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ABSTRACT

Background. Identification of the tissue of origin of a
brain metastatic tumor is vital to its management. Car-
cinoma of unknown primary (CUP) is common in oncol-
ogy, representing 3%–5% of all invasive malignancies.
We aimed to validate a recently developed microRNA-
based quantitative reverse transcriptase polymerase
chain reaction (qRT-PCR) test for identifying the tumor
tissue of origin, first in a consecutive cohort of meta-
static tumors of known origin and then in a cohort of
CUP cases resected from the central nervous system
(CNS).

Patients and Methods. One hundred two resected CNS
metastatic tumors with known origin, previously classi-
fied based on the patient’s clinical history and patholog-
ical data, as well as a second cohort of resected CNS
tumors from 57 patients originally diagnosed as CUP
were studied. A qRT-PCR diagnostic assay that mea-

sures the expression level of 48 microRNAs was used to
classify the tissue of origin of these metastatic tumors.

Results. In this blinded study, the test predictions cor-
rectly identified the reference diagnosis of the samples
of known origin, excluding samples from prostate ori-
gin, in 84% of cases. In the second CUP patient cohort,
the test prediction was in agreement with the diagnosis
that was later confirmed clinically or with pathological
evaluation in 80% of cases.

Conclusion. In a cohort of brain and spinal metasta-
ses, a previously developed test based on the expression
of 48 microRNAs allowed accurate identification of the
tumor tissue of origin in the majority of cases. The high
accuracy of this test in identifying the tissue of origin of
metastases of unknown primary is demonstrated for the
first time and may have broad clinical application. The
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INTRODUCTION

Metastatic tumors are the most common central nervous
system (CNS) neoplasms. The reported incidence of up to
11 per 100,000 population per year is probably an underes-
timate resulting from underdiagnosis and inaccurate report-
ing [1]. Autopsy studies have revealed that CNS metastases
occur in about 25% of patients who die from cancer [2]. The
most common sources of brain metastases are, in descend-
ing order, lung cancer (especially small cell lung cancer
[SCLC] and adenocarcinoma), breast cancer, melanoma,
renal cancer, and colon cancer [1]. The histological, ultra-
structural, and immunohistochemical (IHC) features of sec-
ondary CNS tumors are as diverse as in the primary tumors
from which they arise. In the majority of cases, secondary
CNS tumors show IHC characteristics similar to those of
their respective primary tumors. IHC analyses are therefore
often helpful in cases of unknown primary tumors for as-
sessment of the exact nature and origin of the metastatic
neoplasm [3, 4]. However, in an estimated 11% of patients
with brain metastases, the primary tumor site remains un-
known despite extensive workup by IHC and molecular bi-
ology [5], resulting in a time-consuming, labor-intensive,
and expensive systematic search for a primary tumor site in
these patients. In another 10% of patients with brain metas-
tases, no primary tumor is found at presentation despite an
extensive clinical workup [6], even though IHC or molec-
ular data derived from the metastatic tissue seem to have
reliably identified the probable primary tumor site. And in
yet another small subset of patients, even though IHC re-
sults on metastatic tumor tissue seem to have reliably iden-
tified the primary tumor site, the individual clinical course
may reveal an unsuspected primary tumor in later stages of
disease or at autopsy [7], highlighting the limits of IHC ap-
proaches.

The prognosis of patients with CNS metastases is
strongly influenced by the location of the CNS metastases,
primary tumor control, and sensitivity to therapy. In cancer
of unknown primary (CUP) patients, therapeutic regimens
are chosen based only on the metastatic tissue properties.
When the metastatic tissue doesn’t hold suggestive features
of a probable primary tumor, the oncologist lacks essential
information and therefore may miss promising therapeutic
opportunities for the patient.

