
CLINICAL PHARMACOLOGY & THERAPEUTICS | VOLUME 112 NUMBER 1 | July 2022 69

Biomarker Qualification at the European 
Medicines Agency: A Review of Biomarker 
Qualification Procedures From 2008 to 2020
Elisabeth Bakker1,‡, Natalie M. Hendrikse2,‡, Falk Ehmann2, Daniëlla S. van der Meer1,3,   
Jordi Llinares Garcia2,†, Thorsten Vetter2, Viktoriia Starokozhko1,3 and Peter G.M. Mol1,3,4,*

Regulatory qualification of biomarkers facilitates their harmonized use across drug developers, enabling more 
personalized medicine. This study reviews various aspects of the European Medicines Agency’s (EMA’s) biomarker 
qualification procedure, including frequency and outcome, common challenges, and biomarker characteristics. Our 
findings provide insights into the EMA’s biomarker qualification process and will thereby support future applications. All 
biomarker-related “Qualification of Novel Methodologies for Medicine Development” procedures that started from 2008 
to 2020 were included. Procedural data were extracted from relevant documents and analyzed descriptively. In total, 86 
biomarker qualification procedures were identified, of which 13 resulted in qualified biomarkers. Whereas initially many 
biomarker qualification procedures were linked to a single company and specific drug development program, a shift was 
observed to qualification efforts by consortia. Most biomarkers were proposed (n = 45) and qualified (n = 9) for use in 
patient selection, stratification, and/or enrichment, followed by efficacy biomarkers (37 proposed, 4 qualified). Overall, 
many issues were raised during qualification procedures, mostly related to biomarker properties and assay validation 
(in 79% and 77% of all procedures, respectively). Issues related to the proposed context of use and rationale were least 
common yet were still raised in 54% of all procedures. While few qualified biomarkers are currently available, procedures 
focus increasingly on biomarkers for general use instead of those linked to specific drug compounds. The issues raised 
during qualification procedures illustrate the thorough discussions taking place between applicants and regulators—
highlighting aspects that need careful consideration and underlining the importance of an appropriate validation strategy.
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Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE 
TOPIC?
 To our knowledge, the biomarker qualification procedure has 
been reviewed using qualified biomarkers only and no analysis of 
issues raised in qualification procedures has been performed.
WHAT QUESTION DID THIS STUDY ADDRESS?
 This study reviews the utilization of the European Medicines 
Agency (EMA) biomarker qualification procedure, regarding 
frequency and outcome (confidential qualification advice or 
published qualification opinion), but also other characteristics 
including type of applicant, disease area, and common issues 
raised during qualification.
WHAT DOES THIS STUDY ADD TO OUR 
KNOWLEDGE?
 This study provides a broad overview of characteristics of 
both qualified and nonqualified biomarkers evaluated by the 

EMA. This information is not publicly available and cannot be 
accessed elsewhere.
HOW MIGHT THIS CHANGE CLINICAL PHARMA-
COLOGY OR TRANSLATIONAL SCIENCE?
 The broad use of qualified biomarkers may expedite drug 
development, especially in areas where a high unmet medical 
need exists, and can support the broad implementation of pre-
cision medicine in research and clinical practice. This study 
may stimulate future applicants by providing considerations for 
these procedures, which may be useful when preparing a bio-
marker qualification.
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Over the past two decades, the discovery, validation and qualifica-
tion of biomarkers for new medicine development and assistance in 
regulatory decision making has become increasingly important.1 
The Biomarkers, Endpoints and Other Tools (BEST) resource de-
scribes a biomarker as “a defined characteristic that is measured as 
an indicator of normal biological processes, pathogenic processes, 
or responses to an exposure or intervention, including therapeutic 
interventions.”2 From a precision medicine perspective, biomark-
ers can be useful to identify patients who are likely to benefit from 
a certain therapeutic agent or exclude patients that are likely to be 
harmed by that therapeutic agent, i.e., to predict an individual’s 
response (predictive biomarkers). Furthermore, biomarkers can 
be used to track disease progression or predict whether an indi-
vidual is at increased risk of experiencing a certain clinical event 
(prognostic biomarkers). Therefore, using biomarkers to select the 
right treatment for the right patient can increase the chance of 
treatment success in clinical development and clinical practice.3 
Successful implementation of new biomarkers depends on their 
discovery as well as a thorough validation process. Endorsement 
of validated biomarkers by regulators in the form of qualification 
facilitates their harmonized use across drug developers, expedites 
drug development, and may be an important step in adoption of 
precision medicine in clinical practice.1,4,5

