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ABSTRACT
Background: Detailed molecular evaluation of cytology and limited tissue 

samples is increasingly becoming the standard for cancer care. Reproducible and 
accurate diagnostic approaches with reduced demands on cellularity are an ongoing 
unmet need. This study evaluated the performance of a 92-gene assay for molecular 
diagnosis of tumor type/subtype in cytology and limited tissue samples.

Methods: Clinical validation of accuracy for the 92-gene assay in limited tissue 
samples such as cytology cell blocks, core biopsies and small excisions was conducted 
in a blinded multi-institutional study (N = 109, 48% metastatic, 53% grade II and 
III). Analytical success rate and diagnostic utility were evaluated in a consecutive 
series of 644 cytology cases submitted for clinical testing.

Results: The 92-gene assay demonstrated 91% sensitivity (95% CI [0.84, 0.95]) 
for tumor classification, with high accuracy maintained irrespective of specimen type 
(100%, 92%, and 86% in FNA/cytology cell blocks, core biopsies, and small excisions, 
respectively; p = 0.26). The assay performed equally well for metastatic versus 
primary tumors (90% vs 93%, p = 0.73), and across histologic grades (100%, 90%, 
89%, in grades I, II, and III, respectively; p = 0.75). In the clinical case series, a 
molecular diagnosis was reported in 87% of the 644 samples, identifying 23 different 
tumor types and allowing for additional mutational analysis in selected cases.

Conclusions: These findings demonstrate high accuracy and analytical success 
rate of the 92-gene assay, supporting its utility in the molecular diagnosis of cancer 
for specimens with limited tissue.

INTRODUCTION

While molecular testing in oncology continues 
to develop and validate new methodologies employing 
reduced cellularity, such as circulating tumor cells (CTCs) 
and cell-free tumor material, the current standard of care 
depends on appropriate management of tumor tissue 
biopsy specimens for diagnosis and ancillary studies [1, 
2]. Often, cytology samples from fine needle aspirations 
(FNAs), fluids or core biopsies are the only tissue 
samples available for diagnosis and advanced molecular 

interrogation (Figure 1). As the tissue samples obtained 
by minimally invasive diagnostic procedures continue 
to decrease in size, the demand increases for detailed 
diagnostic evaluation and molecular testing using these 
limited tissue samples [3]. In addition to new sampling 
procedures such as endoscopically guided fine needle 
aspirations, new genomic technologies such as next 
generation sequencing (NGS) are being used by clinicians 
to simultaneously evaluate multiple genes/signaling 
pathways to identify actionable mutations for treatment 
planning [4]. Use of tissue conserving technologies will 
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ensure that specimens are available for diagnostic and 
molecular analyses as oncology disease management 
evolves. 

Limited tissue samples are small and often exhausted 
during routine histology and immunohistochemical studies. 
In response to continuing developments and in an effort 
to conserve tissue samples, molecular tests for diagnosis 
and targeted therapy approaches are being incorporated 
into clinical practice and molecular testing guidelines 
for various tumor types and subtypes [5, 6]. Several 
diagnostic assays for gene expression-based classification 
of tumors requiring minimal tissue are already in use 
[7, 8]. These molecular tools provide independent 
quantitative data that is standardized and complementary 
to routine morphology and immunohistochemistry (IHC) 
approaches [8-10]. Integrating gene expression profiling 
into diagnostic algorithms for samples that have limited 
cellular content or lack definitive morphological and 
immunohistochemical features allows the remaining 
tissue to be used for reflex biomarker testing [11]. The 
goal of these various approaches is to ensure accurate 
diagnosis and allocation of tissue from small samples for 
the appropriate ancillary studies. 