In the past, to further minimize the number of patients
with secondary CNS tumors and unidentified primary tu-
mor sites, diagnosticians explored the feasibility of diverse
molecular tests comparing genetic or chromosomal features
of primary tumors with those of their respective metastases.
Data from comparative genomic hybridization (CGH) re-
vealed a high degree of conformity between brain metasta-
ses and corresponding primary tumors [8]. However, the

CGH technique is not suitable for routine diagnostic
workup of tumor specimens, and is further restricted in its
feasibility by routine fixation procedures in pathology de-
partments. A test that reliably identifies the primary tumor
site should therefore use formalin-fixed paraffin-embedded
(FFPE) tissue, similarly to all other standard pathological
techniques, and it should ideally be superior to the IHC
markers available to date.

MicroRNAs are a group of short (21–23 nucleotides),
noncoding genes that play an important role in regulating
gene expression [9]. Mature microRNA is incorporated into
a large protein complex, the RNA-induced silencing com-
plex, where it binds its corresponding mRNA and inhibits
protein translation. MicroRNAs have an important role in
tissue differentiation [10, 11] and tumorigenesis [12, 13]
and have highly tissue-specific expression patterns [14 –
16]. MicroRNAs are stable in tissue samples, stored frozen
or as FFPE samples, as well as in body fluids like serum
[17–19]. In previous studies, we demonstrated that a bio-
logically motivated classifier based on expression of a rel-
atively small number of microRNAs can accurately identify
tissue of origin [20]. Based on these results, a quantitative
reverse transcriptase polymerase chain reaction (qRT-
PCR) assay was developed that measures the expression of
48 microRNAs and predicts tissue of origin in FFPE meta-
static tumor samples [21]. The goal of this retrospective
study was to assess the performance characteristics of this
assay by applying it to unselected, archival brain and spinal
metastases, from known origin as well as from real CUP
cases.

MATERIALS AND METHODS

Patients
In phase I, we examined 102 consecutive resection speci-
mens of brain and spinal metastases identified between
1995 and 2008 from the database of the neuropathology de-
partment, Institute of Pathology at Ruprecht-Karls Univer-
sity, Heidelberg, Germany, after approval by the
institutional review board. The set included 83 brain and 19
spine metastases, with clinically known primaries consis-
tent with one of the 25 tumor classes the assay had been
trained to recognize [22]. Phase II consisted of 60 FFPE
blocks obtained from 57 different patients whose original
diagnosis was defined as CUP, including three different
metastases for one patient and two samples from an addi-
tional patient. Forty-seven patients had brain metastases
and 10 had spinal metastases. For 22 patients, the primary
tumor was later identified. For 31 patients, a suspected or-
igin was suggested by the pathological data collected at the
time of surgery or after the test results were obtained. The
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primary tumor for four patients remained unknown even af-
ter extensive clinicopathological workup, and no suggested
origin existed for comparison. The analyses were per-
formed blinded without knowledge of or access to the clin-
ical information, original diagnosis, or hematoxylin and
eosin (H&E) slide.

Sample Preparation
For each case, five 10-�m sections were cut into a micro-
centrifuge tube. A control H&E slide was reviewed by a pa-
thologist (W.C.M.) to ensure sufficient tumor cellular
content. In four cases for which the tumor cellular content
was �50%, an additional test was performed on microdis-
sected samples from five 10-�m sections mounted onto
glass slides and scraped by a size 11 scalpel blade. Micro-
dissection enriched the tumor cellular content to 80%–95%.

RNA Extraction
Total RNA was extracted as previously described [22].
Briefly, FFPE sections were deparaffinized with xylene,
washed in ethanol, and digested with proteinase K. RNA
was extracted using acid phenol–chloroform followed by
ethanol precipitation and DNase digestion. Following a
second acid phenol–chloroform extraction, the pellet was
resuspended in diethylpyrocarbonate-treated water and an-
alyzed for its concentration and purity by spectrophotome-
try (Nanodrop ND-1000, PEQLAB, Erlangen, Germany).

qRT-PCR Test
Forty-eight microRNAs were quantified using a qRT-PCR
method in duplicate on 96-well plates as recently described
[21]. RNA was polyadenylated, reverse transcribed, and
measured by qPCR.

