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Abstract

Cancer of unknown primary (CUP) represents a common and important clinical problem. There is 

evidence that most CUPs are metastases of carcinomas whose primary site cannot be recognized. 

Driven by the hypothesis that the knowledge of primary cancer could improve patient’s prognosis, 

we investigated microRNA expression profiling as a tool for identifying the tissue of origin of 

metastases. We assessed microRNA expression from 101 formalin-fixed, paraffin-embedded 

(FFPE) samples from primary cancers and metastasis samples by using a microarray platform. 

Forty samples representing ten different cancer types were used for defining a cancer-type-specific 

microRNA signature, which was used for predicting primary sites of metastatic cancers. A 47-

miRNA signature was identified and used to estimate tissue-of-origin probabilities for each 

sample. Overall, accuracy reached 100% for primary cancers and 78% for metastases in our cohort 

of samples. When the signature was applied to an independent published dataset of 170 samples, 

accuracy remained high: correct prediction was found within the first two options in 86% of the 

metastasis cases (first prediction was correct in 68% of cases). This signature was also applied to 
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predict 16 CUPs. In this group, first predictions exhibited probabilities higher than 90% in most of 

the cases. These results establish that FFPE samples can be used to reveal the tissue of origin of 

metastatic cancers by using microRNA expression profiling and suggest that the approach, if 

applied, could provide strong indications for CUPs, whose correct diagnosis is presently 

undefined.
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Introduction

Ten to fifteen per cent of cancer cases are first diagnosed as metastases. In spite of efforts, 

the primary cancer site is never identified in about one-third of these cases, even after 

extensive clinical, advanced imaging, and immunohistochemical (IHC) analyses [1–5]. If no 

primary is identified, the tumour is defined as cancer of unknown primary (CUP), a 

diagnosis that is associated with 3–5% of new cancers [3]. Hence, CUP ranks among the ten 

most frequent cancer diagnoses and because of its poor prognosis, it ranks fourth as the 

cause of cancer-associated deaths in western countries [6,7], thus representing a common 

and important clinical problem.

Because of their aggressive clinical behaviour, it has been hypothesized that CUPs may 

constitute a distinct cancer entity [8]. However, no specific genetic factors or mutations that 

uniquely characterize CUP have yet been described, while the identification of a primary 

site can be achieved in 70–80% of patients based on post-mortem autopsies. From these 

data, it was demonstrated that most CUPs originate from carcinomas: 85–90% 

adenocarcinomas and poorly differentiated carcinomas, 5–10% squamous carcinomas, and 

5% neuroendocrine carcinomas. The lungs represent the most common primary site of 

CUPs, followed by various gastrointestinal cancers (pancreas, colon, stomach, liver). 

Frequently occurring cancers, such as breast and prostate, have rarely been identified as 

primary sites of CUPs [6,9–11].

As therapy and clinical management largely rely on tumour type and extent of disease, in the 

case of CUP treatment, options have been defined according to the most likely primary [1]. 

For CUPs that do not belong to a defined subcategory, standardized chemotherapeutic 

regimens have been proposed [12]. This approach, however, did not seem to be very 

effective. In fact, the prognosis of patients with CUPs remains poor, with median survival 

ranging from 6 to 10 months [13]. Although all patients with CUPs have advanced, 

metastatic disease, those for whom the primary source of cancer is identified have longer 

survival [14].

Driven by the hypothesis that the knowledge of primary cancer can establish a more rational 

therapeutic approach and potentially improve patient’s prognosis and quality of life, there 

have been important efforts in the last decade to find markers and methods able to improve 

the diagnosis of CUPs. In particular, protocols involving a combination of thorough physical 

examination, advanced imaging techniques, and IHC markers have been developed to 
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improve the rate of primary identification [1]. To this end, multigene expression profiling 

seems to be a potentially excellent approach for tissue-of-origin identification, and 

microRNAs seem to be very important markers in cancer [15,16]. Indeed, also if specific 

microRNAs modulated during the metastatic process have been identified [17], both mRNA 

and microRNA expression assays proved their ability to reveal the tissue of origin by using 

cancer-specific genes retained by metastasis, which led to the recent development of 

molecular tests based on microarray or quantitative PCR methods (see Monzon and Koen 

for a review [18]).