One of the core recommendations of the European Medicines 
Agency (EMA) Regulatory Science Strategy to 2025 is to sup-
port developments in precision medicine, biomarkers, and ’omics. 
Underlying actions that are suggested to achieve this goal include 
“enhancing early engagement with novel biomarker developers to 
facilitate regulatory qualification” and “critically review the EMA’s 
biomarker validation process, including duration and opportuni-
ties to discuss validation strategies in advance, in order to encourage 
greater uptake and use.”6 The EMA introduced the “Qualification 
of Novel Methodologies for Medicine Development” in 2008.7 
This procedure provides support to “the qualification of innovative 
development methods for a specific intended use in the context 
of research and development into pharmaceuticals,” such as bio-
markers, and is provided by the EMA’s Committee for Medicinal 
Products for Human Use (CHMP) based on recommendations 
by the Scientific Advice Working Party (SAWP).7 The first bio-
markers to obtain such regulatory approval were qualified through 
a joint pilot procedure by the EMA and the US Food and Drug 
Administration (FDA) that took place from 2007 to 2008.8 A 
qualification procedure can result in a qualification advice (QA) 
or qualification opinion (QO). Although applicants are asked to 
indicate the anticipated scope (QA/QO) when submitting their 
request, the outcome is determined during the course of the proce-
dure and based on the level of evidence as assessed by the qualifica-
tion team.9 Targeting early stages of the qualification exercise, the 
confidential QA aims to facilitate biomarker validation by provid-
ing a platform for discussion and reaching consensus between the 
EMA and the applicant on scientific rationale, proposed context of 
use (CoU), preliminary data, and evidence generation strategy.10 
Multiple QAs may precede a QO, which is only issued when the 
evidence is deemed adequate to support the biomarker’s targeted 
CoU. Before it is finally adopted, a draft QO is first published on 
the EMA website for 2 months of public consultation, to confirm 

validity with the scientific community.11 In case a QA is pursued, a 
public Letter of Support may be proposed by EMA when the novel 
methodology is shown to be promising based on preliminary data, 
which aims to encourage data sharing and facilitate further studies 
towards qualification.9

Many current publicly and privately sponsored biomarker 
projects, such as Innovative Medicines Initiative (IMI) consortia, 
including the Biomarker Enterprise to Attack Diabetic Kidney 
Disease (BEAT-DKD) consortium, the HORIZON program, 
and the Biomarker Commercialization (BIC) consortium, aim for 
regulatory qualification and broad use of newly discovered bio-
markers.12–14 It is currently unclear, however, how much the EMA 
qualification procedure is used and how often it leads to qualified 
biomarkers. In addition, available guidance for applicants is mainly 
focused on the procedural aspects9 and, although some essential 
considerations for successful qualification are provided,15 eviden-
tiary requirements are mainly driven by the proposed biomarker-
specific CoU and cannot be generalized. In this collaborative 
effort between academic researchers and the EMA, we analyzed 
the use of this procedure in terms of frequency and outcome (QA 
or QO), but also with respect to other characteristics, such as type 
of applicant, disease area, and issues that are commonly raised. The 
findings presented may provide insights into the biomarker qualifi-
cation process and could support future applications.