The 92-gene assay is a molecular classifier that 
predicts tumor type and subtype through an algorithmic-
based comparison of a tumor’s gene expression profile 
to a reference database of known tumor types. The 
assay distinguishes between 28 main tumor types 
and 50 subtypes, which represents >95% of all solid 
tumors based on incidence [8, 12]. The assay employs 
a real-time RT-PCR, tissue-sparing platform, requiring 
approximately 300-500 non-necrotic tumor cells, that 
interrogates expression of transcription factors, plasma 
membrane proteins, and tissue specific tumor markers 
not commonly evaluated during routine IHC analyses 
to assess over 350 unique biological functions [13]. In a 
previously published validation study, the 92-gene assay 
demonstrated 87% (95% CI, 84-89%) overall accuracy, 
and notably, statistically similar performance in metastatic 
and high grade tumors [8]. In a head-to-head comparison 
vs IHC, the 92-gene assay demonstrated a statistically 
significant improvement in diagnostic accuracy in poorly-
to-undifferentiated metastatic tumors (79% vs 69%; P = 
0.019) [14]. Additionally, when the molecular diagnosis 
provided by the 92-gene assay was used to direct therapy 
in treatment-naïve patients with carcinoma of unknown 
primary, a 3.4 month increase in overall survival was 
observed when compared to a pre-specified historical 
cohort [15]. In the current study, the specific performance 
and analytical success rate of the 92-gene assay in tumors 
from limited tissue and cytology specimens were further 
characterized to assess its diagnostic utility within the 
current landscape of precision oncology.

RESULTS

Specimen and perfomance characteristics of 
clinical validation cohort 

Specimen and patient characteristics for clinical 
validation cohort 

Case characteristics for the clinical validation cohort 
(N = 109) are summarized in Table 1. Approximately 
half (48%) of all tumor specimens were from metastatic 
lesions. Tumors were primarily intermediate or high grade 
(I = 5%, II = 18%, III = 35%). Forty-two percent of cases 
were ungraded including metastatic lesions and primary 
cases in which tumor grading was not standard procedure 
during the diagnostic evaluation or not traditionally 
conducted in certain tumors such as pheochromocytomas 
and gastrointestinal stromal tumors. Specimens with 50% 
or less tumor content, greater than 20% fibrosis and 5-30% 
necrosis comprised 29%, 25%, and 36% of the cases 
analyzed, respectively. The biopsy types evaluated for this 
data set included FNA/ cell blocks (N = 20, 18%), core / 
other biopsies (N = 52, 48%), and small excisions (N = 37, 
34%) (Table 1 and Figure 1). The cases were distributed 
among 17 biopsy sites and included 24 different tumor 
types (Figure 2A and 2B).
92-gene assay clinical validation

The 92-gene assay predicted a molecular diagnosis 
in 95% (N = 104) of cases (the remaining 5 cases were 
indeterminate) when compared to the gold standard of 
adjudicated histopathological diagnoses with integration 
of clinical findings and ancillary testing. The overall 
sensitivity in these cases was 91% [95% confidence 
interval (CI) 0.84 - 0.95; Figure 2C]. There was no 
difference in sensitivities between primary and metastatic 
cases (p = 0.73; Table 2). It was previously demonstrated 
in a large blinded validation study that the assay 
maintained high accuracy irrespective of specimen type 
(limited tissue vs non-limited tissue) [8]. In the current 
study, the performance of the 92-gene assay in the limited 
tissue subset was further analyzed and stratified based on 
biopsy types. Performance of the assay was consistent 
across biopsy types (FNA/cell blocks = 100%, core and 
other biopsies = 92%, small excisions = 86%; p = 0.26; 
Figure 2C) and across histologic grades (I = 100%, II = 
90%, III = 89%, not graded = 93%; p = 0.84; Table 2). No 
statistical difference in performance was observed across 
graded tumors (histologic grades I, II and III; p = 0.75).
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Table 1: Tumor characteristics for the clinical validation cohort (N = 109)

Table 2: 92-gene assay performance by clinical subset in the clinical validation cohort (N 
= 109)
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Analysis of cytology clinical case specimens 

Distribution of biopsy sites and molecular diagnoses 

Of 644 cytology clinical cases submitted for testing 
with the 92-gene assay as part of routine clinical care, the 
92-gene assay had an analytical success rate of 87%, while 
13% of cases failed analytical QC due to insufficient RNA 
or poor RNA quality. Submitted cases were distributed 
among 18 biopsy sites with liver (n = 125), pleural effusion 
(n = 111), ascites (n = 71) and bone (n = 61) contributing  
to over 50% of the cases (Figure 3A). The 92-gene assay 
predicted 23 different tumor types; the four most common 
molecular diagnoses were pancreaticobiliary (19%; n = 
105), lung adenocarcinoma (11%; n = 60), ovary (9%; n = 
49) and urinary bladder (8%; n = 47) (Figure 3B). These 

