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The revolutionary role of RNA biomarkers in drug discovery and development

Biomarkers are well known for their role in exploring diagnostics; but what role can RNA biomarkers play in drug discovery and development and how are they improving workflows for researchers?



The rise of RNA biomarkers

Despite years of research and development and billions of dollars, nine out of ten drugs fail after they enter clinical studies [1]. A US FDA (MD, USA) supported effort to improve the success of new therapeutics in clinical studies has seen an increase in the use of biomarkers in the drug discovery and development process.

Biomarkers, measurable characteristics that indicate biological traits or processes, can be used at all stages of drug discovery and development. At the discovery stage, they can enhance our understanding of biological pathways and regulatory mechanisms associated with diseases and can potentially be used as targets for drug design. As drugs are typically designed to target specific steps in biological pathways, the therapeutic target molecule or subsequent molecules in the pathway make ideal biomarkers for assessing a drug’s pharmacodynamic activity, efficacy and safety. Later on in the development process, biomarkers can be used to help predict response to treatment, which is particularly important for the shift towards personalized medicine.

In the past, biomarkers were predominantly proteins and metabolites, measured using techniques such as immunoassays, enzymatic assays, high-performance liquid chromatography and mass spectrometry [2]. However, in recent years, thanks to developments in polymerase chain reaction (PCR) and sequencing technologies, we have seen an increase in nucleic acids being used as biomarkers, particularly RNA.

RNA-based biomarkers offer advantages over other biomarkers as they deliver both genetic and dynamic regulatory information, providing an accurate reflection of cellular states and processes in health, disease or in response to drugs. Transcriptional profiles respond to signals within minutes, whereas these alterations are only visible after hours at the protein level. Changes in DNA are harder to detect as they are usually regulated by methylation or binding of transcription factors [3]. The detection limits of RNA are much lower than those of proteins, as it can be easily amplified and captured through reverse transcription PCR (RT-PCR). Additionally, as there is no need for expensive antibodies, RNA biomarker detection is more cost-effective than protein detection [4].



The gold standard

While other techniques are available for the detection and quantification of RNA biomarkers, such as RNA-seq and microarrays, quantitative RT-PCR (RT-qPCR) is the gold standard [5]. RT-qPCR is a highly specific and sensitive quantification method that incorporates PCR-based amplification of target RNA sequences with detection using fluorescence [5]. RT-qPCR enables rapid and straightforward detection of targets, producing accurate and reproducible results when performed correctly.

Developments in RT-qPCR have improved the technique significantly. For example, multiplex RT-qPCR enables the amplification of more than one target in a single reaction using different reporters with distinct fluorescent spectra. This allows you to obtain more information from a single reaction, while also reducing sample input and costs since you only need to run one experiment instead of multiple [6]. Due to costs and challenges associated with automation, RT-qPCR is often considered low-throughput; however, systems such as the Applied Biosystems™ QuantStudio™ Real-Time PCR instruments from Thermo Fisher Scientific (MA, USA) enable up to 96 or 384 samples to be analyzed in a single plate with a 2-hour turnaround time, making high-throughput workflows possible. The system also offers automation capabilities, further streamlining the process [7].



Out with immunoassays, in with RT-qPCR

The advantages of RNA biomarkers and RT-qPCR have led some researchers to replace assays that would traditionally quantitate proteins using immunoassays with ones that quantitate RNA using RT-qPCR. For example, researchers from James Cook University (Queensland, Australia) published a method for a high-throughput screening RT-qPCR assay for quantifying surrogate markers of immunity from peripheral blood mononuclear cells (PBMCs) [8]. Surrogate markers of immunity provide disease biomarkers and potentially help inform about the effectiveness of candidate therapeutics.

Although quantitating cytokines and other surrogate markers of immunity from PBMCs with immunoassays enables highly sensitive measurements of immune effector function, the assays consume high numbers of cells and costly reagents, which prevents comprehensive analyses and high-throughput screening. The researchers found that mRNA expression of interferon-gamma (IFN-γ), a key surrogate marker of immunity, correlated strongly to IFN-γ protein production. They developed a high-throughput assay to extract RNA from PBMCs and used RT-qPCR to quantify surrogate markers of immunity instead, reducing the cost of the experiment by almost 90% [8]. They found the new assay to be successful and anticipate its use in preclinical studies, to help select and develop new therapeutics, and clinical studies, to evaluate the effectiveness of candidate therapeutics. The assay will be particularly useful when samples and funds are limited.



Gene expression analysis

One common method of utilizing RNA as a biomarker in drug discovery and development is to measure mRNA levels for gene expression analysis experiments. Gene expression analysis provides a powerful way to identify changes in gene expression in response to a pathogen, disease or drug. RT-qPCR-based gene expression analysis potentially can detect disease/drug-associated pathway activation or inhibition by comparing mRNA levels in response to disease/drug administration with control levels. This helps researchers understand the mechanisms underlying biological processes and therapeutic interventions, enabling them to predict response and efficacy and identify potential adverse reactions.

Major depressive disorder (MDD) is a common psychiatric disorder and one of the leading causes of disability worldwide. Antidepressants are the first-line treatment for MDD; however, approximately 30% of people with MDD don’t respond to them [9]. The reasons for this lack of response are not well understood, nor are the mechanisms of action of antidepressants. Understanding the molecular mechanisms and pathways involved in antidepressant response could potentially help develop more effective treatments for those who don’t respond.

To this end, an international research collaboration led by Université Paris Descartes (France) and McGill University (Montreal, Canada) examined peripheral gene expression in three cohorts of individuals with MDD on antidepressants [10]. They used microarrays and the QuantStudio™ 6 Flex Real-Time PCR System to investigate mRNA changes associated with antidepressant response.

They found that responders, but not non-responders, display increased levels of G-protein coupled receptor 56 (GPR56) mRNA in the blood. The team then used RT-qPCR to investigate GPR56 expression in post-mortem brain tissue from individuals who died by suicide during an episode of MDD and compared them with psychiatrically healthy individuals. They found that GPR56 is down regulated in the prefrontal cortex, the part of the brain involved in complex cognitive behavior, personality expression, decision making and social behavior.

Further in vitro and in vivo animal experiments characterizing the function and signalling properties of GPR56 found it to be related to depressive-like behaviors and executive functioning. In this study, the use of mRNA as a biomarker played a crucial role in understanding the relationship between GPR56 and depressive symptoms, as well as response to antidepressants. The results suggest that GPR56 mRNA could be a helpful biomarker to monitor antidepressant response, and that GPR56 could hold promise as a potential target for new antidepressant treatments [10].



Quantifying viral RNA

In 2022, the US FDA proposed virus-derived DNA and RNA as surrogate endpoint biomarkers for the development and approval of antiviral drugs [11]. Quantifying viral nucleic acids allows researchers to establish viral load and evaluate how effective candidate drugs are at treating the viral infection. For example, HIV RNA levels are used as a validated efficacy endpoint in trials testing antiretroviral therapies, as a treatment-induced decrease in plasma HIV RNA levels are established as being predictive of clinical benefits [12].

