
Review
Insights into post-marketing clinical
validation of companion diagnostics with
reference to the FDA, EMA, PMDA, and MFDS
Su Lim Kang,1 Ji Yean Kwon,1,2 and Sung Min Kim1,2

1Department ofMedical Device andHealthcare, Dongguk University-Seoul (04620) 26, Pil-dong 3-ga, Jung-gu, Seoul, Republic of Korea; 2Department of Regulatory Science

for Bio-health Medical Device, Dongguk University-Seoul (04620) 26, Pil-dong 3-ga, Jung-gu, Seoul, Republic of Korea
Companion diagnostics are increasing clinical demand glob-
ally, regulatory frameworks for clinical validation are strength-
ening. Post-marketing verification is an important aspect of
providing high-quality, personalized treatment to patients
because it can ensure long-term safety and effectiveness, while
also generating effective risk management and performance ev-
idence. Certain compliance issues related to the requirements
for post-marketing clinical trials can potentially impact manu-
facturers, so it is essential to have a clear understanding of the
regulatory process. In this study, we perform an institutional
comparison as well as a case analysis by country (U.S. Food &
Drug Administration, European Medicines Agency, Pharma-
ceuticals and Medical Devices Agency, and Ministry of Food
and Drug Safety) on the post-marketing safety and effective-
ness of companion diagnostics. We collected guidelines and
guidance documents published by each regulatory agency and
Post-marketing research case analysis examined the data collec-
tion items as well as the materials or templates required to be
submitted. The results indicate that there are institutional dif-
ferences in the post-marketing surveillance activities carried
out by different regulatory authorities, and the data required
may vary accordingly. The findings of this study are expected
to provide new insights that can support manufacturers and de-
velopers of companion diagnostics in securing evidence
regarding post-marketing safety and effectiveness.
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INTRODUCTION
The goal of modern medicine is to improve the quality of life of pa-
tients by treating and preventing diseases as effectively as possible
through rapid and accurate diagnosis as well as loweringmanagement
costs, and it is changing to more targeted treatment and personalized
treatment. Companion diagnostics (CDx) means a device that is
essential for the safe and effective use of a corresponding medicinal
product according to EU IVDR, and CDx select patients with a pos-
itive benefit-risk profile.1,2 CDx have become essential for targeted
treatment following the paradigm shift in precision medicine, as
shown in Table 1, and there is increasing clinical demand for CDx.

Recent years have seen strengthened regulations and guidelines for
CDx, beginning with those announced by the U.S. Food & Drug
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Administration (FDA) in 2014, which was followed by the In Vitro
Diagnostic Regulation (IVDR) in Europe.3 In particular, the imple-
mentation of the IVDR has established strict requirements for thor-
ough review by the notified body along with technical documentation
and clinical evidence, and a significant level of clinical evidence is
required not only in pre-marketing clinical trials but also in post-mar-
keting.4 Previous studies have shown that both the FDA and the Eu-
ropean Medicines Agency (EMA) have requested post-marketing
clinical trials in cases where there is missing or insufficient informa-
tion on biomarker-negative patients.5,6 The Pharmaceuticals and
Medical Devices Agency (PMDA) in Japan and the Ministry of
Food and Drug Safety (MFDS) in Korea have also been requesting ev-
idence for post-marketing performance data through post-marketing
surveillance (PMS_ activities in recent years.

Post-marketing management of CDx is important because it can be
difficult to maintain consistent device performance due to the com-
plex development process involved.7 This post-marketing validation
is important for providing quality, personalized care to patients
because it can track long-term safety and efficacy, while also gener-
ating effective risk management and performance evidence.8 In
particular, it is essential to have a clear understanding of the regula-
tory process, because compliance issues related to these requirements
for post-marketing clinical trials can have potentially serious conse-
quences for manufacturers.9 One previous study notes that, although
it is important to discuss relevant issues involved in the evaluation of
laboratory-based CDx, it is also important to demonstrate the ability
to ensure consistent safety and post-marketing efficacy after
approval.10 Likewise, there have been various studies describing the
overall system for the post-marketing clinical regulation of
CDx.4,8,11,12 However, there has been no study focusing on this area
as an independent topic that derived implications through the insti-
tutional analysis and application of case analysis using procedures
to ensure post-marketing safety and effectiveness of CDx.
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Table 1. Application of CDx for targeted therapy

Product Name Manufacturer Disease Diagnosis principle Therapeutic products

Abbott RealTime IDH1 Abbott Molecular, Inc. acute myeloid leukemia PCR Tibsovo (ivosidenib)

OncoGuide NCC Oncopanel System Sysmex solid tumor NGS Lytgobi (Futibainib)

PD-L1 IHC 22C3 pharmDx, GE006 Agilent Technologies non-small cell lung cancer IHC Keytruda (Pembrolizumab)

PDGFRB FISH Assay ARUP Laboratories, Inc.
myelodysplastic syndrome/
myeloproliferative disease

FISH Gleevec (imatinib mesylate)
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In this study, institutional comparison and case analysis were per-
formed by country (FDA, EMA, PMDA, and MFDS) to collect legal
requirements on the post-marketing safety and effectiveness of CDx.