four most common molecular diagnoses were detected 
across a large number of biopsy sites (pancreaticobiliary, 
n = 14; lung adenocarcinoma, n = 10; ovary, n = 9; and 
urinary bladder, n = 9; Figure 3B). Biopsies from the liver, 
pleural effusions, bone, lymph node, peritoneal effusions, 
lung, and soft tissue all had more than 10 different tumor 
types predicted by the 92-gene assay. Thirty-five cases 
(6%) were indeterminate, in which the assay did not report 
a probability of at least 70% for a single site diagnosis; 
however, the 92-gene assay test report for indeterminate 
cases does provide additional information that can help 
to establish a diagnosis, including a list of tumor types 
with some degree of gene expression overlap with known 
tumors within the reference database, as well as tumor 
types and subtypes that can be ruled out with a 95% 
confidence [8].

Table 3: Summary of the clinical characteristics, molecular diagnosis from 92-gene assay and results from predictive 
biomarker testing for an exemplar patient case from the clinical case cohort
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Site-specific Biomarker Testing 

Thirty-seven cases with a 92-gene assay molecular 
diagnosis of lung (n = 22), colorectal (n = 6), gastric (n = 
4), breast (n = 2), and melanoma (n = 3) from the clinical 
case dataset had ancillary biomarker testing performed 
from the same laboratory (Biotheranostics, Inc.) 
(Supplementary Table 1). Of these, 36 cases had successful 
biomarker testing. The most common biomarkers analyzed 
were EGFR mutations (n = 20), KRAS mutations (n = 
12), BRAF mutation (n = 10), PIK3CA (n = 8) and ALK 
rearrangements (n = 8) (Supplementary Table 1). Within 
this group, 53% (n = 19) of cases had more than one 
predictive biomarker assessed. Of the cases predicted by 
the 92-gene assay to be lung and colorectal (n=28), EGFR 
and KRAS testing were performed in 18 and 5 cases, 
respectively. EGFR mutations were detected in 4 of the 

lung predictions and 4 of the colorectal predictions were 
identified to be wild type for KRAS. 

In one case, a 64 year old female presented 
with malignant cells in a pleural effusion (Table 
3). The pathology report indicated a diagnosis of 
adenocarcinoma with possible primary sites including the 
lung, pancreaticobiliary tract, and genital tract based on 
immunohistochemical stains. The 92-gene assay provided 
a molecular diagnosis of lung adenocarcinoma (probability 
= 96%), with all other suspected primary sites ruled out 
with 95% confidence. Predictive biomarker analysis 
detected a deletion of exon 19 in EGFR, while ALK 
rearrangement and ROS-1 rearrangement were not detected 
(Table 3). These data indicate potential benefit from 
treatment with targeted molecular therapies. In another 
case, an 81 year old female presented with malignant cells 
in a pericardial effusion and was initially suspected to have 

Table 4: Summary of the clinical characteristics, molecular diagnosis from 92-gene assay and results from 
predictive biomarker testing from a clinical patient case utilizing the 92-gene assay and NGS testing
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a pancreaticobiliary or upper gastrointestinal malignancy 
(Table 4). The 92-gene assay resulted in a diagnosis of 
lung adenocarcinoma (probability = 90%) with an EGFR 
L858R mutation, enabling eligibility for EGFR targeted 
therapy options. 

DISCUSSION

Advances in genomics and cancer-targeting 
technologies have provided new diagnostic and treatment 
options for an increasing range of metastatic malignancies 
[16, 17]. In cases where small amounts of tissue are 
obtained from minimally invasive biopsies, the extent 

of diagnostic work-up for accurate diagnosis and the 
technical success of genomic assays that now are often 
recommended to define targeted treatment options 
may be limited [18]. Thoughtful use of complementary 
techniques such as IHC, fluorescence in situ hybridization 
(FISH), mutational and gene expression-based analyses is 
critical for optimizing disease management in oncology. 
Implementation of a tissue-sparing platform, such as the 
92-gene assay, provides a standardized approach for tumor 
classification in cases wherein limited biopsy specimen is 
available. 