The COVID-19 pandemic, caused by the SARS-CoV-2 virus, has had a devastating impact on global health and economies since its onset in December 2019. As a result, there has been an unprecedented effort to develop new vaccines and treatments, with biomarker strategies playing a crucial role in supporting this research.

A recent study led by researchers at Georgia State University (GA, USA) used viral RNA as a biomarker when comparing the efficacy of two licensed drugs, molnupiravir and paxlovid (nirmatrelvir/ritonavir), in a dwarf hamster model for severe COVID-19-like lung infection and a ferret SARS-CoV-2 transmission model [13]. The researchers used the QuantStudio 3 realtime PCR system to perform RT-qPCR to quantify viral RNA in the animal models after being treated with the drugs. They also measured infectious titers, which are a measure of infectious viral particles, using TCID50 and plaque assays.

They found that when treated with paxlovid, there was a significant reduction in both viral RNA copies and infectious titers in the ferret model. However, when treated with molnupiravir, there was a significant reduction in infectious titers, but viral RNA copies were not significantly reduced. The researchers hypothesized that because molnupiravir is a viral mutagen, it can destroy RNA bioactivity but not reduce viral RNA copy number [13].

Therefore, using RNA copy number as a primary endpoint biomarker to determine efficacy without measuring RNA bioactivity may result in an underestimation of antiviral effect of viral mutagens like molnupiravir. This study highlights that while viral RNA biomarkers can be important indicators of antiviral drug efficacy, extensive studies need to be carried out and biomarkers need to be validated.

For more information visit: www.thermofisher.com/qualtrak Products suggested from Thermo Fisher Scientific are For Research Use Only. Not for use in diagnostic procedures.



Conclusion

RNA biomarkers are revolutionizing drug discovery and development, offering a promising avenue for improving the success rate of new therapeutics. These biomarkers provide dynamic information ondisease status and therapy effectiveness, offering a real-time glimpse into cellular states, processes and responses. The emergence of quantitative RT-PCR as the gold standard for RNA biomarker quantification has made high-throughput workflows a reality, reducing costs and improving efficiency. RNA biomarkers, with their versatility and accuracy, are poised to continue shaping the landscape of drug discovery and development, bringing us closer to safer, more effective and personalized therapeutics.
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On 23 July 2020, Bioanalysis Zone held a panel discussion on ‘Novel Techniques and The New Age of Biomarkers’. This set the stage for industry experts to focus on the vanguard of efforts in the field of bioanalysis among the challenges that the community faces today as well as explore the steps taken to address them. The discussion was categorized under three main topics: ‘New methods and techniques’; ‘The new age of biomarkers’ and ‘The current trends in nonstandard bioanalytical techniques’.

The panel was moderated by S Pasas-Farmer, PhD, President of Ariadne Software (KS, USA). The speakers included C James, PhD, Director of Bioanalytical Sciences, Amgen Research (CA, USA); C Fandozzi, PhD, Associate Vice President, Merck Research Laboratories (PA, USA); D Warrino, PhD, Senior Scientific Advisor, KCAS Bioanalytical and Biomarker Services (KS, USA); R Durham, PhD, Director of Service and Scientific Support, Gyros Protein Technologies (NJ, USA); R Hayes, PhD, VP of Bioanalytical Services, ICON plc (NY, USA); S Cape, PhD, Director of Bioanalytical Science, Covance (WI, USA) and T Olah, PhD, Group Director of Bioanalytical Research, Bristol-Myers Squibb (NJ, USA).

In this commentary, highlights pertaining to the three topics from the panel discussion will be covered.


New methods & techniques

Drug modalities have grown far beyond the traditional small molecules to include oligonucleotides, RNAi, antibody–drug conjugates and gene therapy, to name a few. This increase in drug modalities has led to greater demands of the bioanalytical lab community to support the related method validation and bioanalytical needs. Keeping this ever-changing landscape in mind, T Olah expressed that being in discovery requires thinking 2–3 years ahead of time. To address any issues, an understanding of our limitations and a vigilant assessment of trends and technologies are required. For example, when LC–MS was launched, it turned out to be so helpful that it not only managed to survive but also became a part of the mainstream bioanalytical workstream. Thus, it is essential to work with appropriate companies and embrace these evolving technologies into current bioanalytical workflows.

New drug modalities are also bringing the ‘plug and play’ approach of traditional methods, such as LC–MS and ligand-binding assay (LBA), to an end. Consequently, bioanalysts should not trap themselves in the current, mature technologies and should rather “bring a more technology agnostic mind and a nimble approach to designing and running the programs,” emphasizes S Cape.

However, as R Durham highlights, new technologies tend to be affiliated with a certain niche and as such they fit only within that niche. To broaden the use of these new technologies requires us to take risks in order to explore the opportunities. An approach that Merck uses to build a stronger bioanalysis team (one with well-equipped tools and techniques) is to integrate the bioanalysis team across the entire organization, from early discovery to marketing. This allows for increased opportunities to learn new techniques from one another as well as serve to cross-train the employees in different techniques. An alternative approach employed by Amgen is to utilize early discovery for testing new technologies and to create specific internship roles for the exploration of new technologies while maintaining isolation from the associated pressures within drug discovery and development. At last, sometimes it is all about necessity. When all typical solutions are exhausted, one seeks and develops a more efficient and improved path forward.

While these approaches work well for sponsors, R Hayes highlights that Contract Research Organizations (CROs) work differently and with different objectives in mind. First and foremost, the Chief Financial Officer must be convinced to invest in a new tool or technology. This requires a good understanding of how soon an acceptable return on investment can be achieved, the expected throughput rate of samples and the ability to justify our validation to the US FDA. All-in-all, these considerations make CROs pretty risk averse. Additionally, CROs work within aggressively tight timelines and have a more rigid way of doing work and charging for it, which sometimes prohibits the adoption of a new technology despite its possible benefits.

Sponsors, on the other hand, tend to be more receptive in adopting new technologies with a willingness to run riskier experiments. However, if the timeline is tight or the new technology has challenges, the sponsor may lean toward the more traditional approaches or rely on the CROs expertise within a field.

Finally, a discussion of new technologies would not be complete without including artificial intelligence (AI). As AI has broadened its reach within different aspects and phases of drug development, it has come with both benefits and challenges. At Merck, efforts are on the way to implement AI based technologies and products throughout the organization for the optimization of early drug discovery and development and C Fandozzi believes that “AI can be more than just a buzzword if used within the right infrastructure to collect the data in a framework where we can get the most use out of it.”



The new age of biomarkers

Biomarkers are a fast-emerging field, and as exciting as they are, they have brought about their own unique challenges. A biomarker is a measurable characteristic of the human body. It is used in pharmaceuticals and diagnostics as a marker of a human condition. Since a diseased state may have multiple biomarkers, early discovery is mostly about understanding the biology of the target and ensuring that you have the right target. T Olah recommends going beyond pharmacokinetics and understanding how the drug modulates that target. He adds, “know that there is no single biomarker to go after. The earlier you start identifying potential biomarkers, the more helpful it may be.” His team starts identifying biomarkers anywhere from in vitro and preclinical and tries to narrow down from multiple biomarkers to a few. He believes simplifying complex assays can be beneficial in the long run as well.

