
 

 

 

A Pap-Based DNA Test for Early Detection of Endometrial and Ovarian Cancers 

TECHNICAL REPORT 

Tumor and somatic mutations    
Cancers are diseases due to genetic alterations in which the cellular component does not 
respond properly to factors that normally control its proliferation. A single genetic alteration is 
generally not sufficient to cause cancer. In fact, cancers are multiphasic processes: neoplastic 
progression consists of a successive series of genetic alterations that accumulate.  
It is known in the literature that most cancers are related to the presence of somatic mutations 
on specific genes. Such somatic mutations may occur sporadically in any cell type. These DNA 
alterations can result from random errors during replication, or from exposure to accidental, 
work-related, or lifestyle-dependent mutagenic environmental factors. Those mutations differs 
from inheritable pathogenic variants (germline mutations) and cannot be transmitted to 
offspring. 
Thousands of somatic mutations, which may influence tumour onset, development of 
metastasis, or response/resistance to treatment, have been catalogued on international 
databases. Identifying and understanding these DNA alterations is crucial in cancer diagnosis 
and treatment planning, from monitoring response to therapy to early identification of 
recurrence. In addition, during the progression of a tumour, the tissue continues to develop 
additional new mutations, and these mutations can affect the response to therapeutic agents 
by triggering resistance mechanisms. 
Diagnosis of cancer requires a number of tests, among which tissue biopsy constitutes the gold 
standard. Therapeutic strategy and monitoring of therapeutic response against cancer are 
conventionally decided through an analytical approach that combines imaging with pathologic 
characterization of tissue biopsy. 
 

Incidence and mortality of gynaecological cancers 
Despite constant advances in early detection and treatment, gynaecological cancers are 
responsible for about 25,000 deaths each year and are the third leading cause of cancer-related 
death in women in the US1.  
Gynaecological cancers are often diagnosed at an already metastatic stage because they 
present an asymptomatic course and because of the poor sensitivity of diagnostic methods used 
to date. 
Worldwide, more than 200,000 deaths from gynaecological cancers are expected each year2,3. 
The high mortality rate associated with gynaecological cancers has made the development of 
new diagnostic tools a priority need. 



 

 

Ovarian cancer is less frequent but more lethal. It is often diagnosed at an advanced stage, 
with a five-year survival rate of 28 percent. More than 22,000 women are affected by this type 
of cancer in the US, with more than 14,000 deaths each year1.  
Endometrial cancer is the most common gynaecological cancer.  
There are more than 62,000 new cases diagnosed in the US each year, with more than 11,000 
deaths each year1. 

Cervical sampling as a new molecular cancer screening tool 
Prevention and early detection are essential tools for reducing cancer mortality, and the goal 
of many research groups in the past few years has been to develop tools that can meet these 
needs. 
The introduction of cervical screening test by cytological examination (the Papanicolaou test, 
known as the "Pap smear") has greatly reduced the incidence of cervical cancer 4-6 in the 
adherent population, enabling early detection and subsequent surgical treatment. 
Unfortunately, identification of neoplastic cells from the endometrium and ovary is rare: 
cytological examination of the specimen is often unable to discriminate such cells from benign 
conditions or cervical cancers. 
A DNA screening test on cervical specimens has the potential to increase the chances of early 
detection of endometrial and ovarian cancers in asymptomatic women. This DNA screening test 
can be used to identify somatic mutations related to the DNA released from endometrial, 
ovarian, and cervical cancers7. 

PAPNext™ 
PAPNext™ is a genetic screening test aimed at detecting somatic mutations using the same 
sample taken for routine Pap smear. The test identify endometrial and ovarian cancers at an 
early stage, significantly increasing the chances of therapeutic success. 
PAPNext™ allows the diagnostic potential of the Pap smear (cytology test) to be extended 
through the introduction of state-of-the-art sequencing technologies able of detecting somatic 
mutations in 28 genes commonly mutated in gynaecological cancers (genetic test). 
The test employs the latest technological innovations.  
Thanks to Next Generation Sequencing (NGS) sequencing technology, it is now possible to 
detect somatic mutations extremely sensitively even with small amounts of tumor cells.  