DATA EXTRACTION
Regulatory framework by regulatory authorities

To investigate and analyze the specific clinical regulatory require-
ments set by each regulatory agency, we collected the guidelines
and guidance documents published by each regulatory agency:
FDA, Procedures for Handling Post-Approval Studies (PASs)
Imposed by Premarket Approval Application Order; EMA, Regula-
tion (EU) 2017/746 of the European parliament and of the council
of 5 April 2017 on in vitro diagnostic medical devices and repealing
directive 98/79/EC and commission decision 2010/227/EU; Cham-
bers and partners. Healthcare: Medical Devices 2023; MFDS, 2021
medical device re-evaluation explanatory material. We extracted the
systems for activities performed to ensure post-marketing safety
and effectiveness, after which we conducted a comparative analysis
of the different systems maintained by different regulatory author-
ities. The comparative analysis largely consisted of analyzing the pur-
pose of the system, data requirements, and collection methods.

Case study

To investigate and analyze post-marketing research cases, we first
investigated data collection items. If a relevant research database
was available, research data were extracted. In terms of the transpar-
ency of information disclosure, information that could not be found
in the database was sourced from papers conducted in the relevant
country or recommended materials (including clinical trial informa-
tion and reporting templates) from a working group composed of
various stakeholders. We also examined the data and forms that
must be submitted in addition to post-marketing studies, and—where
possible—applied the collected data to the templates and presented
them as the basis for regulatory requirements. During the data extrac-
tion process, the scope of post-marketing clinical trials was extracted
from activities to ensure the post-marketing safety, efficacy, or perfor-
mance of the device, and other content was excluded.

Regulatory framework

United States (FDA)

The United States has established the legal authority for PASs, a post-
marketing study, under Title 21 part 822 of the Code of Federal Reg-
ulations (CFR) and section 522 of the Food, Drug, and Cosmetics
Act.11 PASs are generally intended to collect specific data to address
2 Molecular Therapy: Methods & Clinical Development Vol. 32 Decemb
questions about the post-marketing performance or experience of
an approved medical device, and its primary purpose is to evaluate
the safety and effectiveness of the device. PASs may be required as
a condition of approval by a PMA under 21 CFR 814.82(a)(2) to
demonstrate reasonable and continuous performance of the safety
and effectiveness of an approved device. Specifically, the FDA deems
it acceptable to collect certain data (study design, objectives, popula-
tion, and endpoints to be collected, the length of follow-up and fre-
quency of assessments, and procedures for a determination of adverse
events) in a post-market setting rather than a premarket setting in
certain circumstances when there is uncertainty about the specific
benefits or risks of the device. Two reports (an intermediate report
and a final report) must be submitted after conducting the study
(Table S1).13

Europe (EMA)

Manufacturers must establish a post-market surveillance (PMS) sys-
tem for each device, which must be an integral part of the quality
management system, based on Article 78 of the EU-IVDR. The pro-
cess for verifying the overall post-marketing safety and performance
of the IVD is shown in Figure S1. Therefore, a PMS appropriate for
the device type must be planned, established, documented, imple-
mented, maintained, and updated in proportion to the risk level
(Table S2).14 CDx are classified as Class C based on the risk level of
in vitro diagnostic medical devices, and requires PMS, post-market
performance follow-up (PMPF), and periodic safety update reporting
(PSUR). Also, manufacturers shall make PSURs available to the noti-
fied body involved in the conformity assessment and, upon request, to
competent authorities. PMS is an activity wherein information related
to product quality, usability, safety, and performance is collected,
analyzed, managed, and reported for the purpose of identifying
corrective or preventive actions in the post-marketing phase life cycle
of the device. The PSUR should summarize the results and conclu-
sions of the analysis of PMS data collected as a result of the PMS
plan referred to in Article 79 of the IVDR, together with the rationale
and explanation for the preventive and corrective actions taken. In
particular, it should state the following over the life cycle of the device:
the conclusions of the benefit-risk determination, the main results of
the PMPF, and estimates of the number of sales of the device and the
size and other characteristics of the population using the device, and,
where feasible, the frequency of use of the device. The PMPF aims to
ensure safety, performance, and scientific validity over the expected
life of the device, ensure the acceptability of the benefit-risk ratio,
detect new risks based on factual evidence, and detect various risks
er 2024
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Table 2. Types of CDx-related post-marketing systems by regulatory authorities