Due to their low sensitivity, biomarkers may sometimes be difficult to trace. He, therefore, recommends focusing on sensitivity for early detection. In general, there has been an improvement in measuring biomarkers with low sensitivity, and now the challenge has shifted to meeting higher throughput demands. Our limitation lies in incorporating new technologies and platforms due to the associated learning curve when doing so. We need more and better integration between steps and analytical processes.

Some of the techniques available currently are challenging and may even be excessive from a developmental perspective. It may therefore be hard to transition them from discovery to clinical. What may help is to start building support through clinical and beyond during early discovery to ease the transition. Commercial kits, although available, do not always ease the transition to clinical stages and an improvement in figuring out how to make them work might be required. R Hayes suggests having a good supply chain for critical reagents, as commercial kits may be of subpar quality and lacking slightly in the recombinant proteins. D Warrino and his team have tried commercial kits with different platforms, such as affinity capture and LC–MS with some success.

Another critical area of focus while working on biomarkers is the context of its use, in other words, clinical trial end points. The method of validation is dictated by whether it is dose impacting, part of the label, a primary end point or a secondary end point. Primary end point, dose impacting and part of the label biomarkers require full GLP validation, while secondary end points are a bit of a grey area. For exploratory purposes, nonregulated fit-for-purpose validation with a simple qualification or a characterized method that measures range of quantitation, dilution linearity, matrix effect and minimum required dilution would suffice. For pharmacodynamic purposes, other performance characteristics should also be validated.

Since biomarkers can go the full spectrum from bioanalytical pharmacodynamics to clinical diagnostics, R Hayes recommends that it is helpful to have all activities tightly aligned and managed. It may be helpful to start with a bioanalytical approach for developing a biomarker within a bioanalytical lab, but it may be difficult to move biomarkers from bioanalytical pharmacodynamics into a Clinical Laboratory Improvements Amendments (CLIA – diagnostic regulations) laboratory. This is because CLIA assays are often designed to measure a biomarker within a normal healthy range whereas a disease state may require a very different range. “Sometimes at the start of clinical development, a secondary end point being measured in a bioanalytical laboratory could show utility for patient inclusion or exclusion in subsequent trials. That’s when we should start looking at the transition to the diagnostic group,” he adds.

The transition can be even more challenging when sponsors collaborate with CROs to transition a biomarker from discovery to clinical and ultimately to diagnostics. D Warrino points out that for endogenous proteins, achieving desired sensitivity and selectivity of the biomarker can be challenging. He tries to recapitulate what the sponsor had captured but success isn’t guaranteed. R Hayes tries to get involved on the Phase I studies, and if the sponsor is comfortable, he prefers evaluating the exploratory end point. Typically, we are further along, looking into inclusion and exclusion and whether it is a prognostic or diagnostic biomarker. If it has been established, it is more appropriate for the CLIA lab to take it on. If it is esoteric or has not yet been proven in its context-of-use, then we do more of a full bioanalytical validation in our CLIA lab to understand the reference ranges, how it fits for that particular disease and whether it is clinically relevant.



Current trends in nonstandard bioanalytical techniques focusing on quantitative PCR, flow cytometry & immunoaffinity capture

Quantitative PCR (qPCR) has made its way into the bioanalysts’ toolkits for detection, characterization and quantification of nucleic acids, and more recently, in support of gene therapy products in which one needs to quantify the amount of virus. The recent COVID-19 pandemic has brought testing into the limelight of bioanalysis as well as highlighted some limitations of qPCR, especially in regard to false negatives. Given the gravity of the SARS-CoV-2 outbreak, a lot of the COVID tests were rushed to the market under extreme time limitations and not all performed up to the expectations. To this end, C Fandozzi emphasizes the importance of building a robust assay in the first place, as “there is no replacement for solid method development.”

Outside of COVID, however, PCR has been embraced with new technologies, viral materials and therapeutics. Having tested oligonucleotide plates with LC–MS, C Fandozzi’s group has had some success, although she states that it is difficult to compete on sensitivity with traditional qPCR with MS. She has also seen progress with digital PCR (a highly sensitive PCR technique for absolute quantification of nucleic acids) and hybridization, where scientists combine MS with other types of assays. Her team has also tried low-volume flow systems (such as nanoflow or capillary flow systems) coupled to mass spectrometry and has achieved great levels of sensitivity but has had difficulty moving from a research environment into a regulated laboratory due to problems with selectivity and robustness.

Given the multitude of technologies to choose from, S Cape cites the example of oligonucleotides that can employ technologies ranging from LC–MS and LBAs to hybridization fluorescence based on whether we need to measure dose compounds of oligonucleotides or the downstream protein generation. In situations like these, it is helpful to invest in a suite of different technologies, allowing the end goal of the experiment to dictate the approach and technology required. Likewise, we are too used to choosing a path early on and following it through the end. However, it pays off to spend the time early on to explore a few different tools and techniques, to make sure we can answer the right questions with the right sensitivity at the right time, and to figure out what that upfront investment may look like. Also, S Pasas-Farmer points out that what may be applicable in early discovery may not be applicable in preclinical and clinical stages of drug development. Thus, requiring careful consideration on how to bridge those gaps. Ultimately, the overall intent is to bring all disciplines and drug modalities together as a collaborative team in working to design a bioanalytical plan that accommodates our needs at different stages without having to recreate past efforts or add to an existing workload.

Another important consideration with some of the newer technologies, such as droplet digital polymerase chain reaction, qPCR and flow cytometry is the lack of guidance. As S Pasas-Farmer asserts, it puts forth questions as to what level of compliance is required and how to ensure validation per the limited available guidelines.

Yet another technology that is picking up some traction is immunoaffinity capture, which is used as a purification technique to obtain a protein of interest before sample analysis using LC–MS. T Olah believes that this technology has the potential to reach the sensitivity and resolution that is especially needed in the area of detecting biomarkers; all we need to do is to make this technology faster and more robust. To this, C James adds that sometimes we may not have much choice with selecting a platform. He emphasizes that “with large molecules, for example, one may need to move to LC–MS when LBAs lack adequate performance or availability of quality reagents is limited. In such cases, immunoaffinity capture is critical to isolate protein of interest from other proteins in biological fluids.”



Conclusion

In a nutshell, we need to assess new technologies for their performance and adopt the ones that bring value. The more technologies we assess and adopt, the larger will be the suite of technologies we can pull from; and the larger the suite of technologies we invest in, the better our chances of running a successful program. Although, pulling from a bigger suite of technologies does require an open mind. It requires the exploration of multiple technologies during early discovery for performance evaluation before committing to a set of mature technologies through the rest of the program. Finally, as a community, we need better collaboration among sponsors, CROs, vendors and regulatory bodies to ensure the successful adoption and use of new technologies.