PAPNext™: Scientific studies 
In two promising initial studies, Kinde et al.7 and Wang et al.8  demonstrated the sensitivity of 
sequencing techniques for identifying somatic mutations useful in detecting the presence of 
gynaecological cancers of the endometrium and ovary during routine Pap testing. When 
sequencing technology was used on cervical samples collected from women with 
gynaecological cancers looking for somatic mutations in DNA, the test effectively revealed the 
presence of such alterations. 
Mutations were identified in 93% of women with endometrial cancer (90% of whom had early-
stage cancers) and 45% of women with ovarian cancer (47% of whom had early-stage cancers). 



 

 

In addition, no mutations were detected in women without disease, giving the method a very 
high specificity (>99.9%)9. Recently, additional studies reported that cervical swab-based gDNA 
test show an improved detection potential and allow the classification of patients, which has 
both predictive and prognostic implications 10-12. 

Advantages of PAPNext™ 
PAPNext™ enhances the chances of early detection compared to the Pap smear alone by 
combining cytological screening with genetic screening for tumor DNA. 
PAPNext™ promotes diagnosis in non-advanced stages of endometrial, ovarian and cervical 
cancers, stages in which the cancer is still treatable. 

PAPNext™ Indications for testing 
PAPNext™ is a test designed for surveillance of the high-risk population, thus particularly 
suitable for (but not limited to): 
 Genetic predisposition: Patients known to be carriers of BRCA1 or BRCA2 mutations or Lynch syndrome-

related mutations. 

 Risk factors: Patients with BMI above normal weight index, who are symptomatic, or have suspected 
bleeding. 

 Familiarity: Patients with family history of endometrial, ovarian, or cervical cancers. 

 Previous positive screening test: Patients with positive cervical/gynaecological cytology test results 

previously performed. 

 Early diagnosis: Any patient who wishes to have the most thorough screening available today to improve 
their chances of early diagnosis. 

PAPNext™ technology 
PAPNext™ is a screening test, performed through the use of the latest generation of DNA 
sequencing technology, called Next Generation Sequencing (NGS), capable of highly sensitive 
detection of somatic mutations on 28 genes commonly mutated in endometrial, ovarian, and 
cervical cancers, even in case of small amounts of tumor cells.  
The test is performed on a sample of cervical cells taken by swabbing from the endocervical 
canal. DNA is isolated and amplified by PCR technique. Then specific hotspot regions of the 
investigated genes are sequenced at high read depth. The gene sequences obtained are then 
analyzed to identify any somatic mutations in the genes under investigation. Mutations are 
queried using the COSMIC (Catalogue Of Somatic Mutation In Cancer) database capable of 
associating pathological mutations using data found in scientific publications. 
 
Gene regions investigated 
PAPNext™ was designed to detect somatic mutations on 28 genes (Table 1) commonly mutated 
in endometrial and ovarian cancers, and cervical cancers. The genes were selected from those 
indicated by organizations such as the National Comprehensive Cancer Network (NCCN) and 
the European Society of Medical Oncology (ESMO). The panel includes single nucleotide 
variants (SNVs), and insertions/deletions (indels) that have proven useful in the molecular study 
of tumor. 
 



 

 

Target Coverage 
Target Coverage is defined as the average number of reads obtained from sequencing each 
nucleotide base of the genes. In general, the deeper the coverage of a region the more sensitive 
and reliable the analysis. To detect variants and mutations in the investigated genes, the 
examination requires 8,000x coverage to allow detection of mutations of up to 1 percent 
frequency. Internal quality control (QC) requirements for the PAPNext™ assay dictate coverage 
greater than 8,000x on more than 99% of the target bases scheduled for analysis.  
 
Mutated Allele Frequency (MAF). 
Mutated allele frequency is the frequency identified in the sample reported for the different 
mutations (substitutions, insertions and deletions). 
 