United States EU Japan Korea

Regulatory authorities FDA EMA PMDA MFDS

Regulation CFR Title 21 part 814.82 IVDR
Act on Pharmaceuticals
and Medical Devices

In Vitro Diagnostic
Medical Devices Act

Systems related to
post-marketing clinical trials

PAS
PMS
PMPF (+PSUR)

PMS
re-evaluation

re-evaluation
renewal

Database PAS database
EUDAMED
(European database
for medical devices)

PMDA database
medical device integrated
information system
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through a set plan (Figure S2). For Class C, the PSUR must be pre-
pared periodically and be included in the technical documentation,
and it must be updated periodically according to the risk-based clas-
sification of the device.15

Japan (PMDA)

Japan’s (PMDA) PMS is conducted in accordance with Ordinance
No. 38 (“Good Post-marketing Study Practice,” 2005) of its Ministry
of Health, Labor and Welfare (MHLW), and is designed to monitor
the quality, effectiveness, and safety of medical devices, either for
manufacturers and distributors of medical devices or those who
have received permission for imported medical devices. It is defined
as an investigation or test conducted for the purpose of collecting, de-
tecting, confirming, or verifying information, and it is performed us-
ing the procedures shown in Figure S3. There are three methods for
capturing PMS activities (use history investigation, post-marketing
database research, and post-marketing clinical trials). The re-evalua-
tion system involves conducting PMS for certain medical products to
collect information on the efficacy and safety of the product obtained
in an actual clinical environment, it evaluates the results of use of
MHLW-designated devices in Japan based on investigation reports
submitted by suppliers.16

Korea (MFDS)

Korea’s (MFDS) re-evaluation system is implemented for medical de-
vices that are recognized as requiring re-examination in terms of their
safety and effectiveness at the latest scientific level among all medical
devices that have been approved, certified, or notified based on the
MFDS Notice No. 2024-6 (“Regulations on Re-evaluation of Medical
Device”). The subject of the re-examination is a medical device that
has been approved, certified, or notified pursuant to Article 2 of the
MFDS Notice No. 2024-6, and for which the Commissioner of the
MFDS determines that a re-examination of safety and efficacy is
necessary due to problems that have occurred or are likely to occur
due to post-marketing information. It comprehensively evaluates
safety and effectiveness by considering the risks and benefits of using
the medical device (Figure S4). The data that must be submitted in
this process include application forms, adverse event analysis reports,
and safety information. In particular, safety information is an activity
that collects new data or information related to the safety and effec-
tiveness of approved devices.17 Table S3 lists the types of reports
Molecular T
that should be submitted. The renewal system refers to a renewal
every 5 years to facilitate efficient management that involves period-
ically reviewing safety and effectiveness as well as organizing products
that are not manufactured (imported) after receiving permission, cer-
tification, or notification based on the MFDS Notice No. 2023-68
(“Regulations on renewal of medical device manufacturing license”).
This is done 180 days before the expiration of the validity period to
continue manufacturing and importing it even after the validity
period expires, during which time the submitted data is reviewed,
and the validity period of the permission (certification/notification)
is renewed by issuing a new permit (certificate). Table S4 lists the
types of reports that should be submitted.

Institutional comparison

In the United States, Japan, and Korea, PMS activities are conducted
for products where regulatory authorities recognize the need after the
launch of a CDx, but in Europe, PMS activities must be conducted for
all CDx (Table 2).

