentiated tumors that 
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Key issues

• Uncertain primary cancer occurs when metastatic disease arises without an identifiable primary tumor, resulting in a poor 
prognosis scenario and a diagnostic dilemma. The emergence of specific and more effective therapy regimens that are designed to 
combat metastatic disease from unique identifiable sites has resulted in the quest for better and more accurate identification of 
these tumors.

• Genome-wide gene expression profiling using microarray technology can differentiate neoplasms from known distinct biologic 
categories, including distant metastases.

• Gene expression classifiers with a diverse training sample set that includes multiple histologic subtypes from each tissue class are 
essential in the development of robust clinical assays for tissue-of-origin determination, while high reproducibility of such assays 
are achieved with the use of standardized protocols and microarray platforms.

• The Pathwork® tissue-of-origin test was developed based on a classification algorithm from gene expression profiles of 2039 
tumors, comprising 15 tissue types and 58 different morphologies, and was independently validated on 547 specimens containing 
at least 25 specimens for each tissue type. 

• The test showed an overall accuracy (positive percent agreement with reference diagnosis) of 87.8% (95% CI: 84.7–90.4%) and 
overall specificity (negative percent agreement) of 99.4% (95% CI: 98.3–99.9%). 

• Preliminary studies have shown that this and other tissue-of-origin tests can identify a putative tissue of origin in up to 85% of 
cases currently classified as carcinoma of unknown primary.

• Interpretation of results from such molecular testing on uncertain primary cancer cases require understanding of the test 
characteristics and careful evaluation by the pathologists and oncologists within the clinical context of the case.

• Further studies on the ability of molecular tests for tissue-of-origin determination to improve patient outcomes are necessary, as 
well as studies that compare performance of different assays with the same tissue samples and patients.
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