 
 
 
 
 
 
 

PAPNext™ results 
PAPNext™ provides information regarding the absence or presence of mutations in the most 
frequently mutated genes reported in endometrial and ovarian cancers, and cervical cancers. 
"POSITIVE" result - Presence of one or more mutations: indicates that the test has detected, 
in the DNA extracted from the biological sample examined, one or more somatic mutations on 
one (or more) genes. Mutations detected by the PAPNext™ test can fall into the following 
prognostic categories: 

 With known pathological significance;  

 With uncertain significance because they are not yet known or characterized by the 
medical and scientific community. In this case, further investigation may be needed to 
clarify the significance of the variant. 

The identification of such mutation(s) may have different implications, depending on the 
variant(s) detected. Our geneticist, in genetic counselling, will explain in detail the significance 
of the test result, referring the patient to a subsequent consultation with the oncology 
specialist.  
"NEGATIVE" result - Absence of mutations: indicates that the test did not detect, in the DNA 
extracted from the biological sample tested, any somatic mutations. Occasionally, the test may 
produce a less-than-optimal or inconclusive result because the sample does not meet the 
minimum quality requirements necessary for the result obtained to be considered optimal and, 
therefore, for the relevant report to be issued. 

Table 1. Genes investigated in PapNext 
 
PTEN, PIK3CA, ARID1A, TP53, CTNNB1, PIK3R1, KRAS, CTCF, ZFHX3, FBXW7, PPP2R1A, 
KMT2D, KMT2C , FAT1 , FAT4, BCOR, POLE, ATR , SMARCA4, TERT , BRAF, FOXL2, MED12, 
ARID1B, LRP1B , SPOP, BRIP1, RNF43 



 

 

PAPNext™ accuracy 
Current DNA sequencing techniques produce results with more than 99% accuracy (sensitivity 
99%; specificity 99.9%). Although this test is very accurate one must always consider the 
limitations of the test, described below. 

PAPNext™ limitations 
PAPNext™ analyzes only specific mutations in the investigated genes. In the case of tumors that 
have not developed these mutations at the time of testing, these mutations will not be 
detected.  
It is also possible that mutations and/or genes not tested by PAPNext™ may be causing the 
patient's disease. 
The test is unable to detect:  
• mutations located in gene regions not specifically investigated;  
• deletions, inversions or duplications greater than 25 bp. 

 
• A "NEGATIVE” result does not exclude the possibility of mutations located in regions of the 

genome not investigated by the examination. 
 
A “POSITIVE” result must be interpreted in the context of the patient's medical history and 
related to the stage of the disease, imaging findings, therapeutic details, and other 
laboratory data. 

• In some cases, the result of a genomic analysis may reveal a DNA variant with uncertain 
clinical significance.  

• The interpretation of genetic variants is based on the latest knowledge available at the time 
of analysis. This interpretation may change in the future as new scientific and medical 
information about the structure of the genome is acquired and affects the evaluation of 
variants themselves. 

• Some of these variants may not yet have been identified or validated by the scientific 
community and therefore may not be reported as pathogenic at the time of analysis. 

• Intrinsic limitation of the NGS methodology used is the lack of uniformity of coverage for 
each gene region analyzed. This limitation results in the possibility that specific mutations 
in the selected genes may not have been detected by the assay. 

• Somatic mutations not included in the test will not be detected.  
• PAPNext™ is not aimed at detecting hereditary predisposition to cancer development, but 

detects only somatic mutations. 

 Disclaimer 
The data submitted in the technical report and patient reports are intended for the use of 
qualified health care professionals only. Any diagnosis, counselling, or prescription of treatment 
in relation to the data contained in this technical report, or in the reports, must be performed 
by a qualified health care professional taking into account the individual patient's medical 
history, including the outcomes of other traditional methods of analysis (e.g., tumor tissue 
biopsy and imaging techniques). The information contained in the reports and in this technical 



 

 

report is referable to the date on which the reports were issued; the health care provider taking 
charge of the patient is advised to re-evaluate the situation that has emerged according to the 
latest available literature in the future.  
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