For further details on the panel discussion, please check out the Panel Discussion recording [1].
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Nucleic acid (NA) biomarkers play critical roles in drug development. However, the global regulatory guidelines for assessing quantification methods specific to NA biomarkers are limited. The validation of analytical methods is crucial for the use of biomarkers in clinical and post-marketing evaluations of drug efficacy and adverse reactions. Given that quantitative polymerase chain reaction (qPCR) and reverse transcription qPCR (RT-qPCR) methods are the gold standards for the quantification of NA biomarkers, the Biomarker Analytical Method Validation Study Group in Japan has discussed considerations and made recommendations for the development and validation of qPCR- and RT-qPCR-based analytical methods for endogenous NA biomarkers as drug development tools. This white paper aims to contribute to the global harmonization of NA biomarker assay validation.
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A biomarker is defined as a measurable characteristic that indicates the biological response to a normal biological process, pathogenic process, exposure or intervention (including therapeutic interventions). Biomarkers have molecular, histological, radiological and physiological properties [1]. The use of biomarkers in drug development is crucial for improving the success rate and safety of drug development, and has been increasing annually. Before using biomarkers as drug development tools, such as end points for clinical evaluation, or including them in drug application dossiers as reference information, their analytical methods must be adequately validated. In addition, the validation of analytical methods for assaying biomarkers based on their context of use is important. At present, it is difficult to define a uniform acceptance criterion for biomarker validation (as in the case of bioanalytical method validation used in drug development). Therefore, applying the ‘fit-for-purpose’ concept is useful for evaluating biomarker analysis methods [2, 3, 4 and 5]. Unlike in drug bioanalytical methods, careful attention must be paid to the limitations of the characteristics and availability of reference substances for biomarkers during analytical method development and validation. Moreover, the possible presence of analytes in sample matrices and problems unique to biomarker analysis methods (such as interindividual differences and diurnal variations in biomarker concentrations) also need to be considered.

In addition to biomolecules, such as endogenous metabolites and proteins, nucleic acids, such as DNA and RNA, can be used as biomarkers. For example, the US FDA has proposed virus-derived DNA and RNA as alternative end point biomarkers for the development and approval of antiviral drugs [6]. Circulating microRNAs (miRNAs) have also been used as biomarkers to detect adverse drug reactions [7]. Furthermore, the use of nucleic acid (NA) biomarkers as predictive biomarkers of the therapeutic effects of anticancer drugs and their clinical applications has been reported [8]. Quantitative polymerase chain reaction (qPCR)/reverse transcription qPCR (RT-qPCR)-based analytical methods are commonly used for the detection and quantification of NA biomarkers.

qPCR and RT-qPCR are highly specific, sensitive and reproducible NA analysis methods that incorporate PCR-based amplification of target NA sequences with detection using fluorescent substances. With the recent increase in the number of gene and cellular therapy products and vaccines, the importance of qPCR and RT-qPCR for assessing the quality, safety and efficacy of these drugs is increasing. For example, the Nonclinical Biodistribution Considerations for Gene Therapy Products (ICH S12 guideline) [9], published by the International Conference on Harmonization of Medicines Regulations (hereafter referred to as ICH) in March 2023, proposed the use of qPCR in the biodistribution studies of gene therapy products as an assay method. In addition, the ‘General Principles to Address Virus and Vector Shedding’ [10], published in June 2009 as the opinion of the ICH expert meeting, recommends the use of qPCR for the detection of emitted viruses/vectors. However, the acceptance criteria for the analytical method validation of qPCR and RT-qPCR are not described in the aforementioned guidelines or points-to-consider documents.

The Minimum Information for Publication of Quantitative Real-Time PCR Experiments (MIQE) guidelines were first published in 2009 to ensure the accuracy and reproducibility of analytical methods using qPCR and RT-qPCR that were submitted to scientific journals [11]. In addition, the American Association of Pharmaceutical Scientists, Workshop on Recent Issues in Bioanalysis (WRIB), Discussion Groups of the Global CRO Council and Japan Bioanalysis Forum have discussed the acceptance criteria for qPCR/RT-qPCR-based bioanalytical method validation of biological samples for gene and cellular therapy products. The content of the agreement on the validation parameters and their acceptance criteria in the validation tests has been published [12, 13, 14, 15 and 16]. Although biomarkers are not yet covered, regulatory bodies in Europe and the USA have issued guidelines for the validation of qPCR/RT-qPCR-based analytical methods for the detection and quantification of specific NA sequences derived from genetically modified organisms present in food and feed [17,18]. In addition, the International Organization for Standardization (ISO) has established guidelines for the development and validation of qPCR/RT-qPCR-based quantitative methods [19].

In cases where NA biomarkers are to be used as drug development tools evaluated in clinical trial end points or where their analytical results are to be included in drug application dossiers as reference information, the analytical methods to be used must be well validated, as is done for protein and small-molecule biomarkers. Regarding assay validation for biomarkers, points-to-consider documents were jointly published by the Critical Path Institute and the FDA in June 2019 [4], and by the Japan Agency for Medical Research and Development (AMED) study group in Japan [5]. Although qPCR/RT-qPCR-based analytical methods are not covered, many critical points described in these documents can be applied to NA biomarker analytical method validation when determining validation parameters as well as their acceptance criteria.

As described above, guidelines and white papers for qPCR/RT-qPCR method validation are being actively prepared and examined globally, mainly in the pharmaceutical and food industries. However, documents specific to the evaluation of NA biomarkers as drug development tools have not yet been published. Therefore, it is necessary to discuss method validation and study sample analysis using qPCR/RT-qPCR-based methods for NA biomarkers as well as to prepare a white paper and other regulatory documents for consensus to promote the use of NA biomarkers in drug development.

For this reason, initial discussions were held by researchers in the National Institute of Health Sciences belonging to the AMED research group on the ‘Studies for qualification of biomarker candidates in drug-induced interstitial lung diseases and severe cutaneous adverse reactions, and for drafting the related guidance’. Based on these details, the expert members from the AMED research group (hereafter referred to as the Study Group) on ‘Studies of the Acceleration of Global Harmonization for Regulating Safety and Quality Assurance of Pharmaceuticals’ had further discussions. The current points-to-consider document was prepared as a result of the discussion of the Study Group and is expected to contribute to the international harmonization of qPCR/RT-qPCR-based analytical method validation and study sample analysis for NA biomarkers in drug development.


Scope & basic principles

This document includes the opinions of the Study Group regarding the points to consider during the development, validation and study sample analysis of qPCR/RT-qPCR-based analytical methods for NA biomarkers used in drug development. The descriptions in this document are assumed to apply to qPCR/RT-qPCR-based analytical methods for quantifying NA biomarkers, the results of which are described in the Common Technical Document summaries [Module 2] (part of the application dossiers for drug approval). Therefore, in vitro diagnostic agents, such as companion diagnostics and clinical tests, are excluded from the scope of this document.

Prior to the validation of an analytical method for each NA biomarker used during drug development, it is necessary to define and document the required validation parameters and acceptance criteria in advance, considering the principle of ‘fit-for-purpose’ and availability of experimental materials.