There are differences in the systems for ensuring the post-marketing
safety and effectiveness of CDx by regulatory authorities. The FDA
assesses safety and effectiveness by collecting the post-marketing per-
formance of devices approved through PAS, and it requires data to be
collected in the post-marketing environment rather than pre-market-
ing when there is uncertainty about specific benefits or risks. In
particular, in the case of CDx, after marketing, it is necessary to
include patient results with negative biomarkers, and interim and
final reports must be submitted. EMA contains PMPF or PSUR activ-
ities within one system called the PMS. The PMS collects safety and
performance-related information in the post-marketing stage, and a
PMPF plan must be established. In particular, an analysis to ensure
the acceptability of the benefit-risk ratio should be included. PMDA
encourages the collection of actual clinical data by verifying the qual-
ity, safety, and effectiveness of devices through PMS activities. Re-
evaluation is conducted on devices designated by MHLW, and it is
also recommended that data collected from actual clinical practice,
such as patient drug response, be used. MFDS requests data that
meet the latest scientific standards for devices that have been deemed
to require re-examination. The recently introduced renewal system is
for the periodic review and management of safety and effectiveness
every 5 years, and safety and efficacy verification data and action
herapy: Methods & Clinical Development Vol. 32 December 2024 3
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Table 3. Details of post-marketing systems by regulatory authorities

FDA PAS

Purpose
Collect specific data to address questions about post-marketing performance or experience with a device and to
assess the safety and effectiveness of the device

Data Study design, objectives, population and evaluation variables, follow-up period, and evaluation frequency

Method
Submission of an interim report (registration status report, PAS progress report recommended) and a final
report (completeness, compliance with protocol methodology, description of performance and safety/efficacy
evaluation results)

EMA

PMS

Purpose
Collect, analyze, manage, and report information related to quality, usability, safety, and performance for the
purpose of identifying corrective and preventive actions during the post-marketing phase of the device life cycle

Data
Information on serious incidents, data on non-serious or undesirable side effects, follow-up information,
relevant experts and literature, information provided by users/distributors/importers, and public information
on similar devices

Method PMS plan is required to be written in technical document

PMPF

Purpose
Ensure safety, performance, and scientific validity over the expected life of the device, ensure acceptability of the
benefit-risk ratio, and detect new risks based on factual evidence

Data

Specific methods and procedures of the PMPF to be applied, such as post-marketing clinical performance
studies, rationale for the appropriateness of the methods and procedures, risk management, specific objectives to
be addressed by the PMPF, evaluation of performance data related to equivalent or similar devices and state-of-
the-art technology, relevant CS and standards/guidelines, and study schedule

Method

Verify the safety and performance of the device over its expected life cycle, Identify previously unknown risks or
performance limitations and contraindications, Identify and analyze emergent risks based on factual evidence,
Ensure continued acceptability of clinical evidence and benefit-risk ratios, Identify potential misuse of the
devices

PMDA

PMS

Purpose
Manufacturers and distributors of devices or those who have received permission for imported medical devices.
Collect, detect, confirm, and verify information on the quality, effectiveness, and safety of devices

Data
Purpose, outline description of the medical information database used in the survey, number of subjects, scope
of subjects, survey method, survey period, survey items, and analysis items and methods

Method Preparation of operating procedure manual for PMS

Re-evaluation

Purpose For certain medical products, verification of product efficacy and safety obtained in real clinical settings

Data Gather information on the efficacy and safety of products obtained in real-world clinical settings

Method
Evaluation of results of use of devices designated by the MHLW in Japan based on investigation reports
submitted by companies

MFDS

Re-evaluation

Purpose
Verification of safety and effectiveness at the latest scientific level for devices recognized as requiring
reexamination among approved devices

Data
Clinical performance according to product characteristics when it is difficult to measure clinical sensitivity,
clinical specificity, and clinical sensitivity/clinical specificity

Method
Submission of re-evaluation application, clinical performance test data, technical document review data, and
supporting data

Renewal

Purpose
Once approved, certified, or notified, it is updated every five years for efficient management by periodically
reviewing safety and effectiveness and organizing products that are not manufactured (imported)

Data
Original permit (certificate), safety and effectiveness maintenance verification data (review data for reflection of
latest standards, performance and safety confirmation data), production (import) performance data, and safety
information and action data

Method
If you wish to continue manufacturing or importing even after the expiration date, apply 180 days before the
expiration date, review the submitted data, and renew the validity period of the permit (certification/report) by
issuing a new permit (certificate)

www.moleculartherapy.org
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data must be submitted 180 days before expiration. The comparison
table is presented in Table 3.

Case study

United States (FDA)

The recommended elements that should be written in the protocol of
a PAS study are as listed in Table S5: background, purpose, objectives,
study design, study population, enrollment and recruitment plan, sta-
4 Molecular Therapy: Methods & Clinical Development Vol. 32 Decemb
tistically sound sample size, and primary/secondary endpoints
(including side effects and complications), procedures used to deter-
mine side effects and complications, follow-up period, description of
follow-up assessments, description of data collection procedures, data
analysis and statistical plan, interim data release plan, data collection
forms, informed consent, institutional review board approval docu-
mentation, and timeline (Table S6). Table S7 shows one example of
a study collected from the FDA’s PAS database. The PAS case used
er 2024
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the MK-3475 MSI-H FMI F1CDx Post Approval Analysis study, and
observed the extended objective response rate for 26 weeks in a total
of 41 subjects.