Samples were processed in batches starting with the
extraction. Each batch harbored a positive control sample with
a defined cycle threshold (CT) for all microRNAs. A “no sam-
ple,” which underwent RNA extraction, and a “no RNA” sam-
ple were used as negative controls to detect potential
contamination.

Quality assessment of each well and the CT
miR were cal-

culated and rescaled as previously described [21]. These
values were used as input to two classifiers [21]—a binary
decision tree and a K nearest neighbor (KNN). In short, the
decision tree uses logistic regression on combinations of
one to three microRNAs in each node to make binary deci-
sions. The KNN is based on comparing the expression of all
48 microRNAs in each sample with all samples in the train-
ing database. Each classifier, the decision tree and KNN,
returns a predicted tissue of origin and histological type
when applicable. The test returns the two different predic-
tions or a single consensus prediction if the predictions con-

cur. When the decision tree and KNN predict different
histological types for the same tissue of origin, the tissue of
origin is returned as a consensus prediction with no histo-
logical type indicated.

IHC
IHC was performed semiautomatically on 5-�m FFPE sec-
tions mounted on coated slides (Dako REAL™, catalogue
number S2024; Dako, Berlin, Germany) using the Ventana
Benchmark XT (Ventana Medical Systems Inc., Stras-
bourg, France). Antigen retrieval procedures prior to pri-
mary antibody exposure and antibody dilutions were
applied as determined for each antibody. Primary antibody-
binding sites were visualized using the ultraView Universal
DAB Detection Kit (catalogue number 760–500; Ventana/
Roche, Mannheim, Germany). Nuclei were automatically
counterstained using hematoxylin (catalogue number 760-
2021; Ventana/Roche) and bluing reagent (catalogue num-
ber 760-2037; Ventana/Roche).

RESULTS

MicroRNA-Based Results for Brain Metastatic
Tumors of Known Origin (Phase I)
One of the 102 samples failed QA criteria (insufficient
RNA amount to run the assay). For the remaining 101
samples, the test was completed successfully and pro-
duced tissue-of-origin predictions. Nine of the 12 pros-
tate cancer metastases (75%) were classified incorrectly
and were subsequently analyzed separately; therefore,
we calculated this set to include 89 samples. For 75 of the
89 samples (84%), the reference diagnosis for tissue of
origin was predicted by at least one of the classifiers (Ta-
ble 1). For 52 of the 89 samples (58%), the two classifiers
agreed, generating a consensus tissue-of-origin predic-
tion. In the 37 cases for which two answers were pro-
vided, one by each classifier, the accuracy of the results
was comparable between the two classifiers. For these 52
single-prediction cases, the sensitivity (positive agree-
ment) was 88.5% (46 of 52 cases) and it was �90% for
most tissue types (Fig. 1, Table 1). Specificity (negative
agreement) in this group was in the range of 97%–100%
and averaged �99%. Reassuringly, although the vast
majority of samples with which the test was developed
were primaries and metastases not from the CNS, the pat-
tern and overall performance values were similar to the
results obtained in the test validation study [21]. Further-
more, there was no statistically significant difference
among poorly, moderately, or well-differentiated tumors
in terms of classification results (data not shown).
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MicroRNA-Based Results for CNS Metastatic
Tumors of Prostate Origin
When developing the test, because of the difficulty of ob-
taining sufficient numbers of metastatic samples, a compar-
ison of microRNA expression in primary and metastatic
tumor samples from the same origin was made to determine
whether primaries can be used to augment the training set.
In many cases, no significant difference was observed [20]
(online supplemental data). In other cases, expression lev-
els of all microRNAs were found to be very similar, with a
small set differentially expressed, probably because of their
expression in the surrounding tissue [23]. In order to avoid
such bias, we trained the test on primary and metastatic tis-
sues whenever possible. However, for prostate cancer, we
were able to obtain only two metastases for training.