METHODS
Selection of procedures
For this study, all finalized “Qualification of Novel Methodologies for 
Medicine Development” procedures that started between January 1, 
2008 and December 31, 2020 (i.e., since the start of the procedure), were 
obtained from an internal EMA database (Figure 1). For all procedures, 
the lists of issues and final advice letters were screened for their eligi-
bility to be included in the study. Joint procedures with the FDA were 
excluded in line with the provisions of the confidentiality arrangement 
between the FDA and the EMA. Procedures on nonbiomarker meth-
odologies, such as patient-reported outcomes, registries and other data 
platforms, clinical trial methodologies, and statistical or modeling meth-
ods were also excluded (Figure 1). The selection process was performed 
by six researchers (E.B., N.M.H., D.S.v.d.M., T.V., V.S., and P.G.M.M.) 
and in case of disagreements, these were discussed until a consensus was 
reached. The unit of analysis in this study is the qualification procedure, 
where a single procedure may comprise several (candidate) biomarkers, 
either for use as a single biomarker or as a panel of biomarkers. Related 
procedures, such as follow-ups, were treated independently.

Data extraction, characterization, and interpretation
The following characteristics of the procedure were extracted: the out-
come of the procedure (QO or QA), whether the procedure was a fol-
low-up procedure, the type of applicant (consortium or company), and 
whether the biomarker procedure was linked to a clinical development 
program of a specific drug of that company. The duration of the pro-
cedure was also extracted, which was defined as the number of months 
from the start of the procedure until adoption of the FAL by the CHMP. 
For QOs, a distinction was made between the duration until adoption 
of the draft opinion for public consultation and adoption of the final 
opinion.

The following characteristics of the biomarkers were extracted: the 
CoU proposed by the applicant, the biomarker type, and disease area for 
which the biomarker is intended. Based on the CoU claimed by the appli-
cant, biomarkers were assigned to the following broad CoU categories: (i) 
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patient selection, stratification, and/or enrichment, (ii) efficacy, and (iii) 
safety. In addition, every biomarker was assigned to a category based on 
its function, according to definitions that were adapted from the BEST 
Resource, as outlined in Table 1.2 A single biomarker procedure could be 
assigned to more than one intended CoU, multiple biomarker categories, 
biomarker types, and/or disease categories.

Lastly, we characterized frequently arising issues in the biomarker qual-
ification procedures, i.e., topics of controversy that required further dis-
cussion between regulator and applicant. These issues were identified in 
an iterative process that was performed as follows: two researchers from 
the University Medical Center Groningen (E.B. and V.S.) independently 
identified issues in a sample set of ten randomly selected procedures, which 
were compared, and related issues were grouped. One EMA researcher 
(N.M.H.) identified issues in another sample set of eight procedures, 
which were discussed and grouped in collaboration with two additional 
EMA researchers (F.E. and T.V.). Then, a pilot of ten procedures was per-
formed by three researchers (E.B., N.M.H., and V.S.), in which the issue 
groups from the two separate exercises were merged and final categories 
(all coauthors) were defined that covered all issues identified in the ten 
pilot procedures. Eventually, eight different categories of qualification 
issues were identified: biomarker properties, general study design, assay 
validity, evidence, data analysis/statistics, anchoring, rationale, and CoU 
(Table  2). Subsequently, all remaining procedures were reviewed, and 
issues were identified and assigned to one of these eight predefined cat-
egories by two independent researchers (E.B. and N.M.H.). Differential 
classifications were resolved by consensus. A final quality check of the 
assigned issue categories was performed by four other researchers (F.E., 
T.V., V.S., and P.G.M.M.), who each assessed the assigned issue categories 
for a sample of two procedures each. For all procedures, issues were ex-
tracted from the lists of issues and final advice letters, more specifically 
from the numbered issue section and the CHMP answers, respectively. All 
extracted data were analyzed descriptively.

RESULTS
Biomarker-related qualification procedures from 2008 to 
2020
Between 2008 and 2020, the EMA handled a total of 164 qual-
ification procedures, of which 86 were biomarker related and 
included in the analysis (see Figure 1). Of the 18 excluded joint 
FDA procedures, 16 were biomarker related, of which one re-
sulted in a QO. The number of biomarker-related procedures 
f luctuated between 2 and 12 per year and included 13 QOs 
(Figure 2a). Out of the total of 86, 16 were follow-ups to pre-
vious procedures concerning the same candidate biomarker(s) 
and/or CoU, resulting in seven QOs. The maximum number 
of iterative interactions was three (initial procedure and two 
follow-ups), which occurred three times. The median duration 
of QAs was 4 months (minimum (min.) 1, maximum (max.) 11). 
The median duration of QOs was 11.5  months in total (min. 
4, max. 31); 6  months (min. 3, max. 25) from the start of the 
procedure until adoption of the draft opinion, and 6  months 
(min. 2, max. 18) from the start of the public consultation 
until adoption of the final opinion. Whereas up to 2014 when 
most biomarker qualification procedures were linked to a single 
company and a specific drug development program, most pro-
cedures in later years targeted a general use of biomarkers and 
were increasingly submitted by consortia (Figure 2b).

