A second generation microRNA-based assay for diagnosing tumor tissue origin
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* Assay development was based on knowledge collected for the development of the first
generation assay, as well as profiling of samples from current and additional tissue origins

* The assay was developed on a custom-designed array platform on a total of 1282 primary and
metastatic samples from 42 tumor types

* For tumor classification, we used the main components of the classification process used in the
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first generation assay, with several improvements
* The assay performance was established by a blinded test validation set of 509 samples, an inter-lab
reproducibility study of 179 samples and a separate validation study on 55 samples from 52 true CUP cases
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Performance

* The test performance was assessed using an independent set of 509
validation samples which included primary as well as metastatic tumor
samples, preserved as FFPE blocks, whose original clinical diagnosis
(“reference diagnosis”) was one of the tumor types on which the classifier
was trained

* The samples were processed according to the SOP by personnel who were
blinded to the original reference diagnosis, and classifications were
automatically generated by dedicated software

* 489 samples (96%), including 146 metastatic tumor samples were
processed successfully and produced tissue-of-origin predictions

* In 418 of the 489 samples (85%), the reference diagnosis was predicted by
at least one of the two classifiers, resulting in an overall sensitivity (positive
agreement) of 85%. Specificity (negative agreement) was above 99%

* 403 samples (82%) produced a single tissue-of-origin prediction

 For these single-prediction cases, the sensitivity (positive agreement) was
90% (361/403)

Reference diagnosis

Predicted class

Confusion matrix on the validation set for the 403 single-answer cases (numbers
in parenthesis represent the tumor type ID as in the table)

Case study: CUP Patient '

* A67 years old female presented with
brain metastases from unknown primary

« At time of diagnosis, the clinicians
favored a Non- Hodgkin Lymphoma

« Histomorphology and IHC excluded
the diagnoses of lymphoma and
melanoma

« Cytokeratins were negative and
Synaptophysin revealed a weak
positivity - a metastatic carcinoid
was considered by the pathologist

* miRview mets? test predicted a Sarcoma
origin

« Following the test result,
additional IHC was performed
including antibodies against
mesenchymal antigens (SMA &
Vimentin) which were positive

+ Based on the IHC with all epithelial
markers negative, the exclusion of
melanoma and lymphoma and the
strong and robust expression of
mesenchymal proteins, the pathology
is compatible with the result of the
miRview mets? test
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Post-marketing validation on CUP cases

* 55 RNA samples (from 52 CUP patients presented with brain metastases),
previously studied on miRview mets [4], were used to validate the miRview
mets? assay

* A concordance score, based on the clinico-pathological data available at the
time of diagnosis and additional information gathered after the test result had
been obtained, was developed:

«Type-1 - Clinical-Match, test diagnosis is clinically confirmed and pathological findings are

Tumor Classification

* The test was designed to identify 42 tumor types

* The test relies on two classifiers to determine the tissue of origin: a binary
decision-tree classifier and a k-nearest neighbors (KNN) classifier [1, 2]

* Both classifiers assign a tissue of origin based on the normalized expression
of 64 microRNAs

* Each of the two classifiers (tree and KNN) predicts one of the 42 tumor
types or one of the following 7 tumor classes: sarcoma; renal cell carcinoma;
Lung, small cell carcinoma or carcinoid; Testicular Germ Cell Tumor,
seminomatous or non-seminomatous; Astrocytic or oligodendroglial tumor
(primary); Thyroid Carcinoma, follicular or papillary; Adenocarcinoma of Biliary
Tract or Pancreas

* The two predictions are then combined into a single predicted tissue origin or
two different predictions, based on whether the two classifiers agree and on
their confidence measures

* When two predictions are reported, they are ranked by the positive predictive
value of each answer

«Type-2 - Pathology-Match (no clinically verified primary tumor): Type-2a: pathology findings
are “consistent-with” the test results; Type-2b: pathology findings “cannot-rule-out” the
test results

+Type-3 - Pathology-Mismatch (no clinically verified primary tumor), pathology work-up is
not typical for the test diagnosis

«Type-4 - Clinical-Mismatch, clinical diagnosis is discordant with the test results

55 samples

(52 patients)
989% processed successfully
(54 samples from 51 Patients)

94% (51 samples from
48 patients) entered analysis

6% failed info*
(3 samples)

T
| Agreement level 1 |

Agreement level 2a " b

PR * Failed info - the sample does not match any
88% Concordante with clinical of the expression patterns in the panel closely
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Summary

* Previous studies have demonstrated the high tissue- \
specificity of microRNA expression, and have demonstrated
their significant potential to classify human malignancies

* An assay utilizing microRNA expression in a biopsy for
identifying the tissue of origin has been in clinical use
(miRview mets)

¢ A second generation assay was developed which can
identify 42 different tumor types by utilizing the expression
of 64 microRNAs as measured on a custom-designed
microarray

¢ A blinded validation set of 509 samples was studied and
overall provided an accurate result in 85% of the samples;
in 82% of cases a single tissue-of-origin prediction was
given with an accuracy of 90%

* Studying a set of samples from CUP patients resulted in
88% concordance with clinical and pathological data

« This assay (miRview mets?) provides an important new
tool for diagnosing tumor tissue origin
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