This document applies to DNA and RNA-based biomarkers as analytes within qPCR and RT-qPCR analyses. Examples of DNA-based biomarkers include genomic DNA, mitochondrial DNA and cell-free DNA, while examples of RNA-based biomarkers include mRNAs and miRNAs. Digital PCR methods, wherein the measurement principle and data analysis method differ from the qPCR method, are out of scope in this document. This document describes a qPCR/RT-qPCR method used to quantify a single target NA biomarker as an analyte in biological matrices (a single-plex).

This document describes the development and validation of analytical methods that can be used to quantify the concentration (e.g., copy number per unit volume) of NA biomarkers in biological samples using qPCR/RT-qPCR. Genotyping analysis of gene variants using qPCR was beyond the scope of this document.

The number ‘n’ described in each validation parameter of this document indicates the number of samples for which preanalytical steps (such as NA extraction) was performed, as is done for study samples. In addition, during the quantitative analyses of NA biomarkers or validation runs prior to study sample analyses, obtaining duplicate (or more) measurements for each sample can improve the accuracy of the measurement results and support the evaluation of variation in the measured values. Finally, the validation of qPCR/RT-qPCR methods does not typically require the evaluation of selectivity because samples containing DNA or RNA other than the analyte are usually analyzed.



NA reference standards & measurement controls

For the quantitative analysis of NA biomarkers using qPCR/RT-qPCR, it is advisable to use DNA (single- or double-stranded) or RNA containing PCR-amplified regions of the target NA molecule as the NA reference standard. For NA reference standards, chemically synthesized NAs with known copy numbers are generally recommended. Regarding the purification method for chemically synthesized NA reference standards, it is advisable to use an advanced purification method to ensure the reliability of the analytical method, considering the characteristics and intended use (context of use) of the biomarker. The desired purity of reference standards should be as high as possible to meet the context of use of the biomarker. When the analyte is RNA, RNA produced via in vitro transcription can be used as a NA reference standard. For standard NA substances, their stability in standard solutions should be considered.


Critical reagents

Reagents that directly affect the analytical results are designated in advance as critical reagents which are recommended to be PCR grade and nuclease free. The primers and probes used in PCR are defined as critical reagents, and purification using high-performance liquid chromatography or polyacrylamide gel electrophoresis is recommended. The desired purity of primers and probes should be as high as possible, and needs to be determined based on the context of use of the biomarker. The stability of these primers and probes should also be considered. It is not necessary to specify water as a critical reagent, but attention should be paid to the contamination of water with substances such as nucleases.



Points to note in analytical method development

If an analyte is DNA based, it is desirable to use single- or double-stranded DNA containing the target amplification region as the NA reference standard. However, when using single-stranded DNA as a NA reference standard in quantification of double-stranded DNA, it should be noted that the amplification reaction of single-stranded DNA does not occur in the first PCR cycle; therefore, to reflect the quantification cycle (Cq) difference of 1 unit, the data need to be corrected by subtracting 1 from the detected Cq values of each calibration standard in the construction of calibration curve. In addition, when using cyclic DNA as a NA reference standard, it is recommended to implement a linearization treatment as necessary to reduce the influence of the 3D structure of the NA molecule on PCR efficiency. Furthermore, it is necessary to consider the residual effect of the restriction enzymes used for linearization treatment and sample loss during purification.

When an analyte is RNA based, such as mRNA or miRNA, it is recommended to start analytical method development using RNA as a NA reference standard to reflect the influence of reverse transcription efficiency on the analysis. Because RNA is more easily degradable than DNA, it is advisable to analyze RNA stability and add a degradation inhibitor (e.g., an RNA-degrading enzyme inhibitor) as necessary when RNA is used as a NA reference standard. When quantifying RNA using DNA as a NA reference standard, it is important to demonstrate validity by evaluating the parallelism of the calibration curve using NA reference standards derived from multiple reverse-transcribed products in addition to evaluating the constant reverse transcription efficiency during analytical method development.

It is recommended that lot-to-lot differences in chemically synthesized or in vitro-transcribed NA reference standards be evaluated during the method development phase. In addition, it is advisable to evaluate the base lengths, concentrations and degrees of degradation of the reference standards in advance using methods such as electrophoresis or spectrophotometry.



Points to note in analytical method validation

To verify qPCR/RT-qPCR accuracy, it is necessary to prepare suitable and multiple concentrations of quality control (QC) samples (positive controls), an extraction blank (water or buffer to confirm contamination during the extraction procedure) and a nontemplate control (NTC) for each qPCR/RT-qPCR measurement run. A QC sample is a control sample used to confirm correct gene amplification during PCR; a solution containing a certain amount of a NA reference standard is used as the QC sample. In principle, QC samples and calibration standards are prepared separately and used during the period in which stability is confirmed. NTC is a sample used to evaluate nonspecific gene amplification and contamination of reaction solutions and samples. Ultrapure water and buffer solutions used for diluting NAs are generally used as the NTC.




Sensitivity (lower limit of quantification & limit of detection)

The sensitivity of qPCR/RT-qPCR is indicated by the lower limit of quantification (LLOQ) and limit of detection (LOD). The LLOQ is defined as the minimum concentration that satisfies the predetermined acceptance criteria for accuracy and precision. The LOD is generally defined as the minimum concentration at which 95% or more of the study samples are detected as positive in a given analytical method. Evaluation of the LLOQ is necessary when validating analytical methods for NA biomarkers used in drug application dossiers. LOD is not included in the quantification range and not used as a validation parameter in the quantification of NA biomarkers. Therefore, LOD is not a subject of validation in this document.


Points to note in analytical method development

The LLOQ can be provisionally determined by measuring various low-concentration samples with a Cq value of less than 40. The analytical results of the provisionally determined LLOQ should satisfy the predefined acceptance criteria of precision for the Cq value.



Assessments in analytical method validation

For analytical method validation, it is important to verify whether the accuracy and precision obtained from the measured values of QC samples with the same concentration as the LLOQ tentatively determined in the ‘Points to note inanalytical method development’ section (QC-LLOQ, n = 3 or more, evaluation via repeated analysis at least three times on different days is recommended) satisfy the predefined acceptance criteria.




Specificity

Specificity is defined as the ability to identify and detect target NA molecules among NA (DNA and RNA) molecules with similar sequences in the matrix, which can potentially affect the measurements. The specificity of qPCR/RT-qPCR depends on the base sequence of the primers and probes used, and the annealing conditions (temperature and duration).

To evaluate specificity, it is advisable to conduct an evaluation centered on in silico analyses during the method development stage. Validation tests should be conducted using synthetic NAs with sequences where there is a concern for nonspecific amplification. Nonspecific amplification can be confirmed using DNA sequencing, melting curve analysis, electrophoresis and restriction digestion. If nonspecific amplification exceeds the predetermined criteria, the primer and probe need to be redesigned, and PCR annealing conditions should be further optimized.