The brain metastatic set described in this paper included
12 metastases from prostate origin, nine classified incor-
rectly. We hypothesized that, in prostate cancer, microRNA
expression between primaries and metastases is uncharac-
teristically different. To check this hypothesis, we com-
pared the microRNA expression level in primary tissues
from the training set with that of the metastatic samples
from the present cohort. We found no significant differ-
ences and �0.9 correlation for ovarian, kidney, and lung

cancer (Fig. 2A–2C), whereas for prostate cancer the cor-
relation was only 0.74 (Fig. 2D).

Classification Example
One of the samples originally diagnosed in the clinical
setting as a brain metastatic tumor of breast cancer was
classified by the test as a metastatic melanoma. Figure
3A presents the separation of epithelial and nonepithelial
samples of the training set in the relevant decision tree
node [21]. The tested sample plotted on this space clearly
demonstrates nonepithelial features, suggesting that the
breast is unlikely to be the correct tissue of origin. Upon
re-examination of the clinical record, we found that this
sample was originally classified as a breast metastasis
based on the medical history of the patient, who was
identified as having a breast lesion several months ear-
lier, diagnosed as a poorly differentiated adenocarci-
noma with tumor giant cells, adenoid formations, and
IHC negative for estrogen receptor, progesterone recep-
tor, and human epidermal growth factor receptor 2/neu.
The brain metastasis showed the same morphology and
IHC profile. IHC of the brain metastases was performed
following the qRT-PCR test results (Fig. 3B) and sup-
ported a diagnosis of melanoma, with HMB45 being pos-

Table 1. Performance of the test in the phase 1 study

Tissue of origin
(reference diagnosis) n Sensitivity (%) Specificity (%)

n of cases test
reported a
single answer

Sensitivity for a
single answer

Specificity for a
single answer

Biliary tract 1 (1) 0 100 0 NA 100

Breast 18 (5) 72.22 95.8 9 (3) 66.67 100

Colon 4 (1) 75 95.3 3 100 100

Head and neck 4 100 89.4 1 100 98.1

Kidney 17 (1) 94.12 98.6 12 100 100

Liver 1 100 100 1 100 100

Lung 16 (2) 87.5 78.1 5 (1) 80 91.7

Melanocyte 17 100 90.3 17 100 97.2

Ovary 5 (2) 60 97.6 1 100 100

Stomach or esophagus 4 100 98.8 1 100 100

Thyroid 2 (2) 0 97.7 2 (2) 0 100

Overall 89 (14) 84 95 52 (6) 88.5 99

Shown are classification results for the samples compared with the reference diagnosis (tissue origin). Eighty-nine samples
were assigned tissue-of-origin predictions by the test. A single consensus tissue of origin was predicted for 52 (58%) of the
cases. For each tissue of origin (reference diagnosis), sensitivity was calculated as the fraction of cases for which the
reference tissue of origin was predicted by at least one of the classification answers (positive agreement). Specificity was the
fraction of cases with a different reference diagnosis that was not assigned this tissue of origin by either of the two
classification answers (negative agreement). The column “n of cases test reported a single answer” indicates the fraction of
samples of each tissue of origin for which a single consensus origin was predicted. Among these samples, the sensitivity for
a single answer indicates the fraction of samples for which the reference tissue of origin was predicted by the test. The
specificity for a single answer is the fraction of cases with a single answer and a different reference diagnosis that was not
assigned this tissue of origin. The number in parentheses is the number of samples with test results that do not match the
reference diagnosis.

168 MicroRNA-Based Diagnosis of CNS Metastases



itive and S-100 being focally positive, even though
MELAN A was found to be negative. To further explore
this case, a sample derived from the breast lesion, con-
sidered the primary tumor, was also studied with the
microRNA-based test and was identified as melanoma by
both the tree and the KNN algorithm. IHC of the breast
lesion was later found to be positive for three melanoma
markers (HMB45, S-100, and MELAN A).