Here, we performed a primary site prediction of 101 biopsies, comprising 16 CUPs, based 

on a 47-miRNA classifier. The study demonstrated high sensitivity and specificity, and CUP 

prediction was largely in agreement with autopsy statistics. Last, but not least, it confirmed 

the possibility of using FFPE specimens in routine microarray-based analyses without any 

loss of samples.

Materials and methods

Patients and tumour samples

Eighty-five patients who had primary or metastatic carcinomas and who were diagnosed and 

treated at the University Hospital of Ferrara between 2005 and 2008 were included in this 

study. The study was approved by the local Institutional Ethical Committee. For 16 patients, 

both the primary and the corresponding metastatic tissues were available, giving a total of 

101 specimens. Tumour classes comprised ten different tumour types (Supporting 

information, Supplementary Tables 1 and 2). All samples were from formalin-fixed, 

paraffin-embedded (FFPE) specimens only. To exclude the possibility of inaccurate 

prediction due to contamination of tumour material with normal tissue, two expert 

pathologists examined all the cases and microdissected the samples.

RNA extraction

RNA was isolated from 20 µm thick FFPE tumour sections using the Recover All™ Total 

Nucleic Acid Isolation Kit for FFPE from Ambion (Austin, TX, USA) (#AM1975) 

according to the manufacturer’s instructions. Sample quality was assessed by Nanodrop 

(Thermo Scientific, Waltham, MA, USA).

Microarray analysis

MiRNA expression was investigated using the Agilent Human miRNA microarray v.2 

(#G4470B; Agilent Technologies, Santa Clara, CA, USA). This microarray consists of 60-

mer DNA probes synthesized in situ and contains 15 000 features which represent 723 

human miRNAs, sourced from the Sanger miRBASE database (Release 10.1). RNA 

labelling and hybridization were performed in accordance with the manufacturer’s 

instructions. An Agilent scanner and Feature Extraction 10.5 software (Agilent 

Technologies) were used to obtain the microarray raw data. Microarray results were 

analysed by using GeneSpring GX 11 software (Agilent Technologies). Data transformation 

was applied to set all the negative raw values at 1.0, followed by a quantile normalization 

and a log2 transformation. Filters on gene expression were used to keep only the miRNAs 
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expressed in at least one sample (flagged as P). The list of 47 predictors was identified by 

comparing the miRNA expression levels across ten different tumour types. A 1.5 fold-

change filter and ANOVA (analysis of variance) statistical test were applied. Differentially 

expressed genes were employed in cluster analysis, using the Manhattan correlation as a 

measure of similarity. For cluster image generation, an additional step of normalization on 

the gene median across all samples was added. All microarray data have been submitted to 

ArrayExpress, accession number E-TABM-1135.

Tumour prediction

MiRNAs for tissue-of-origin prediction were determined by using the GeneSpring software 

ANOVA test. The Prediction Analysis of Microarray (PAM) algorithm was then applied, 

without feature selection (threshold = 0), using 40 primary carcinomas from ten different 

tissue types as the training set. The test sets included 45 metastases originating from nine 

specific sites and 16 metastases for which the tissue of origin remained unknown. The same 

approach was used to predict samples from the ten tissue types present in the dataset 

published by Rosenfeld et al [19].

Results

Patient characteristics

RNA extraction and microarray hybridization were successfully performed for all 101 FFPE 

samples archived in the course of 4 years (2005–2008). Characteristics of the patients 

enrolled in this study are described in the Supporting information, Supplementary Tables 1 

and 2. Selected primary tumour types comprised tumours with a high incidence in the 

general population, such as lung, stomach, colorectal, and breast cancer [20], and frequently 

identified as primary tumours of CUPs at autopsy [9]. The metastatic samples were from the 

most common sites of metastasis from solid tumours (lung, bone, liver, lymph node, and 

brain) as well as from other sites. Histological information about the tumours employed in 

this study is available in the Supporting information, Supplementary Table 2. Sixteen 

patients diagnosed with cancer with unknown primary (CUP) were also selected [1,5,21].