In addition to the 92-gene assay, several validated 
molecular cancer classifiers that analyze either messenger 

Figure 1: Hematoxylin and eosin stained specimens from limited tissue sample types: A. & B. Fine needle aspirate (FNA)/
cell block showing breast adenocarcinoma (10X and 400X). C. & D. Core biopsy showing colorectal adenocarcinoma metastatic to the liver 
(10X and 400X). E. & F. Small excisional biopsy showing renal cell carcinoma metastatic to the lung (10X and 400X).
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RNA or microRNA are commercially available [8, 9, 
19]. Prior studies of microarray-based classifiers have 
previously assessed feasibility in a small cohort of 
cytologic specimens (n = 27), however, blinded validation 
of performance was not conducted [20]. Findings from 
this study show that the 92-gene assay demonstrated high 

sensitivity (91%) in the blinded validation of the limited 
tissue cohort (Figure 2C). Importantly, the accuracy 
of the assay was maintained across specimen types 
(Figure 2C), clinically relevant subsets (histologic grade 
and disease type) (Table 2), and is comparable to the 
accuracy observed in non-limited specimens (excisions 

Figure 2: A. Distribution of biopsy sites from clinical validation cohort. *Biopsy sites with three or fewer cases were combined into a 
single category, which includes: Breast (3), Adrenal (2), Mediastinum (2), Prostate (2), Retroperitoneum (1). B. Distribution of molecular 
diagnoses as determined by the 92-gene assay in the limited tissue data set. Molecular diagnoses labeled on the y-axis. Number of unique 
biopsy sites for each molecular diagnosis is labeled to the right of the graph. C. Sensitivity of the 92-gene assay for each specimen type 
in the limited tissue data set (p = 0.26). Specimen type labeled along the x-axis. Sensitivity expressed as a percentage is shown by each 
column. Exact values per specimen type are shown in white. Overall sensitivity for the 92-gene assay was 91%.
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and resections) from the previously published 790-sample 
blinded validation of the 92-gene assay [8]. 

Examination of the analytical success rate of the 
92-gene assay in the consecutive clinical cytology cases 
illustrated high success rate (87%), irrespective of lower 
tumor content and cellularity than required by the assay 
based on histopathological examination. The 92-gene 
assay distinguished multiple tumor types from a range 
of biopsy sites (Figures 2A, 2B, and 3). The observed 
spectrum of molecular diagnoses in the cytology clinical 
case series (23 distinct tumor types) highlights the 
difficulty in establishing a diagnosis and treatment plan 
when analyzing metastatic and poorly differentiated 
tumors from a limited tissue specimen. A key contributing 
factor to the analytical success of the 92-gene assay is its 
ability to interrogate multiple biologic pathways while 
consuming a minimal amount of tissue from specimens 
with a range of cellularity [8, 12]. Furthermore, the 92-
gene assay has been optimized to manage additional 
sample complexity arising from tissue preservation 
methodologies like the use of FFPE samples, which can 
cause degradation of the nucleic acid content within the 
specimen. 

Utilization of tissue sparing technologies can impact 
downstream analyses on patient tissue samples. While 
not the objective of this study, the 92-gene assay in the 

clinical case series allowed for additional biomarker or 
mutation analysis of actionable targets within a tumor 
type. Thirty-six of the 37 cytology cases with a diagnosis 
of lung-, colorectal-, gastric-, breast adenocarcinoma, and 
melanoma had additional biomarker testing performed at 
the same lab (Supplementary Table 1). These additional 
analyses can provide useful information with respect 
to treatment planning and individualized response to 
therapy (Table 3 and Table 4). These data illustrate that 
molecular techniques such as the 92-gene assay may allow 
combined diagnostic and biomarker testing for limited 
tissue specimens to maximize their diagnostic yield 
(Supplementary Table 1).

New techniques such as NGS provide an 
increasing amount of information while decreasing tissue 
consumption, however, knowledge of histology and tumor 
type continue to be critical for individualizing treatment. 
Growing understanding of cancer biology has led to an 
emerging form of clinical trial design, termed “Basket 
Trials,” based on the hypothesis that a molecular alteration 
predicts response to a targeted therapy independent of 
tumor histology. Initial results from these studies have 
shown that integration of tumor type/cellular context 
continues to be fundamental in the era of precision 
medicine and one cannot extrapolate the effectiveness 
of a targeted therapy uniformly to all cancer types with 