MicroRNA-Based Results for CUP
Tumors (Phase II)
The set included 60 brain and spinal metastatic archival
samples, obtained from 57 patients whose original clinical
diagnosis was defined as CUP. Three of the 60 samples
(5%) failed QA criteria. For 57 samples obtained from 54
different individuals, 47 brain and 10 intraspinal, the test
was completed successfully and produced tissue-of-origin
predictions (supplemental online Table 1). Three different
brain metastases from one patient (ID21), later found to
have lung adenocarcinoma, were correctly identified by the
test. For another patient (ID39), two metachronous metas-
tases were studied and resulted in a prediction of lung car-
cinoid origin, whereas the patient’s final clinical evaluation

determined a neuroendocrine tumor of unknown primary.
The results are presented for 54 patients to avoid duplica-
tion in reporting agreement. For 27 of the 54 samples
(50%), the two classifiers agreed, generating a consensus
tissue-of-origin prediction.

To evaluate the performance of the test, we developed a
concordance score based on the clinicopathological data
available at the time of diagnosis and additional informa-
tion gathered after the test result had been obtained. The
score divides the results into four main categories: type 1,
clinical match, diagnosis obtained with the assay is clini-
cally confirmed and pathological findings are compatible;
type 2, pathology match (no clinically verified primary tu-
mor), subdivided into type 2a, pathology findings are “con-
sistent with” the test results, and type 2b, pathology
findings “cannot rule out” the test results; type 3, pathology
mismatch (no clinically verified primary tumor), pathology
workup is not typical for the test diagnosis (when the test
predicts two possible origins, the pathology workup is not
typical of both); and type 4, clinical mismatch, the clinical
diagnosis is discordant with the test results. For four sam-
ples, no suggested origin existed and an “unknown” score
was given.

Figure 1. Confusion matrix for the 52 phase 1 samples resulting in a single answer. Rows indicate the reference diagnosis
tissue and columns indicate the tissue determined by the microRNA test (shown are only the origins relevant for the single-
answer cases). Numbers in parentheses (along the y-axis) denote the overall sensitivity per tissue of origin among the single-
answer cases.
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We found that the test result predicted a convincing sug-
gested origin in 40 (80%) of the 50 samples that had a sug-
gested origin based on clinical and/or pathological data.
Twenty-two samples (44%) were scored as type 1 and 18
(36%) were scored as type 2 (14 as type 2a and four as type
2b). Ten (20%) of the 50 samples were discordant, four as
type 3 (pathology discordance) and six as type 4 (clinical
discordance).

Microdissection
In four FFPE blocks, the tumor cellular content was �50%.
These samples were processed twice, using five 10-�m sec-
tions and after microdissection, comparing the test predic-
tions. In two cases, the classification was the same and
agreed with the suggested origin. In the additional two
cases, the predicted origins after microdissection were dif-
ferent from the nondissected ones. The first case, clinically
suspected to originate from kidney cancer, was from a spine
metastasis block containing 50% tumor cells. In the nonmi-
crodissected sample, the test resulted in colon or bile duct
carcinoma, whereas the classification after microdissection

changed to renal cell carcinoma or melanoma, correctly
predicting the suspected origin. The second metastasis, sus-
pected to originate from stomach adenocarcinoma, was of a
brain metastasis block containing only 20% tumor cells.
The nondissected sample rendered a renal cell carcinoma
result, whereas after microdissection lung carcinoid or
stomach adenocarcinoma were suggested, again success-
fully predicting the suspected origin.

DISCUSSION

The current work describes the first validation of a newly
developed microRNA-based qRT-PCR test that uses mi-
croRNA biomarkers for the identification of tumor tissue of
origin. Here, we validated the test in a set of metastatic sam-
ples, which were derived from the CNS, of known origin as
well as samples from true CUP cases.