Context of use and disease areas
Most biomarker procedures (n  =  45), including nine QOs, 
were assigned to the patient selection, stratification, and/or 

Figure 1  Selection of biomarker-related qualification procedures at the EMA (European Medicines Agency). All procedures for qualification of 
novel methodologies that started between January 2008 and December 2020 were screened for eligibility according to the flowchart. FDA, US 
Food and Drug Administration; PRO, patient-reported oucome.
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enrichment CoU category. This was followed by 37 procedures 
with an efficacy and 12 procedures with a safety CoU, including 
four QOs and one QO, respectively (Table  1). In the largest 
CoU category, most biomarkers were aimed at diagnosis/strat-
ification for the purpose of enrichment of patient populations 
for clinical trials. In the efficacy category, although all biomark-
ers were pharmacodynamics/response markers, only a selection 
of those were aimed to be qualified as surrogate (n  =  9), (co)
primary (n = 11) or “key” secondary endpoints (n = 2). In four 
applications, the applicant did not indicate one specific type of 
endpoint to be qualified (Table 1).

The most common diseases and disease areas per CoU category 
are listed in Table 1. Alzheimer’s disease is the most common dis-
ease across all CoU categories (17 out of 86 procedures), as well 
as the main disease in CoU categories patient selection, stratifica-
tion, and/or enrichment, and efficacy. Nearly all procedures (n = 15) 
related to Alzheimer’s disease occurred before 2015 and only two 
additional procedures started in 2017 (Figure 3). Most biomarkers 
that were intended as safety markers were related to drug-induced 
organ injury (e.g., kidney injury, liver injury, and vascular injury). 
As opposed to biomarkers in Alzheimer’s disease, safety markers 
for drug-induced injury were submitted throughout the studied 
period. Qualifications of biomarkers intended for Parkinson’s dis-
ease did not take place until 2015, after which at least one pro-
cedure was started per year. All five biomarker qualifications for 
nonalcoholic fatty liver disease / nonalcoholic steatohepatitis bio-
markers started in the same year (2019).

The majority of biomarkers were soluble biomarkers (n = 30), 
imaging biomarkers (n  =  29), or performance scores (n  =  29) 
(Figure 4). Between the different CoU categories, some differences 
were noted: Whereas imaging and soluble biomarkers are most fre-
quent among the patient selection, stratification, and/or enrichment 
biomarkers (n = 19 and n = 16, respectively), performance scores 
are most frequent among the efficacy biomarkers (n = 18). In rela-
tion to the remaining biomarker types, seven clinical scores, two 
functional biomarkers, one histology biomarker, and one genetic 
biomarker were identified.

Issues that were raised during qualification procedures
In all procedures, the issues raised by the CHMP during quali-
fication covered several of the previously defined categories and 
all identified issues could be assigned to one of those categories. 
The most commonly raised issues related to biomarker proper-
ties (92%), general study design (79%), and assay validity (77%) 
(Table  2). The first category often involved discussions around 
chosen cutoff values and the minimal clinically relevant change. 
Reoccurring issues with respect to study design typically revolved 
around the study population, as illustrated in Table 2, as well as 
study set up in terms of options for generating sufficient data for 
biomarker discovery and validation. Such a prespecified “learn and 
confirm” concept was often missing, both in early-stage projects 
and advanced qualification efforts, and was categorized as related 
to evidence, since the evidence generation plan was not deemed 
acceptable. Issues related to assay validity were also frequently 
raised and referred to sensitivity and specificity of the assay or test 
used to measure the biomarker, as well as interlab and intralab 