Figure 3: A. Distribution of biopsy sites within the clinical cytology case series that passed analytical QC (N = 558). *Biopsy sites with 
three or fewer cases were combined into a single category, which includes: Mediastinum (3), Bowel (2), Breast (2), Kidney (2), Adrenal (1), 
Periaortic (1), Thyroid (1). B. Distribution of molecular diagnoses as determined by the 92-gene assay in the clinical cytology data set that 
passed analytical QC (N = 558). Molecular diagnoses labeled on the y-axis. Number of unique biopsy sites for each molecular diagnosis is 
labeled to the right of the graph.
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a matching molecular alteration [21, 22]. These data 
underscore the importance of having an accurate diagnosis 
for metastatic cancer patients to enable responsible 
precision medicine. For example, in both case studies 
presented, the molecular diagnosis from the 92-gene 
assay in conjunction with downstream biomarker analyses 
provided actionable information including eligibility and 
efficacy for specific targeted therapies and clinical trial 
protocols that can be used to tailor each patient’s treatment 
regimen.

In addition to providing a diagnosis, pathologists 
are responsible for the strategic use of tissue specimens 

in molecular studies [23-25]. Use of a tissue-based, 
diagnostic algorithm which incorporates molecular 
testing may help preserve the tissue specimen and allow 
for further evaluation (Figure 4). Diagnostic algorithms 
should be flexible according to individual clinical and 
pathological characteristics (e.g. working diagnosis, 
histologic appearance, presence of metastases, and tumor 
location), as well as the needs and case distributions at a 
clinical practice (Figure 4). Clinicians and pathologists, 
as members of an oncology care team may implement 
tissue-sparing diagnostic algorithms based on consensus 
decisions custom-tailored to their patient population. For 

Figure 4: Proposed tissue-based diagnostic algorithm. Adapted from (Schnabel & Erlander, Expert Opin. Med. Diag. 2012). 
Abbreviations: IHC = Immunohistochemistry, FISH = Fluorescence in-situ hybridization, NGS = Next generation sequencing.
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example, rapid interpretation of FNA slides is a means 
to ensure adequate tissue sampling while the diagnostic 
procedure is in progress; this requires trained personnel 
and can be done on-site in radiology or endoscopy suites 
or remotely with the help of digital imaging technology 
[26, 27]. Quality control mechanisms and appropriate 
handling are needed to ensure tissue sample preservation 
and avoid exhaustion of blocks [28]. Additionally, 
effective reporting mechanisms have to be in place to 
communicate not only the diagnosis but also quality and 
quantity of tumor cells in any given tissue sample [5]. The 
goal of combining these various sampling and analytic 
approaches is to ensure accurate diagnosis and allocation 
of tissue from small samples for the appropriate ancillary 
studies at the point of care.

Key findings of this study demonstrate the high 
accuracy and analytical success rate of the 92-gene assay 
in limited tissue samples, providing further support of 
the diagnostic utility of the 92-gene assay for cytology 
and limited tissue samples. A limitation of the study was 
that although a high analytical success rate was observed 
in clinical cytology specimens, clinical validation by 
definitive follow up could not be performed at this point. 
Further studies to include clinical follow up and patient 
consent are needed to define these parameters in more 
detail. Additionally, further studies assessing the economic 
impact, effect on time to treatment, and patient outcomes 
after molecular diagnosis are merited. Incorporation of 
molecular classifiers such as the 92-gene assay that have 
been designed as a tissue sparing technology may serve 
as a safeguard for tissue preservation, especially in those 
cases where predictive biomarker analysis is warranted, 
and mitigate the risks associated with repeated biopsy 
procedures. 

MATERIALS AND METHODS

Patient cases that were examined in this report 
included 1) samples from a prospective blinded clinical 
validation and 2) a case series from clinical testing. 