Before initiating the study, we tested and confirmed that miRNAs from FFPE samples could 

maintain a tissue-specific expression pattern (data not shown). The choice of this type of 

sample has the advantage that it is the most common type of specimen used in routine histo-

pathological work-up. Importantly, no sample was excluded from analyses because of 

technical reasons.

Primary tumours display a distinct miRNA expression profile and metastases retain a large 
part of their primary tumour profile

To identify a panel of miRNAs able to reveal the tissue of origin of metastases, we analysed 

a training set of 40 primary tumours, representative of ten different cancer types (breast, 

colon, endometrium, stomach/gastric, kidney, liver, lung, pancreas, prostate, and skin 

melanoma). We assessed the expression levels of 723 human miRNAs in all samples by 

using an Agilent miRNA microarray platform. To select microRNAs whose expression 

profile could characterize each type of tumour, we performed an ANOVA test across the 
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primary tumours. After filtering out the low-expressed and low-variant probes, the analysis 

identified 47 miR-NAs (listed in Table 1).

The ability of this list of miRNAs to classify the ten types of primary tumours was assessed 

by a clusterization algorithm (Figure 1). Every tumour type displayed an exclusive pattern of 

miRNA expression, with the exception of breast and lung cancers which exhibited very 

similar profiles, as best shown by a graphical representation of tissue miRNA average 

expression (Supporting information, Supplementary Figure 1). Breast and lung carcinomas 

were indeed sometimes mixed up in the cluster analysis of Figure 1. Gastric and pancreatic 

cancers were two other classes of tumours exhibiting overlapping expression patterns and 

sometimes mixed up in the cluster analysis. Although surprising, these findings were not 

entirely unexpected, as they were also detected in a previous report [22]. Overall, this list of 

miR-NAs exhibited a tissue-specific expression pattern able to distinguish different tumour 

types and could constitute a good candidate for the classification of metastases.

To assess similarities between primary cancers and metastases, we used the panel of 47 

cancer-specific miRNAs to classify primary tumours and metastases together. Graphical 

representation of the similarities between primaries and metastases by cluster analysis 

revealed a good separation of samples according to the tissue of origin (Supporting 

information, Supplementary Figure 2), which is highlighted by displaying their average 

expression (Figure 2). Overall, the primary origin appears to be the main determinant of the 

metastasis miRNA profile.

Tissue classifier development

To assess the predictive potential of the list of 47 differentially expressed miRNAs, a tissue 

classifier was developed by applying the supervised principal component approach [23]. All 

47 miRNAs were retained by the predictive algorithm to achieve the highest accuracy in 

primary and metastasis prediction. The PAM centroids used for tumour prediction are shown 

in the Supporting information, Supplementary Figure 3. The panel of centroids (values 

based on miRNA expression) identified by the PAM algorithm highlights the tissue-specific 

miRNA expression and points out the best discriminating miRNAs. As examples, miR-211, 

miR-146a, and miR-506/miR-508/miR-509/miR-510/ miR-514 miRNAs are highly 

expressed in melanoma; miR-122 in liver and kidney cancers; miR-192/miR-194/miR-215 

in colon and gastric carcinomas; and miR-96 and miR-182 in breast, lung, prostate and 

endometrium cancers.

We used primary tumours as a training set for both cross validation and test set prediction; 

metastases were only used as a test set. The predictive algorithm assigned a prediction 

probability for each sample of belonging to every possible class, thereby producing a list of 

possible primaries for every sample. In test set prediction, 100% of examined samples from 

primary tumours were assigned to the correct class, with a probability higher than 90% in 

each case (Supporting information, Supplementary Figure 4A and Supplementary Table 3). 

For metastases, the accuracy of prediction was 73% and at probability >0.1, the correct class 

was detected in 78% of cases (Supplementary Figure 4B and Supplementary Table 4). The 

results, summarized in Table 2, establish that the correct class of primary tumour is most 
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often found as the first class. If not first, it can be found within the first two or three 

predictions.