reproducibility and standardization (Table 2). Issues around the 
proposed CoU and rationale were raised in 54% of all procedures 
(Table 2). These categories involved important discussions espe-
cially in early-stage projects, as they are key to determining the 
strategy for biomarker validation and qualification. No difference 
in distribution of issues was observed between biomarkers that 
were linked to a specific drug compound and those that were not. 
Between CoU categories, the distributions of issues were rather 
similar, with procedures in the safety category deviating most from 
the average and/or other COU categories in nearly all of the issue 
categories. In particular, fewer issues were raised about assay valid-
ity for safety biomarkers compared with the other COU categories 
(Table 2).

DISCUSSION
In this study we identified only 13 qualified biomarkers out of a 
total of 86 biomarker-related qualification procedures that started 
between January 2008 and December 2020 at the EMA. Sixteen 
of these were follow-ups to previous procedures, of which seven 
resulted in QOs. Whereas most biomarker procedures were in-
tended to support patient selection (n = 45) or measure treatment 
outcome (n  =  37), fewer were aimed at monitoring drug safety 
(n = 12). In terms of disease areas, the biomarker qualification pro-
cedures were dominated by biomarkers developed for Alzheimer’s 
disease (AD), autism spectrum disorder, and disease-independent 
drug-induced organ injury, and these applications seemed to clus-
ter in time. Perhaps not surprisingly, most procedures concerned 
soluble (n = 30) and imaging biomarkers (n = 29), which are often 
relatively easy to obtain concomitantly with regular clinical trial 
procedures. More surprising, however, was the high number of 
procedures related to performance scores (n = 29) and low number 
of procedures related to genetic biomarkers (n = 1). Finally, vari-
ous issues were raised in the biomarker qualification procedures, 
which were mostly related to biomarker properties, study design, 
assay validity, and evidence. Issues related to the rationale behind 
the suggested biomarker, as well as the suggested CoU were raised 
in >50% of the procedures, highlighting the importance of these 
aspects for determining the biomarker validation strategy.

In general, the use of the EMA qualification of novel method-
ologies procedure is still modest, also when it comes to biomark-
ers. Out of all 164 qualification procedures that started between 
2008 and 2020, approximately half are related to biomarkers 
(n  =  86)—almost seven per year on average. Interestingly, the 
number of biomarker qualification procedures has not significantly 
increased since 2015 (Figure 2), despite the growing interest for 
biomarker identification and development following the rise of 
precision medicine.1 However, the number of procedures in 2019 
and 2020 were relatively high compared with the previous 3 years, 
which might indicate a positive trend for the years to come. As of 
December 2021, 19 Letters of Support for the included procedures 
have been published on the EMA website, and it may be expected 
that applicants return for future qualification. A possible explana-
tion for the low number of qualified biomarkers is that biomarker 
validity can also be assessed on a case-by-case basis as part of a mar-
keting authorization application (MAA) evaluation, and regula-
tory qualification of biomarkers is not a requirement for their use 
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in drug development. This may be reflected in the development 
context of the reviewed biomarkers throughout the years, with a 
shift away from qualification procedures that were linked to a spe-
cific drug compound over time (Figure 2b). Applicants, especially 
companies, aiming at qualifying a biomarker in the context of a 
clinical development program for a specific drug compound, may 
opt for a Scientific Advice (SA) procedure instead. In contrast to 
the qualification procedures that aim to publish the evidence sup-
porting a qualified biomarker, these product-related SA procedures 
remain confidential. Although SA may include questions around 
the acceptability of the use of established biomarkers or plans for 
novel biomarker validation, biomarker validity itself will not be as-
sessed until an applicant submits its product for MAA evaluation. 
The aspect of confidentiality may be a determining factor in a com-
pany’s strategy for regulatory interactions, including those related 
to biomarkers.16 The increasing number of procedures initiated by 
consortia can only be encouraged, as these collaborations typically 
have the financial and intellectual resources (e.g., access to extensive 
clinical data) to move the broad implementation of precision med-
icine forward by qualifying biomarkers that will become publicly 
available.16,17 In comparison, as of February 2020, 49 biomarkers 
had been submitted to the FDA Biomarker Qualification Program 
(BQP), of which eight resulted in qualified biomarkers.16 Overall, 
the BQP is similar to the EMA biomarker qualification procedure 
in the sense that biomarkers can be qualified for a specific CoU 
and that qualification data become publicly available. Out of the 
49 BQP procedures, 16 were conducted in collaboration with the 
EMA but were not included in this study due to confidentiality 
arrangements. As only one of them led to a QO, exclusion of these 
procedures did not substantially influence the findings of our 
study. Notably, the FDA has provided draft guidance on its eviden-
tiary requirements for biomarker qualification.1,18