Europe (EMA)

Data that should be included in the PMS include information on
serious incidents (PSUR); data on non-serious or undesirable side ef-
fects; follow-up information; relevant experts or literature consulted;
information provided by users, distributors, and importers; and infor-
mation about similar devices (customer complaints and warranty
claims, user feedback, social media and gray literature information
searches, regulatory agency databases, maintenance or service reports,
self-feedback reports, and failure analysis). The PMPF example in
Table S8 presents data extracted from FoundationOne CDx Technical
information. Since the PMPF case could not confirm the specific de-
tails, an example was created using clinical trial information. The data
in the PSUR should include the conclusion of the risk benefit analysis,
key findings, and device sales, scale, and frequency of use. The tem-
plate of a PSUR is presented in Table S9.

Japan (PMDA)

There are three types of survey methods for PMS activities (usage per-
formance survey, post-marketing database survey, and post-market-
ing clinical trial), but in general, it is necessary to include the purpose
of the survey, number of subjects, scope of subjects, survey method,
survey period, survey items, analysis items, methods, and any other
pertinent information. As PMDA’s PMS case could not be confirmed
with publicly available information, the PMS plan of other in vitro
diagnostic devices was analyzed, and Table S10 was prepared by refer-
ring to the template recommended by PMDA. The PMS case was clin-
ical validation of F1CDx as a companion diagnosis to identify patients
with recurrent or metastatic adenoid cystic carcinoma for treatment
with immunosuppressants. The contents were prepared while refer-
ring to clinical trials conducted in Japan.18

Korea (MFDS)

Among the data that must be submitted during re-evaluation, the
relevant safety information consists of four types of data, and it can
be demonstrated using templates. The case for re-evaluation was
created as an example in a published pamphlet using actual recall
data or papers.19–23 Information on domestic and foreign academic
papers comprises newly confirmed facts published in papers
(Table S11), clinical trial data information comprises facts that have
been newly confirmed through clinical trial data, and are prepared
by referring to the approved clinical trial protocol (Table S12). Infor-
mation on product manuals from foreign manufacturers refers to the
renewal of precautions for use and how to use in the manual
(Table S13), and for information announced by domestic and foreign
government agencies, newly confirmed facts are recorded in precau-
tions for use and how to use after determining which type of informa-
tion the collected information is (Table S14).

For renewal in vitro diagnostic reagents (including CDx), data on
storage method, period of use or expiration date, data on analytical
Molecular T
performance tests, data on quality control tests, reference materials,
and sample storage must be submitted. Table S15 presents the data
that must be submitted for in vitro diagnostic reagents.

CONCLUSION
Precision medicine is gradually expanding, accelerating improved
sensitivity and accurate treatment targeting through the analysis of
personal health information throughmolecular diagnosis.24 In partic-
ular, as it became known that a patient’s prognosis can vary depend-
ing on the presence or absence of genetic mutations, CDx emerged
along with the concept of targeted treatment that has a therapeutic ef-
fect only on specific patients.2 For CDx, deriving reliable accuracy and
precision of diagnostic results based on high-quality sensitivity and
specificity is of utmost importance in making treatment decisions.25

CDx has experienced technological, medical innovation, and regula-
tory changes over the past decade.26 As regulatory requirements have
strengthened, many new guidelines have been reviewed by
country.4,5,27,28

A properly set up post-marketing strategy can get a product to market
quickly and seamlessly, leading to early adoption of the product and
increased uptake by doctors and patients. Post-marketing validation
is critical to providing high-quality, personalized care to patients
because it can generate effective risk management and performance
evidence while tracking long-term safety and efficacy.8 In particular,
post-marketing management of CDx is important because complex
development processes can make it difficult to maintain consistent
device performance.7 Compliance-related issues can have serious
consequences for manufacturers because they must have the ability
to generate customized, post-market real-world data in a timely
manner that meets regulatory requirements and expectations.8,9

Therefore, a deeper understanding of the complex and rapidly chang-
ing regulatory framework is needed.29 This study has performed a
cross-agency comparison and case analysis by country (FDA, EMA,
PMDA, and MFDS) with the aim of securing clinical evidence
regarding the post-marketing safety and effectiveness of CDx.