Performance of the 47-miR predictor on a published dataset

To verify the reliability of the 47-miRNA classifier in an independent set of samples, a 

publicly available dataset of tumours and metastasis microRNA profile [19] were re-

analysed by using the predictive method and the 47-miRNA signature described herein (with 

the exclusion of six miRNAs whose expression was not available in the published dataset). 

Expression data of the published dataset were obtained using a custom array based on 

Agilent technology developed by Rosenfeld et al [19].

Of the whole dataset, we only investigated primaries/metastases belonging to the ten cancer 

site categories for which our 47-miRNA classifier was developed. To this end, we employed 

the same training set and test set used by Rosenfeld et al: 135 samples (primaries and 

metastases) in the training set and 35 samples in the test set. In this experimental condition, 

the classifier reached an 87% accuracy (correct class predicted as first choice) in training set 

prediction and a 69% accuracy in test set prediction, frequencies that did not differ 

significantly from published results. However, differently from published results, the 

method that we employed for prediction assigns a probability for each sample of belonging 

to each tumour class. Hence, the correct class could still be predicted with a significant 

probability. Indeed, by considering all the classes predicted with a probability greater than 

0.1, the correct class of primary cancers was predicted in 95% of the cases and 85% for 

metastases (Table 3), frequencies that were surprisingly even higher than those of our own 

test set as well as of published results. These data proved that the 47-miRNA classifier was 

reliable and capable of predicting an independent set of samples whose results were 

produced using a different platform (although produced using the same Agilent technology).

Molecular prediction of CUP origin

Finally, we applied the 47-miRNA diagnostic classifier to 16 patients diagnosed as CUP. 

The patients’ characteristics are described in the Supporting information, Supplementary 

Table 2. As previously described, the classifier assigns a probability for each sample of 

belonging to each tumour class. In our case, the choice is among ten different tissues of 

origin, which include the most frequently detected sites at autopsy [9]. Using the 47-miRNA 

expression, we were able to predict for every CUP patient the most probable primary, or 

couple of primaries, that could be investigated further with IHC examinations (Table 4). Our 

CUP predictions revealed 31% gastric origin, 25% lung, 19% pancreas, 12% liver, 6% 

colon, and 6% kidney. Importantly, most predictions (12 of 16) achieved a probability 

greater than 0.9. At this level of probability, the error rate is low (only 3% in Rosenfeld et 

al’s dataset), suggesting that these predictions are highly reliable. In addition, molecular 

predictions were also consistent with the hypotheses of primary sites proposed, but not 

proven, by pathologists or clinicians for our set of CUPs (see Table 4).
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Discussion

Several molecular tests have been recently described for the identification of the tissue of 

origin of metastatic carcinomas (see Monzon and Koen for a review [18]). Traditional gene 

expression microarrays cannot be properly performed on all FFPE samples, because RNA 

from this type of sample is not always suitable for labelling and hybridization, thereby 

constituting a hindrance in translating some very powerful gene expression profiles to daily 

clinical practice [18]. This is the case of the Pathwork Tissue of Origin Test (Pathwork 

Diagnostics) [24,25] and CupPrint (Agendia) [26–28] tests, based respectively on 1550 and 

1900 genes. On the other hand, microRNA microarray profiles could be faster to generate—

but equally accurate—than a panel of RT-qPCR-based genes or miRNAs, as described and 

patented up to now (Theros Cancer-TYPE ID [28] by bioTheranostics, and miRview mets 

[19,29] by Rosetta Genomics). The only molecular test that evaluates the expression of a 

small number of genes (10) by using the RT-qPCR technique is the CUP assay (Veridex) 

described by Talantov et al in 2006 and tested in CUPs in 2008 [30–32]. The main limitation 

of the CUP assay is the small number (six) of tissues of origin that can be identified by that 

test.