Recently, a few papers describing gene expression–
based assays to determine the tumor tissue of origin for clin-
ical use were published [22–25]. Most studies aimed at
identifying tissue of origin used mRNA profiling of tumor
samples [26 –29] and presented the development of the

Figure 2. MicroRNA median CT signals in central nervous system metastases from phase 1 compared with primaries from
the set used to develop the assay. Signals are normalized CT values. Dotted lines indicate factor 2. Analysis excluded three
brain-specific microRNAs (miR-124, miR-9*, and miR-138), because we assume that their expression was derived from the
surrounding tissue.

Abbreviation: CT, cycle threshold.
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classifier based on a training set and validation results for an
independent test set composed of samples that were either
not relevant in clinical settings, like primary tumors, or
samples that were more clinically relevant, taken from met-
astatic tissue with known origin. Ma et al. [28] described the
development of a 92-gene qPCR test to differentiate 32 tu-
mor classes that was validated on a small set of 119 inde-
pendent FFPE tumor samples and resulted in an overall
accuracy of 82%. In another study [25], the tissue of origin
was determined based on 1,550 mRNAs measured on mi-
croarrays, resulting in an overall sensitivity of 87.8% on a
validation set of 547 frozen samples.

Only a few attempts have been made to study the ability
of a classifier to determine the tumor tissue of origin in a
setting of metastatic tissue derived from real CUP patients.
Varadhachary et al. [23] studied a large cohort of 120 CUP
patients using a test that distinguished only six primary
sites. The test predicted results for 63 patients, that is, it did
not yield a meaningful result in 48% of patients. In another
study, Horlings et al. [22] used an mRNA microarray–
based assay in 38 CUP patients and compared the results
with tentative suggestions derived from clinicopathological
investigation, resulting in consistency with the clinical data
for most samples. Here, for the first time, we studied the
performance of a molecular test on a consecutive large pro-
spective cohort of metastatic samples from a specific site,
the CNS.

In the first phase, we studied test performance in a co-
hort of samples with “known” tumor of origin. Interest-
ingly, although the test was developed using a training set
that contained only a small number of brain metastatic sam-
ples, representing only five of the 25 different tumor classes
in the assay, the assay performance was very similar to the
validation set [21]. While analyzing the results, we realized
that the performance for prostate cancer CNS metastases
was much lower than expected. As this manuscript was pre-
pared, a few papers [30, 31] demonstrated the role of
microRNAs in prostate cancer, specifically in antiandrogen
therapy and resistance [30]. Leite et al. [31] compared the
expression of only 14 microRNAs between localized high-
grade and metastatic androgen-independent prostate carci-
noma and found half of them to be differentially expressed.
When we compared microRNA expression, we found that
the correlation between the primary and metastatic prostate
tissue was significantly lower than seen in other tissues. Be-
cause prostate cancer is not considered a common tissue of
origin, representing only 2% of CUP cases, as confirmed by
autopsy studies [32], we decided to exclude this origin from
further analyses.

Because in CUP, by definition, the primary site in many
cases remains unknown, there is inherent difficulty in vali-

Figure 3. Classification example. (A): Measured levels
(normalized CT, inversely proportional to log(abundance))
of hsa-miR-200c and hsa-miR-148b are compared for all
training set samples and the tested sample. (B): Hematoxy-
lin and eosin staining (upper panel) showed that the metas-
tasis was composed of undifferentiated pleomorphic tumor
cells. These reveal focally strong and specific immunopos-
itivity for S100 (lower panel) and HMB45 (middle panel).

Abbreviation: CT, cycle threshold.
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dating a CUP assay. To tackle this problem, we developed a
scoring system that compares the test result with all avail-
able clinicopathological data. Based on this scoring system,
we demonstrated that, for the vast majority of the true CUP
cases, namely, 40 (80%) of 50 cases for which a suggested
origin existed, the microRNA-based test was in agreement
with the available clinicopathological data.