There are no specific requirements for PMS for CDx, as PMS activities
are conducted by risk class in all four countries. Therefore, general
IVD requirements should be followed. PMS activities require data
to ensure safety and effectiveness during the expected life cycle or
post-marketing of the device and are conducted with the common
goal of investigating previously unidentified risks or experiences.
However, it has been confirmed that there are institutional differences
in PMS activities determined by each regulatory authority, and the
data or data required may vary accordingly. The FDA requires the
collection of post-marketing data in certain situations where there
is uncertainty about the specific benefits or risks of a device. The
EMA requires that the safety and performance of devices be verified
throughout their life cycle, or that previously unidentified risks be
identified and analyzed. PMDA is required to collect information
on the quality, effectiveness, and safety of the device through three
types of investigations and prepare operating procedure manuals
and plans accordingly, requiring as much actual clinical field data
herapy: Methods & Clinical Development Vol. 32 December 2024 5
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as possible. The MFDS requires that the safety and effectiveness of
certain licensed devices be evaluated to ensure they meet current sci-
entific standards and that their performance be updated. The data or
evaluation items required may also vary depending on these regulato-
ry systems.

Identifying country-specific regulatory requirements and conducting
case studies has the potential to provide evidence to support effective
practical application. These studies are expected to help CDx manu-
facturers and developers secure evidence on post-marketing safety
and effectiveness, and to be useful as evidence to help establish sys-
tematic regulatory strategies and implement efficient practices. How-
ever, data on the EU’s post-marketing analysis cannot be used because
the database EUDAMED is still not fully functioning and cannot be
found in the database due to transparency issues with information
disclosure.30 Therefore, it is judged that there will be a need to supple-
ment the current research through case studies using actual data in
the future. In particular, new study designs and data considerations
may need to be applied according to regulators and other stakeholder.
Research to generate real-world data, such as post-marketing clinical
trials, is a valuable activity because it can optimize the quantity and
quality of samples, enroll diverse patients, and supplement clinical ev-
idence that was lacking during the initial introduction of the
product.31

In the United States, EU, Japan, Korea, and other countries where
CDx regulations have been implemented, they are considered an
important progress point in ensuring patient safety and improving
treatment.26 As such, the strengthening of regulatory requirements
will lead to institutional differences across countries. Therefore, it is
expected that we will see many efforts to realize international harmo-
nization of regulatory systems in the future. In particular, the Interna-
tional Medical Device Regulatory Forum has developed harmonized
guidelines to support the establishment of a successful global regula-
tory strategy for CDx32,33 and is expected to develop into a more
internationally harmonized regulatory environment in the future.
ACKNOWLEDGMENTS
This research was supported by a grant RS-2024-00331775 from theMinistry of Food and
Drug Safety in 2024.
AUTHOR CONTRIBUTIONS
Conceptualization, investigation: S.L.K.; Data collection, extraction & analysis: S.L.K. and
J.Y.K.; Writing – original draft, review & editing: S.L.K. and J.Y.K.; Visualization: J.Y.K.;
Supervision, project administration, S.M.K.
DECLARATION OF INTERESTS
The authors declare that they have no known competing financial interests or personal
relationships that could have appeared to influence the work reported in this paper.
SUPPLEMENTAL INFORMATION
Supplemental information can be found online at https://doi.org/10.1016/j.omtm.2024.
101346.
6 Molecular Therapy: Methods & Clinical Development Vol. 32 Decemb
REFERENCES
1. EUROPEANMEDICINES AGENCY (2022). Guidance on the procedural aspects for

the consultation to the EuropeanMedicines Agency by a notified body on companion
diagnostics.

2. Jørgensen, J.T., and Hersom, M. (2016). Companion diagnostics-a tool to improve
pharmacotherapy. Ann. Transl. Med. 4, 1–10.

3. Keeling, P., Clark, J., and Finucane, S. (2020). Challenges in the clinical implementa-
tion of precision medicine companion diagnostics. Expert Rev. Mol. Diagn. 20,
593–599.

4. Ritzhaupt, A., Hayes, I., and Ehmann, F. (2020). Implementing the EU in vitro diag-
nostic regulation – a European regulatory perspective on companion diagnostics.
Expert Rev. Mol. Diagn. 20, 565–567.

5. Mansfield, E.A. (2014). FDA perspective on companion diagnostics: an evolving
paradigm. Clin. Cancer Res. 20, 1453–1457.

6. Pignatti, F., Ehmann, F., Hemmings, R., Jonsson, B., Nuebling, M., Papaluca-Amati,
M., Posch, M., and Rasi, G. (2014). Cancer drug development and the evolving reg-
ulatory framework for companion diagnostics in the European union. Clin. Cancer
Res. 20, 1458–1468.