Points to note in analytical method development

Using in silico databases (e.g., BLAST [20] and Primer-BLAST [21]), primers and probes with a low possibility of gene amplification for sequences other than the analyte should be selected in animal species where NA biomarkers are present (human genome or transcriptome if the analytical target exists in humans). Particular attention should be paid to the similarity of the 3′ -end sequences. In addition, it is advisable to confirm the status of nonspecific amplification of sequences similar to the analyte using in silico analysis for the NA sequence of synthetic impurities that are approximately 1 base short of the 3′ -end of the selected primers. Furthermore, it is advisable to obtain multifaceted information with regard to gene amplification products from the designed primers and probes using methods such as DNA sequencing, melting curve analysis, electrophoresis and restriction enzyme treatments.



Assessments in analytical method validation

For NA sequences shown in the in silico analysis to have the possibility of nonspecific gene amplification, a confirmation test of the status of nonspecific gene amplification should be performed using ultrapure water or a NA dilution buffer containing the NA sequences along with the analyte at the LLOQ concentration. If nonspecific gene amplification is observed, it should be confirmed to be within the predefined acceptance criteria. In addition, if a similar sequence with the possibility of nonspecific amplification is not identified at the analytical method development stage, the validation of specificity may be simplified.




Calibration curve

A calibration curve is used to calculate the concentration (copy number per unit volume) of NA biomarkers in the study samples. Calibration range is defined as the range from the LLOQ to the upper limit of quantification (ULOQ); LOD is not within the calibration range. Calibration curves are constructed for each qPCR/RT-qPCR run to quantify NA biomarkers. It is recommended that the number of calibration standards and the number of samples per concentration be determined in advance in the protocol for each analytical method based on the context of use.

Calibration standards are prepared by adding a known concentration of a NA reference standard to the authentic biological matrix. However, when the endogenous concentration of the target NA molecule is high or when a rare matrix is used, a surrogate matrix can be used to construct a calibration curve.

For the matrix of QC samples, see the ‘Accuracy & precision’ section below.


Points to note in analytical method development

During the analytical method development stage, it is important to consider the fluctuation range of the target analyte and set the quantitative range of the calibration curve to ensure reliability of the analytical method. The quantitative range of the calibration curve can be tentatively determined as the concentration range where the accuracy of the back-calculated concentration of the calibration standards satisfies the predefined acceptance criteria.

The regression line of the calibration curve in qPCR/RT-qPCR is generally obtained using the least-squares method, with the logarithmic concentrations of the calibration standards on the x-axis and the Cq values obtained from the measurement on the y-axis; it is often represented by a linear function (Equation 1). PCR amplification efficiency is calculated using the slope of the regression line of the calibration curve (Equation 2).

(Equation 1) y = ax + b

where y is the Cq value obtained from the measurement, x is the logarithmic concentration of the calibration standard, a is the slope of the regression line, and b is the intercept of the regression line.

(Equation 2) PCR amplification efficiency (%) = 10−1a−1 × 100 

(when the common logarithm is used for calibration standards for the x — axis of the calibration curves) where a is the slope of the regression line determined in Equation 1.



Assessments in analytical method validation

It is recommended that at least three or more repeated measurements be performed on different days to evaluate the PCR amplification efficiency, linearity (R2 value of the regression line of the calibration curve), accuracy and precision of the back-calculated concentration of each calibration standard.

It is advisable that the average value of PCR amplification efficiency (Equation 2) obtained from the slope of the regression line of the calibration curve be 90–110% (slope between -3.1 and -3.6). It is advisable that the average R2 value of the calibration curve regression line not be less than 0.98. Furthermore, the average values of the accuracy and precision of the back-calculated concentration of each calibration standard must satisfy the predefined acceptance criteria. When calibration standards are prepared using a surrogate matrix, it is advisable to confirm that the PCR amplification efficiency of the calibration standards prepared using an authentic matrix is within the range of the aforementioned acceptance criteria.




Accuracy & precision

It is advisable to evaluate the accuracy of qPCR/RT-qPCR within (intra-assay) and between (inter-assay) analytical runs using QC samples of known concentrations. For the matrix used in preparing QC samples, it is recommended that either an authentic matrix or a surrogate matrix be selected according to the endogenous concentration of the NA biomarker (analyte). When preparing QC samples using authentic matrices, the endogenous concentrations of the analytes in the blank matrices should be evaluated.

Accuracy is calculated using Equations 3 or 4. The consistent use of the selected equation, considering the characteristics of the biomarker and the purpose of the evaluation, is advisable.

(Equation 3) Accuracy (%) =(concentration of the analyte in the sample - concentration of endogenous substance)concentration of spiked NA reference standard × 100

(Equation 4) Accuracy (%) =concentration of analyte in the sample(concentration of endogenous substance + concentration of spiked NA reference standard) × 100


Points to note in analytical method development

At the method development stage, it is recommended that the reproducibility of the method in the quantitative target range be confirmed using multiple concentrations of QC samples. For validation purposes, it is recommended that multiple points of the concentration of QC samples be set with the high-concentration QC (QC-H) at half the ULOQ, the medium-concentration QC (QC-M) near the middle of the calibration curve, and the low-concentration QC (QC-L) at twice the LLOQ.



Assessments in analytical method validation

Accuracy and precision can be evaluated using QC samples of known concentrations prepared from surrogate or authentic matrices. When evaluating precision, in addition to using QC samples of known concentrations, it is advisable to prepare two study samples (low- and high-concentration samples) with different concentrations and to perform an evaluation using repeated measurements of the samples. During validation, four different known concentrations of QC samples (QC-LLOQ, QC-L, QC-M and QC-H; n = 3 or more for each concentration) should be measured at least three times on different days in different analytical runs to evaluate intra- and inter-assay accuracy and precision. It is recommended that the intra- and inter-assay accuracy and precision meet predefined acceptance criteria. The number of repeated measurements (three or more) in different analytical runs should be predetermined based on the context of use of the target NA biomarker.




Matrix effect

When quantifying NA biomarkers (analytes) in biological samples using qPCR/RT-qPCR, it is important to consider the matrix effect caused by, for example, the presence of contaminating PCR inhibitors. Considering that the types and amounts of PCR inhibitors that can be the main cause of the matrix effect are different depending on the type of biological matrices being measured (e.g., tissues, blood or urine), evaluation of the matrix effect for each matrix being measured is important. The use of internal standard molecules may facilitate the evaluation of matrix effects.

Collagen, melanin and myoglobin are known as typical tissue-derived PCR inhibitors, while hemoglobin, hematin and immunoglobulin G have been reported to be blood-derived inhibitors [22,23]. Urea has been reported to inhibit PCR in urine samples [24]. In addition to components derived from biological samples, residues of anticoagulants used during blood sampling (such as ethylenediaminetetraacetic acid and heparin) and reagents added during NA extraction (including alcohols, phenols and surfactants) have also been reported to cause matrix effects [25]. Furthermore, there have been reports of PCR inhibitory effects due to contamination with antiviral drugs (e.g., acyclovir) that have NA-like structures [23,26]. At any stage during the development of the analytical method or validation, it is advisable to evaluate the residues and contamination of PCR inhibitors in the study samples.