In some cases, pathological data alone correctly identi-
fied the primary tumor site. For such cases, the microRNA
test is a confirmative tool. In others, the clinical workup of
a patient or the pathology of a metastatic lesion indicated
more than one potential primary tumor site, and the
microRNA test was helpful in identifying the true primary
lesion, as in case ID136. In that case, clinical workup prior
to metastatic tumor surgery had detected a lesion suspicious
for thyroid tumor. The pathology, however, was in favor
of lung cancer as the underlying primary tumor. The
microRNA test identified lung as the primary tumor site up-
front, resolving the clinical and pathology conflict. Imaging
analyses following metastatic surgery identified a lung le-
sion, histopathologically verified after resection.

Despite extensive workup, including IHC and all cur-
rently available clinicodiagnostic procedures, �20% of pa-
tients with CUP have a primary site of their cancer
identified ante mortem [33]. Autopsy studies have reported
that 70% of cases remain undiagnosed [33].

These data impressively show the futility of unguided
clinicodiagnostic procedures, which are often time-con-
suming and expensive. In addition, even though the number
of primary tumors likely to metastasize to the brain is lim-
ited and a growing number of organ-specific antibodies has
helped to elucidate the provenance of metastatic lesions in
the majority of cases, 2%–18% of all metastatic lesions to
the brain remain tumors of unknown primary site [3, 5, 34,
35]. This holds true even if taking into account that very
practical algorithms for the IHC evaluation of common
CNS metastatic neoplasms, including poorly differentiated
neoplasms, have been developed. These are common in the
way they implement a combination of antibodies to verify
or exclude potential primary tumor sites [3, 5, 33, 36].
These data underscore the necessity of developing diagnos-
tic tests that go beyond IHC.

In a considerable number of cases, the microRNA-
based CUP test will be able to do both—identify the poten-
tial primary tumor lesion despite ambiguous IHC results
and guide clinicodiagnostic procedures—thereby influenc-
ing not only diagnostic but also therapeutic decisions in in-
dividual patients.

These findings also imply that the primary lesions of
CUP tumors that metastasize to the brain are either minis-
cule at the time of diagnosis and evade diagnostic testing,

even at autopsy of the patient, or that CUP tumors may be a
distinct group of tumors without true primary lesions but
featuring the same metastatic potential as primary tumor le-
sions outside the CNS. The latter issue has not been exten-
sively investigated on a molecular basis, and the limited
information available is still controversial and inconclu-
sive.

There is consent, however, that CUP is a heterogeneous
group of tumors that is not a distinct biological entity in-
volving specific genetic and phenotypic alterations. This
argues for CUP lesions being derived from miniscule pri-
mary tumor sites and argues for the development of more
refined molecular tests to identify the true primary tumor
location. MicroRNAs are expressed in a highly tissue-
specific manner. Because of their small size, microRNAs
are robust and stable even in FFPE tissue samples. Thus,
microRNAs constitute ideal diagnostic targets for the iden-
tification of tissue of origin in otherwise completely dedif-
ferentiated tumors. In our view and experience,
investigation of the microRNA profile of a metastatic lesion
does not aim to replace either the clinicodiagnostic workup
or IHC in surgical pathology or neuropathology but rather
significantly extends the diagnostic repertoire of the inves-
tigating pathologist to guide clinicians in their search for a
primary tumor lesion in true CUP cases lacking organ-
specific IHC results. Thus, even when the test results in two
possible tissues of origin, it helps the physician to focus the
clinicodiagnostic workup to come up with a diagnosis and
treatment decision.

Finally, because microRNA profiling is an unbiased
analysis investigating a multitude of single independent pa-
rameters, it is objective, is investigator independent, and
may, in the future, potentially be able to elucidate and de-
fine further subsets of metastatic CUP lesions that may fol-
low a better clinical course and may require distinct
therapies. Also, with the help of suitable training sets of tu-
mors, the system is open to be extended to tumor types that
belong to more favorable subgroups of metastatic CUP le-
sions that are currently known [37] and to any favorable
subgroup to be identified in the future, to ensure their rec-
ognition in clinical practice and allow for specific and indi-
vidualized treatment and patient management, especially in
patients with CUP lesions with a potentially favorable out-
come.