7. Groves, E. (2015). From Biomarkers to Diagnostics: The Road to Success. https://
www.slideshare.net/pscad123/from-biomarkers-to-diagnostics-the-road-to-success.

8. Akhmetov, I., Ramaswamy, R., Akhmetov, I., and Thimmaraju, P.K. (2015). Market
Access Advancements and Challenges in “Drug-Companion Diagnostic Test” Co-
Development in Europe. J. Pers. Med. 5, 213–228.

9. Jørgensen, J.T. (2022). Missing Companion Diagnostic for US Food and Drug
Administration–Approved Hematological and Oncological Drugs. JCO Precis.
Oncol. 6, e2200100.

10. Craig, A. (2017). Personalised medicine with companion diagnostics: the intercept of
medicines and medical devices in the regulatory landscape. Eng. Manag. J. 1, 47–53.

11. Valla, V., Alzabin, S., Koukoura, A., Lewis, A., Nielsen, A.A., and Vassiliadis, E.
(2021). Companion Diagnostics: State of the Art and New Regulations. Biomark.
Insights 16, 11772719211047763.

12. Wise, J., Furness, M., McWilliams, S., and Patton, S. (2019). CDx, NGS and regula-
tion: five perspectives from the Pistoia Alliance. Drug Discov. Today 24, 2120–2125.

13. U.S. Food & Drug Administration (2022). Procedures for Handling Post-Approval
Studies Imposed by Premarket Approval Application Order.

14. Cho, Y., Lee, J.Y., Shim, D.Y., Park, S.J., Rhee, H.E., Sung, H.G., Kim, H.J., Choi, N.K.,
Song, H.J., Kim, J.A., et al. (2021). Comparison of Postmarket surveillance strategies
of Implantable Medical Devices in the United States, European Union, and South
Korea. KoPERM 13, 45–54.

15. European Medicines Agency (2017). Regulation (EU) 2017/746 of the European
parliament and of the council of 5 April 2017 on in vitro diagnostic medical devices
and repealing directive 98/79/EC and commission decision 2010/227/EU.

16. Chambers AND PARTNERS (2023). Healthcare: Medical Devices 2023. https://
practiceguides.chambers.com/practice-guides/healthcare-medical-devices-2023/
japan.

17. Ministry of Food and Drug Safety (2020). 2021 medical device re-evaluation explan-
atory material.

18. Naito, T., Noji, R., Kugimoto, T., Kuroshima, T., Tomioka, H., Fujiwara, S., Suenaga,
M., Harada, H., and Kano, Y. (2023). The Efficacy of Immunotherapy and Clinical
Utility of Comprehensive Genomic Profiling in Adenoid Cystic Carcinoma of
Head and Neck. Medicina 59, 2111–2112.

19. Mino-Kenudson, M. (2017). Immunohistochemistry for predictive biomarkers in
non-small cell lung cancer. Transl. Lung Cancer Res. 6, 570–587.

20. Medical device integrated information system (2024). Company/Product
Information - Companion diagnostic tissue pathology test reagent. https://emedi.
mfds.go.kr/portal.

21. Noé, J., Bordogna, W., Archer, V., Smoljanovic, V., Hilton, M., Woodhouse, R.,
Mocci, S., and Gadgeel, S.M. (2022). Concordance Between Tissue ALK Detection
by Immunohistochemistry and Plasma ALK Detection by Next-Generation
Sequencing in the Randomized Phase 3 ALEX Study in Patients With Treatment-
Naive Advanced ALK-Positive NSCLC. JTO Clin Res Rep 3, 1–10.
er 2024

https://doi.org/10.1016/j.omtm.2024.101346
https://doi.org/10.1016/j.omtm.2024.101346
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref1
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref1
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref1
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref2
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref2
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref3
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref3
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref3
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref4
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref4
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref4
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref5
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref5
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref6
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref6
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref6
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref6
https://www.slideshare.net/pscad123/from-biomarkers-to-diagnostics-the-road-to-success
https://www.slideshare.net/pscad123/from-biomarkers-to-diagnostics-the-road-to-success
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref8
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref8
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref8
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref9
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref9
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref9
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref10
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref10
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref11
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref11
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref11
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref12
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref12
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref13
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref13
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref14
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref14
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref14
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref14
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref15
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref15
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref15
https://practiceguides.chambers.com/practice-guides/healthcare-medical-devices-2023/japan
https://practiceguides.chambers.com/practice-guides/healthcare-medical-devices-2023/japan
https://practiceguides.chambers.com/practice-guides/healthcare-medical-devices-2023/japan
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref17
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref17
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref18
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref18
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref18
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref18
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref19
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref19
https://emedi.mfds.go.kr/msismext/emd/min/mainView.do
https://emedi.mfds.go.kr/msismext/emd/min/mainView.do
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref21
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref21
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref21
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref21
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref21
http://www.moleculartherapy.org