In our study, we identified a 47-miRNA classifier; we demonstrated the usefulness of 

miRNA microarray technology in predicting the tissue of origin of metastatic cancers from 

FFPE biopsy tissue; and we tested the classifier on an independent published dataset and on 

16 CUPs. First, we confirmed the maintenance of a tumour-of-origin specific gene 

expression profile in metastatic carcinomas by using a molecular classification such as the 

clusterization algorithm. We then used a predictive approach (PAM) able to provide a well-

defined probability of possible primaries for each tumour. With a probability cut-off set at 

0.1, the prediction test showed an overall accuracy of about 90% (100% in primaries and 

78% for metastases) for samples with known primary tumours (Table 2). The correct class 

of primary tumour was found as the first class or within the first two predictions in 78% of 

the cases, indicating that the 47-miRNA molecular profile is able to identify one or two 

possible tumours almost surely constituting the true tumour primary site for every blind 

metastatic tumour. If tumour sites predicted with a probability greater than 0.01 are 

included, the true primary site can almost surely be found among the first two or three 

tissues suggested (sensitivity is higher than 95%). Although this is a sub-optimal situation in 

the classification of some tumour types, probably because of the lack of very tissue-specific 

miRNAs, this information could still significantly help pathologists to establish a diagnosis 

and influence the CUP patient’s management, without the cost of investigating every 

possible tumour site [27,33,34], in particular in the challenging situation of moderately or 

poorly differentiated CUPs.

To validate the panel of 47 miRNAs, we assessed its performance on a publicly available 

dataset of miRNA profiles of human cancers and metastases, generated by Rosenfeld et al 

[19]. These authors produced their data for the prediction of the primary tumour sites of 

metastases and ended up identifying a 48-miRNA signature that achieved 71% prediction 

accuracy (although they used the combination from two different predictive methods to 

obtain the best accuracy level). The published 48-miRNA signature shares 15 miRNAs with 

our 47-miRNA signature (miR-122, miR-141, miR-146a, hsa-miR-182, miR-192, 
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miR-193a-3p, miR-194, miR-200a, miR-200c, miR-205, miR-210, miR-31, miR-363, 

miR-375, miR-509-3p). When applied to their microarray expression data, the 47-miRNA 

signature revealed an accuracy in the prediction of the ten tumour classes (both primaries 

and metastases) equivalent to or even higher than the published accuracy. These results 

support the usefulness of the 47-miRNA signature for the identification of tumour tissue of 

origin, since the signature also worked very well on an independent set of samples whose 

miRNA expression was quantified with a different microarray platform.

When applied to CUPs, 75% (12 of 16) of samples were predicted at a probability greater 

than 0.9. At this level of probability, specificity is very high: 85% in our dataset and 98% in 

Roselfeld et al’s dataset. In support of the consistency of the results, within the limit of the 

small number of samples investigated, the detected classes were largely in agreement with 

the incidences of primary tumours reported by Pentheroudakis et al [9], in a review of post-

mortem examinations of 644 cases of CUP patients, which revealed lung (27%), pancreas 

(24%), liver/bile duct (8%), kidney/adrenals (8%), bowel (7%), genital system (7%), and 

stomach (6%) as the most frequent sites of CUP origin.

The management of cancer patients is moving towards personalized procedures. In the case 

of CUPs, the application of microarray-based tests could help in better focusing on certain 

primary sites, thereby reducing patient’s burden and overall procedure costs. Whether these 

tests could also improve patient’s outcome and CUP morbidity remains to be established.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Classification of 40 carcinomas using the 47-miRNA signature. Cluster analysis of 40 

primary carcinomas in accordance to the expression of the 47-miRNA classifier. Samples 

are grouped according to their tissue of origin. The colours of the genes represented on the 

heat map correspond to the expression values normalized on miRNA mean expression 

across all samples: green indicates down-regulated; red indicates up-regulated in the sample.
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Figure 2. 
Average expression of 47 miRNAs in primary and metastatic tumours. Heat-map 

representation of the average expression of 47 miRNAs in metastatic and primary 

carcinomas from ten different tissues. Metastases and primaries from the same origin exhibit 

highly similar miRNA expression and are grouped together. The colours of the genes 

represented on the heat map correspond to the expression values normalized on miRNA 
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mean expression across all samples: green indicates down-regulated; red indicates up-

regulated in the tissue.
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