The majority of qualification procedures concerned biomarkers 
to be used for patient selection, stratification, and/or enrichment 
(n = 45, Table 1), which also included the highest number of QOs 
(n  =  9). From an industry perspective, this may reflect the need 
for increased efficiency in clinical trials, which can be achieved by 
selecting a study population in which establishing efficacy of a drug 
is more likely. From a public health perspective, on the other hand, 
these numbers highlight the increasing ability to implement preci-
sion medicine, i.e., identifying the right medicine for the right pa-
tient. Another factor to consider is that different levels of evidence 
are required for qualification in the three CoU categories, which 
has also been widely discussed by the Biomarkers Consortium 
during workshops on defining an evidentiary criteria framework.19 
The higher burden of evidence might explain the lower number 
of qualifications for efficacy biomarkers (n = 37, Table 1) and the 
lower proportion that received a QO (n = 4). The four qualified 
biomarkers to establish efficacy include an activity index for use 
in pediatric ulcerative colitis, an ingestible sensor system for med-
ication adherence, gait measurement through a wearable device 
in Duchenne muscular dystrophy, and a multiple sclerosis clinical 
outcome assessment.20–23

When it comes to disease areas, the large number of qualifica-
tion procedures for biomarkers to be used in Alzheimer’s disease 
is remarkable but might be explained by the unmet medical need C
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that exists in this field. Interestingly, most qualification proce-
dures that involve biomarkers for use in Alzheimer’s disease were 
initiated before 2015, with only two procedures starting between 

2016 and 2020 (Figure 3). This finding is likely related to devel-
opments at the time, i.e., scientific hypotheses that have been driv-
ing research questions and drug development efforts in the field.24 

Figure 2  Biomarker qualification procedures from 2008 to 2020. (a) All biomarker-related qualification procedures are grouped according to 
the year in which the procedure was initiated: Stacked bars show the number of qualification advices (light gray) and qualification opinions 
(dark gray) for each year. (b) The type of applicant (company vs. consortium) and development context of the biomarker to be qualified were 
extracted for all 86 procedures. A distinction was made between biomarkers linked to a specific drug and clinical development program and 
those that were not. BM, biomarker; QA, qualification advice; QO, qualification opinion.
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Figure 3  Main diseases or disease areas over time from 2008 to 2020. Number of biomarker procedures per disease or disease areas for 
which they were proposed over time. Diseases or disease areas for which only one procedure was started are grouped in the category “other.” In 
2017 one procedure covered MS (multiple sclerosis) and two other diseases, and was therefore assigned to both categories MS and “other.” In 
2020 one procedure covered MS, PD (Parkinson’s disease), and several other diseases. This procedure was counted for MS, PD, and “other.”
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Although it is known that numerous successful biomarker-guided 
cancer treatments already exist on the market, only six biomarker 
qualification procedures concerned biomarkers in the area of on-
cology.25 The oncology field is generally considered a pioneer in 
terms of biomarker use compared with other disease areas, both in 
clinical trials and clinical practice, as many forms of cancer are as-
sociated with known and validated driver mutations.26 Since these 
are often highly specific, it is likely that such mutations are topics 
of discussion in SA procedures and become endorsed as acceptable 
biomarkers during the MAA review,27 which is in line with the low 
number of genetic biomarkers observed in this study. The most 
common types of biomarkers were imaging biomarkers, soluble 
biomarkers, and performance scores (Figure 3). Whereas imaging 
and soluble biomarkers are most frequent among the patient se-
lection, stratification, and/or enrichment biomarkers, performance 
scores are most frequent among the efficacy biomarkers. This may 
be partly explained by the most common disease areas for which 
biomarkers are developed in these two CoU categories. For exam-
ple, for Alzheimer’s disease, Parkinson’s disease, and Duchenne 
muscular dystrophy that were dominating in the efficacy CoU 
category, performance scores are likely to be the most appropriate 
means to measure efficacy. In disease areas, such as nonalcoholic 
fatty liver disease and nonalcoholic steatohepatitis, there is a need 
for less invasive diagnostic tools, e.g., imaging tools in this case, to 
replace liver biopsy.28