Points to note in analytical method development

To establish a reliable analytical method, it is recommended that the matrix effect in the same matrix as the study samples be confirmed during the analytical method development stage. When preparing calibration standards and QC samples using surrogate matrices, it is advisable to confirm the presence of matrix effects using an authentic matrix. For example, the matrix effects in qPCR/RT-qPCR can be evaluated by comparing the measured NA concentration of:

Sample 1) a preprocessed authentic matrix spiked with a known amount of NA reference standard;

Sample 2) a preprocessed blank authentic matrix; and

Sample 3) NA dilution buffer spiked with the same amount of NA reference standard as sample 1.

In this evaluation, it is advisable to measure each sample at a frequency of n = 3 or more. In general, if there is no difference between the measured concentration of sample 1 and the sum of that of samples 2 and 3, then the matrix effect can be deemed negligible. However, if the measured concentration of sample 1 is less than or greater than the sum of samples 2 and 3, the matrix effect can be considered present. The slope of a calibration curve can also be used as an indicator of the matrix effect.

To counteract the matrix effect, diluting the study samples to mitigate the influence of PCR inhibitors, changing reagents used in the analysis method, using an internal standard (different from the target analytes) and modifying the NA extraction method may be considered.



Assessments in analytical method validation

It is recommended that the matrix effect be evaluated using 10 different blank matrices in which NA extraction has been performed, and the blank matrix extract and NA dilution buffer spiked with known amounts of NA reference standard. In such an evaluation, it is advisable that the matrix effect is not observed. Even if the matrix effect is confirmed for the study samples, if the accuracy calculated from the measured concentrations after data correction using an internal standard of NAs is within the acceptance criteria, it can be considered that the matrix effect does not influence the performance of the analytical method.




Parallelism

In the analysis of NA biomarkers using qPCR/RT-qPCR, it is generally recommended that parallelism be evaluated using study samples because sample dilution leads to a reduction in the effect of PCR inhibitors (see ‘Matrix effects’ section) present in biological samples. Although either surrogate matrices or authentic matrices can be used to dilute study samples, it should be noted that the evaluation content varies depending on the type of diluent used.

When a surrogate matrix is used as a diluent, it is possible to evaluate the effect of reduction in PCR inhibitors by sample dilution, as described in the evaluation of the matrix effect. When authentic matrices are used for sample dilution, the amount of matrix-derived PCR inhibitors in the study samples remains the same. However, the effect of coexisting PCR inhibitors on the measured values of the analyte at different concentrations can be evaluated. In addition, the differences between NA reference standards and endogenous NAs can also be evaluated.

In the evaluation of parallelism, samples with at least three levels of dilution are prepared using authentic or surrogate matrices of high concentrations; it should be confirmed that measured values corresponding to the dilution ratio are obtained.



Stability

Since NA biomarkers are susceptible to degradation by nucleases present in biological matrices, careful attention should be paid to the possibility of analyte degradation by degrading enzymes at the analytical method development stage. If analyte degradation is observed, the use of commercially available NA-stabilization reagents is recommended.

In the evaluation of stability in validation tests, it is essential to evaluate ‘Benchtop and Short term’, ‘Long term’ and ‘Freeze-thaw’ stability using QC samples prepared with authentic matrices. As the storage and dilution of preprocessed samples are assumed during the sample analysis, it is advisable to evaluate the processed sample stability of QC samples under the same conditions as the preprocessed study samples (including cases such as storing cDNA reverse transcribed from mRNA). In these evaluations, it is recommended that stability be confirmed using low-and high-concentration QC samples within the assumed concentration range of the study samples. The frequency of evaluation repetitions should be at least three. It is recommended that the number of freeze–thaw cycles be evaluated for the expected number of times in the study sample analysis. For short- and long-term stabilities, evaluation for periods longer than the expected storage period of the study samples is advisable.

For biomarker analysis, there may be limitations in sample availability at the time of validation tests. Therefore, stability should be evaluated to the extent possible using available samples. After the start of the study sample analysis, it is also possible to confirm stability based on the incurred sample stability approach using study samples. A sample spiked with a surrogate NA reference standard can be used to evaluate the stability in the validation of an analytical method before the study samples are available. However, in that case, it is important to confirm the stability at low and high concentrations within the target concentration range using incurred sample stability after the start of the study sample analysis.



Recovery rate

At the method development stage, it is advisable to confirm that the recovery rate of the NA extraction method for NA biomarker analysis is within a certain range based on the context of biomarker use. When the recovery rate varies due to the characteristics of the biological matrix used for analysis, it is advisable to use an internal standard and perform data correction based on the measured value.



Partial validation

The points to consider for partial validation in the previous white paper for biomarker assays using ligand-binding assays (LBAs) and chromatographic methods [5] are largely applicable to qPCR/RT-qPCR-based analytical methods.

If minor changes are made to the analytical method for which full validation has been performed, partial validation should be performed. The parameters evaluated via partial validation are set according to the degree of change in the analytical method and its nature.

Typical examples of partial validation include transferring analytical methods to other facilities, changing analytical instruments, changing quantitation ranges, changing the amount of sample matrices used for analysis, changing NA extraction methods and analytical conditions, changing sample storage conditions, using rare matrices additionally, and changing the number of critical reagents.

In principle, the predefined acceptance criteria for full validation are also used for partial validation.



Cross-validation

The points to consider for cross-validation in the previous white paper for biomarker assays using LBAs and chromatographic methods [5] are largely applicable to qPCR/RT-qPCR-based analytical methods.

For example, cross-validation is performed when samples from a single clinical trial are analyzed at multiple sites, when measured values are compared between analytical methods on different platforms [5], or when laboratories are moved between studies (not within a study). Cross-validation comparisons are performed after the full or partial validation of each analytical method. Cross-validation can be evaluated by comparing the mean accuracy of each concentration of the QC samples and by comparing differences in the measured concentrations of the study samples.

As a specific method of cross-validation, it is possible to evaluate the mean accuracy of the QC sample (low, middle and high concentrations) by repeating the analysis three or more times, considering intra- and interlaboratory reproducibility. Although the evaluation using study samples depends on the characteristics of the analyte and sample matrices, the number of samples can be at least 30 (if available) to span the study sample concentration. The evaluation using study samples are recommended, especially when the composition of sample matrices significantly vary due to the severity or condition of diseases, since performance of the analytical method cannot be fully evaluated only using QC samples in such cases. When selecting samples, it is advisable to consider the concentration distribution to the largest extent possible and include samples from many individuals. A single analytical run is considered acceptable when evaluating study samples.



Study sample analysis

The points considered in the study sample analysis in the previous white paper for biomarker assays using LBAs and chromatographic methods [5] are largely applicable to qPCR/RT-qPCR-based analytical methods.

The study samples are specimens subjected to bioanalysis in which a validated analytical method should be used. During study sample analysis, the study samples should be handled under conditions where stability is validated. These samples should be analyzed with calibration standards and QC samples within the validated stability period.