Blinded clinical validation

A validation cohort consisting of N=109 limited 
tissue samples that were part of a larger 790-sample 
blinded validation were evaluated. Details of case 
selection, adjudication, sample processing and analysis 
of the samples for the validation cohort (N = 109) were 
previously described [8]. In brief, formalin-fixed paraffin-
embedded (FFPE) tissue samples of known specimen type 
and histopathologic diagnoses that met study inclusion 
criteria were selected with waived patient consent by 
the respective IRBs. Representative slides were scanned, 
uploaded to a digital pathology platform (Aperio®), and 
diagnostically adjudicated. Definitive histopathological 

diagnoses (gold standard) were established utilizing 
ancillary tests and integration of clinical, radiographic 
and follow-up information, and where consensus was 
obtained during adjudication by at least two board 
certified study pathologists. Samples were categorized 
as “limited” in the parent study based on specimen type 
and confirmed by microscopic review by the adjudicating 
pathologists. Limited tissue samples were defined as cell 
blocks from fine needle aspiration (FNA) samples (N = 
20), core biopsies and other small biopsy specimens such 
as skin punch or shave biopsies and curettings (N = 52), 
and small excisions with tumor spanning less than 1 cm 
(N = 37), while non-limited tissue samples were from 
surgical procedures where entire tumors were available for 
analysis. Inclusion criteria were specified in the protocol 
of the parent study; (i) tumors processed less than 6 years 
prior to testing, (ii) diagnosis contained within the assay 
panel, (iii) at least 40% tumor available in a markable 
area on the hematoxylin and eosin (H&E) slide, (iv) 
minimal necrosis, and (v) result within the analytical QC 
requirement of the assay. 

Clinical case series 

The 92-gene assay was performed on 644 
consecutive cytology samples submitted as part of 
routine clinical evaluation. The study was approved 
by Western Institutional Review Board (WIRB) with 
waived individual patient consent. Selection criteria for 
clinical cytology cases included any FNA biopsy or cell 
block containing cytologic body fluid specimens (pleural 
effusions, ascites, and pericardial effusions). In cytology 
cases where the number of tumor cells was lower than 
the suggested minimum requirements for the 92-gene 
assay, the assay was performed with fewer tumor cells 
at the discretion of the reviewing pathologist, and results 
reported for cases that did not exceed the PCR analytical 
cutoff value for internal controls (cycling threshold > 29). 
Additionally, biomarker analysis (EGFR, KRAS, BRAF, 
PIK3CA, and ALK rearrangements) was performed 
for cases in which the clinician requested biomarker 
testing subsequent to the 92-gene assay results of lung-, 
colorectal-, gastric-, and breast carcinoma and melanoma. 

92-Gene assay 

Cases were analyzed and molecular diagnosis 
predicted using the 92-gene assay (CancerTYPE ID®, 
Biotheranostics, Inc.) as described previously [8, 12]. 
Tumor cells were captured and enriched via laser 
microdissection (LMD) and RNA extracted from the 
specimen. Real-time RT-PCR analysis yields a collective 
gene expression profile from 87 tumor-related genes and 
5 internal reference genes. An algorithm compares the 
patient’s gene expression profile to expression profiles 
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from a reference database composed of known tumor 
types thereby generating a molecular diagnosis reported 
as a percent probability [8, 12]. Input requirements for 
the 92-gene assay include approximately 300 to 500 non-
necrotic tumor cells. Sample input range is generally 
between 0.2 nanograms to 200 nanograms of RNA. Cases 
exceeding the PCR analytical cut-off for internal controls 
(cycling threshold (Ct) >29) were considered quality 
control failures. 

Data analyses

Overall sensitivity (i.e., diagnostic accuracy) of the 
92-gene assay was calculated by comparing the molecular 
diagnosis to the definitive histopathological diagnosis 
obtained by consensus adjudication by two board certified 
pathologists who integrated morphology, ancillary testing, 
clinical and radiologic findings during the validation 
study (gold standard). Number of concordant cases was 
then divided by the total number of cases classifiable by 
the assay. Cases were categorized as unclassifiable or 
indeterminate if the algorithm did not report a probability 
of at least 70% for a single site diagnosis. Specificity was 
calculated as the number of true negative results divided 
by the sum of true negatives and false positives. Both 
sensitivity and specificity calculations employed a two-
sided 95% confidence interval. Fisher’s exact test was 
used to compare diagnostic accuracy between clinical 
subsets. The performance of the 92-gene assay in the 
limited tissue subset (N = 109) was further examined 
according to biopsy type (FNA/ cell block, core biopsy, 
other small biopsies and small excisions). Analysis of the 
performance of the 92-gene assay with respect to disease 
type and histologic grade was also conducted. Analytical 
success rate of the 92-gene assay for the clinical samples 
was defined as the proportion of cases passing pathology 
review, analytical quality control, and completion of 92-
gene assay testing.
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