As pointed out earlier, a major advantage of the
microRNA test is its unbiased nature. In patients who have a
history of cancer, the investigating pathologist might be
tempted to consider the clinically confirmed primary tumor
as the most likely source of the metastatic lesion. In these
cases, IHC investigations are aimed at confirming this no-
tion, rather than at identifying other possibilities. This
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might lead to misinterpretation of the metastases, more so if
the primary tumor has already been misinterpreted. Here, a
case in the first cohort provides an excellent example. The
microRNA test suggested melanoma as the origin, in con-
trast to the clinicopathological diagnosis of a breast cancer
metastasis. This prompted melanoma-specific IHC that was
confirmed, not only for the metastatic lesion in the brain but
also for the supposedly primary breast tumor.

To date, many anatomic pathology tests, including IHC,
have not been extensively studied for their cost-effective-
ness [38]. This lack of information makes an upfront com-
parison of IHC and any other newly developed diagnostic
test in pathology (e.g., the microRNA CUP test presented in
this report and mRNA tests) regarding cost-effectiveness
difficult, if not impossible. A commonly used matrix to de-
termine the cost-effectiveness of any given diagnostic test
is to look at its “cost per increase in patient life expectancy.”
If one assumes that all patients with metastatic cancer have
a universally poor prognosis and thus a similar life expect-
ancy, then the “cost per increase in patient life expectancy”
for any medical procedure in this cohort of patients would
likely not be highly cost-effective. However, this assump-
tion is flawed because not all patients with metastatic can-
cer have a universally negative outcome, nor is life
expectancy the most important variable in many cases in
which customized palliative treatments based on tumor
type would have a profoundly positive impact on quality of
life. In addition, increases in patient life expectancy are also
likely not the most appropriate measure of an anatomic or
molecular pathology test that imparts information rather
than a tangible procedure [38]. Despite all these limitations,
it is fair to say that IHC remains, by far, the most inexpen-
sive test in pathology when compared with mRNA- or mi-
croRNA-based diagnostic tests. However, this reflects the
cost per test only and does not reflect the potential impact of
the test on patient management, disease outcome, or patient
quality of life. Despite a low cost per test, extensive IHC
staining does fail to identify the primary tumor site in met-
astatic lesions in 3%–10% of cases [36, 39]. Relative to the

costs of other medical tests and procedures in patients with
undefined primary malignancies, the microRNA-based
CUP test is still rather inexpensive, follows strong and valid
biological reasoning, and successfully identifies primary
tumor sites in cases with ambiguous IHC results, thereby
providing benefits other than and beyond cost-effective-
ness, and it may avert even more costly procedures that oth-
erwise would be performed [38].

Finally, tumor therapies have become more individual-
ized based on the histomorphological or molecular features
of the primary tumor. However, distinct histomorphologi-
cal subtypes are often clouded by tumor dedifferentiation.
Furthermore, clinicians often base their therapeutic strate-
gies on findings in metastatic lesions and refrain from re-
moving additional tissue for tumor classification, even if a
primary tumor is identified later. Thus, in practice, the exact
classification of the underlying primary tumor rests on the
metastatic lesion. Here, refined molecular profiling might
prove to be superior to conventional workup in character-
izing the actual subtype of the primary tumor. In case
ID151, the test succeeded in identifying the true morpho-
logical subtype of that particular lung cancer; here, SCLC
was validated and confirmed by additional IHC performed
following the test results. The small cell nature of the met-
astatic lesion was missed on conventional pathology.

In conclusion, we demonstrated that this microRNA ex-
pression–based assay provides an important objective tool
for the diagnosis of tumor tissue of origin in CNS metasta-
ses, especially in CUP patients.
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