Unless otherwise specified, the following parameters (see ‘Calibration curve’, ‘QC samples’ and ‘Incurred sample reanalysis’ sections) and their acceptance criteria are determined based on the intended use and characteristics of the biomarker before the start of the analysis and are described in the study plan. Depending on the results of the validation, it may be necessary to perform confirmatory runs for the analytical method using subject samples before the study sample analysis.

If a target analyte is RNA based, it is recommended that the quality of the RNA in the study samples be evaluated using methods, such as electrophoresis or spectrophotometry.


Calibration curve

A calibration curve is used to calculate analyte concentrations in study samples. It is recommended that calibration curves used for study sample analysis be constructed for each analytical run using a validated method.

The validity of the analytical method for sample analysis is evaluated using the accuracy of each concentration of the calibration standard obtained from the regression formula. In the analysis of the study samples, if the LLOQ or ULOQ of the calibration standards does not meet the predefined acceptance criteria, the higher calibration standards just above the LLOQ or the lower calibration standards just below the ULOQ are used as the LLOQ or ULOQ.



QC samples

QC samples are analyzed to evaluate the validity of the analytical methods used in the analysis of the calibration curves and study samples. It is recommended that QC samples be evaluated in each analytical run. In principle, it is recommended that three concentrations (low, medium and high) of QC samples be prepared using authentic matrices, authentic matrices diluted with surrogate matrices or surrogate matrices spiked with NA reference standards, as with the validation tests, and analyzed in each analytical run. It is also advisable to simultaneously analyze an NTC sample and extraction blank. Use of QC samples consisting of authentic matrices is considered wherever possible.

When only QC samples prepared with surrogate matrices spiked with NA reference standards are used, it is advisable to perform additional analysis of QC samples using authentic matrices (not included in the acceptance criteria) because useful information specific to the true analyte/matrix may be obtained when comparing the results of analytical runs and studies. The validity of the sample analysis method is assessed by evaluating the accuracy of the QC samples using the same predetermined acceptance criteria used for the evaluation of accuracy in the assay validation.



Incurred sample reanalysis

Based on the context of use and positioning as a clinical end point, it is recommended that incurred sample reanalysis (ISR) be performed in different matrices on samples from representative clinical trials, such as when the biomarker is used for important evaluations to characterize a drug (e.g., as end points in the later stages of a clinical trial).

ISR should be conducted within a period of guaranteed stability. It is recommended that 10% of study samples (when n < 1000) be reanalyzed during ISR. When sample counts exceed 1000, it is recommended to additionally perform ISR on approximately 5% of the sample count after the first 1000. The sample concentration range is selected based on the concentration range of the biomarkers in the study samples. The validity of the analytical method is evaluated by assessing the accuracy of the study samples.




Points to note


NA adsorption

When the endogenous concentration of the target analyte is low, the effect of adsorption of the analyte onto the laboratory equipment may be significant. If necessary, laboratory equipment with low NA adsorption specifications should be used. Alternatively, it is possible to utilize carrier NAs to prevent adsorption while maintaining the desired analytical performance.



Commercial kits

The points to consider for commercial kits in the previous white paper for biomarker assays using LBAs and chromatographic methods [5] are largely applicable to qPCR/RT-qPCR-based analytical methods.

Commercial kits can be used to analyze NA biomarkers. These kits include those approved for manufacturing and sale as in vitro diagnostic reagents, medical devices for clinical testing and research kits. When using commercially available kits, validation in each testing facility needs to be conducted for each target biomarker.

The validation parameters and contents of clinical test kits can be determined on a case-by-case basis according to the intended use and characteristics of the biomarker.

For research-use-only kits, full validation is performed without relying on the validation information included in the kit. Before deciding to use the kits, it is advisable to sufficiently evaluate whether the kit is suitable for the intended use and the characteristics of the biomarker (e.g., including the calibration curve range and specificity). It is possible to refer to information about the expiration date of the kit as confirmed by the manufacturer. In addition, the suitability of the NA reference standards included in the research kits should be considered. When switching to a different lot (or batch) of the kit, it is recommended to verify whether the difference in the measured concentration of the target analyte in the same sample between the lots is acceptable. Additionally, it is important to have contingency plans in place as kits for research use may become unavailable.



Reanalysis

The points to consider for reanalysis in the previous white paper on biomarker assays using LBAs and chromatographic methods [5] can be largely applied to qPCR/RT-qPCR-based analytical methods.

Before commencing the analysis of study samples, it is important to specify the reasons for performing the reanalysis of study samples, the number of reanalyses to be performed and the selection criteria for the measured values to be reported.

The reasons for reanalyses of study samples include, but are not limited to, the following:


	Calibration standards or QC samples do not meet the predefined acceptance criteria;

	The measured concentration exceeds ULOQ;

	The measured concentration was lower than the changed LLOQ in the analytical run, whereas the LLOQ after the change was higher than that in the other analytical runs because of the rejection of the lowest calibration standard for the calibration curve;

	Malfunction of the analytical instrument;

	The concentration of the study sample measured by dilution is lower than the LLOQ;

	Amplification cannot be conducted for study samples due to the matrix effect.



It is important to keep records of the following information for reanalyzed samples: the name of the sample, the reason for the reanalysis, the finally adopted measured value and the basis for its adoption, including any relevant information used in the decision-making process.

If the initial analysis does not produce reportable results (e.g., concentrations above the ULOQ or instrument failure), one reanalysis is sufficient. If measured values must be confirmed, multiple iterations of analysis are recommended if a sufficient sample volume is available.

It is important to note that in clinical trials, the safety of the participants takes precedence. Therefore, a reanalysis of a particular study sample may be necessary for investigative purposes to ensure the safety of the subject.




Conclusion

In this paper, the authors have discussed and summarized the points to consider for the method development and validation of qPCR- and RT-qPCR-based analytical methods for NA biomarkers as drug development tools. This paper is expected to be a valuable resource for promoting the development and ensuring the reliability of NA biomarker assays included in the application dossier for drug approval. The authors also hope that this white paper will stimulate further dialogue among industry professionals and regulatory authorities, leading to the establishment of guidelines and the achievement of international harmonization in this field.



Summary points


	Nucleic acid (NA) biomarkers, such as microRNAs, have come to play critical roles in drug development.

	The appropriate validation of analytical methods for NA biomarkers is crucial to ensure their clinical and post-marketing usage in drug efficacy and safety evaluations.

	However, the global regulatory guidelines for assessing quantitative analytical methods specific to NA biomarkers have not yet been issued.

	Quantitative polymerase chain reaction (qPCR) and reverse-transcription qPCR (RT-qPCR) methods are considered as the gold standards for the quantification of NA biomarkers, such as DNA and RNA, respectively.

	The Biomarker Analytical Method Validation Study Group in Japan has discussed points to consider and made recommendations for the development and validation of qPCR/RT-qPCR-based analytical methods for endogenous NA biomarkers.

	The discussed validation parameters include sensitivity, specificity, calibration curve, accuracy, precision, matrix effect, parallelism, stability and recovery rate.

	In addition to these parameters, the recommendations for study sample analysis using qPCR or RT-qPCR were also summarized.

	This white paper aims to contribute to the global harmonization of NA biomarker assay validation.
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