www.moleculartherapy.org

Review
22. VENTANA (2022). VENTANA PD-L1 (SP263) Assay. https://elabdoc-prod.roche.com/
eLD/api/downloads/4b0ce998-2fb6-ea11-fc90-005056a71a5d?countryIsoCode=gb.

23. U.S. Food & Drug Administration (2018). Class 2 Device Recall foundationOne CDx.
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfRES/res.cfm?id=169070.

24. Ashley, E.A. (2016). Towards precision medicine. Nat. Rev. Genet. 17, 507–522.

25. Jørgensen, J.T. (2024). The impact of companion diagnostic testing on medical deci-
sion making and IVD regulations. Expert Rev. Mol. Diagn. 24, 245–247.

26. Jørgensen, J.T. (2020). Companion and complementary diagnostics: and important
treatment decision tool in precision medicine. Expert Rev. Mol. Diagn 20, 557–559.

27. Himadri, S. (2021). Postmarketing surveillance of in-vitro diagnostic system in the
european union. Appl. Drug Res. Clin. Trials Regul. Aff. 8, 48–52.

28. Kang, S.L., Woo, J.H., Kim, N.H., Kwon, J.Y., and Kim, S.M. (2023). Necessity of
strengthening the current clinical regulatory for companion diagnostics: An institu-
Molecular T
tional comparison of the FDA, EMA, and MFDS. Mol. Ther. Methods Clin. Dev. 30,
447–458.

29. Ansari, M. (2013). The Regulation of Companion Diagnostics: A Global Perspective.
Ther. Innov. Regul. Sci. 47, 405–415.

30. European Commission (2024). EUDAMED – European Database on Medical
Devices. https://ec.europa.eu/tools/eudamed/#/screen/home.

31. Sakata, S., Otsubo, K., Yoshida, H., Ito, K., Nakamura, A., Teraoka, S., Matsumoto, N.,
Shiraishi, Y., Haratani, K., Tamiya, M., et al. (2022). Real-world data on NGS using
the Oncomine DxTT for detecting genetic alterations in non-small-cell lung cancer:
WJOG13019L. Cancer Sci. 113, 221–228.

32. International Medical Device Regulators Forum (2012). GHTF SG5 Scientific
Validity Determination and Performance Evaluation: GHTF/SG5/N7:2012.

33. International Medical Device Regulators Forum (2012). GHTF SG5 Clinical
Performance Studies for IVD Medical Devices: GHTF/SG5/N8:2012.
herapy: Methods & Clinical Development Vol. 32 December 2024 7

https://elabdoc-prod.roche.com/eLD/api/downloads/4b0ce998-2fb6-ea11-fc90-005056a71a5d?countryIsoCode=gb
https://elabdoc-prod.roche.com/eLD/api/downloads/4b0ce998-2fb6-ea11-fc90-005056a71a5d?countryIsoCode=gb
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfRES/res.cfm?id=169070
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref24
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref25
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref25
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref26
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref26
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref27
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref27
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref28
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref28
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref28
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref28
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref29
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref29
https://ec.europa.eu/tools/eudamed/#/screen/home
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref31
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref31
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref31
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref31
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref32
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref32
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref33
http://refhub.elsevier.com/S2329-0501(24)00162-1/sref33
http://www.moleculartherapy.org

	Insights into post-marketing clinical validation of companion diagnostics with reference to the FDA, EMA, PMDA, and MFDS
	Introduction
	Data extraction
	Regulatory framework by regulatory authorities
	Case study
	Regulatory framework
	United States (FDA)
	Europe (EMA)
	Japan (PMDA)
	Korea (MFDS)

	Institutional comparison
	Case study
	United States (FDA)
	Europe (EMA)
	Japan (PMDA)
	Korea (MFDS)


	Conclusion
	Acknowledgments
	Author contributions
	Declaration of interests
	Supplemental information
	References