An analysis of the issues raised by the CHMP during qualifi-
cation procedures revealed that a typical procedure contains a 
high number of issues across multiple categories, underlining that 
thorough discussions between regulators and applicants take place. 
In a few cases (n = 4), additional rounds of discussion occurred, 
which may contribute to the observed variation in procedure 
length. Perhaps unexpectedly, the fewest issues—approximately 
50% of the procedures—were raised on rationale and CoU. Both 
are crucial aspects in determining the validation strategy toward 
biomarker qualification and should be thoroughly discussed and 

properly defined at an early stage, which was the case for many 
QAs. By nature, early-stage procedures and later-stage procedures 
result in different issues, which is reflected in the comments from 
the CHMP. Whereas comments in early-stage QAs mostly con-
cern validation plans, the comments in later stage QAs and QOs 
concern the data already obtained. It should be noted that final 
advice letters are typically modeled around specific questions from 
the applicant to the CHMP, which may also affect the types of is-
sues that were identified from the CHMP answers. For example, 
one applicant asked: “Does the EMA agree that the Context of Use 
clearly describes how TKV [total kidney volume] will be used by 
applicants as a prognostic biomarker to enrich clinical trial popula-
tion in clinical trials at all stages of ADPKD [autosomal dominant 
polycystic kidney disease] drug development, including proof of 
concept, dose-ranging, and confirmatory trials?” which resulted in 
a discussion and possible issues around the CoU.29

In summary, only a limited number of qualified biomarkers 
is currently available. Despite high heterogeneity among the in-
cluded procedures, some trends could be identified. Whereas 
initially most procedures were brought forward by developers 
aiming to qualify a biomarker linked to a specific drug com-
pound, a shift has taken place in recent years to projects funded 
by public/private partnerships that aim to develop biomarkers for 
a CoU that is not linked to a specific compound. The majority 
of proposed and qualified biomarkers were intended for use in 
patient selection, stratification, and/or enrichment, followed by 
biomarkers for efficacy. Disease areas for which biomarkers were 
proposed to be qualified seem to follow time trends that corre-
spond to scientific developments and unmet medical needs in 
the field. Moreover, biomarker types differed between CoU cat-
egories, which may also be partly explained by the predominant 
disease areas within these categories. The issues raised in the pro-
cedures illustrate that the biomarker qualification procedure is a 
complex, interactive process, which is also reflected in the longer 
median timelines of qualification procedures as compared with 

Figure 4  Different types of biomarkers in each CoU category. The stacked bars show the number of procedures in the three CoU categories 
for each type. BM, biomarker; CoU, context of use.
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the guidance document and the fact that more than half of the 
QOs resulted from follow-ups to initial procedures.9 The issue 
analysis also highlights several aspects that need careful consider-
ation by applicants. These insights in the biomarker qualification 
procedure at EMA should be used to guide and stimulate future 
applicants for biomarker qualification, to increase the number of 
qualified biomarkers and, thereby, facilitate the implementation 
of precision medicine in research and clinical practice. It would 
be of interest to further investigate the impact of regulatory bio-
marker qualification on medicines development, in particular up-
take and use in clinical trials and MAAs.

Strengths and limitations
A strength of this study is that it includes not only the publicly 
available QOs, but also QAs, and provides a comprehensive over-
view of the biomarker qualification procedures from the regula-
tory perspective. However, we only considered biomarkers that 
were proposed for qualification at the EMA, which do not encom-
pass all novel biomarkers that are used in clinical studies. A lim-
itation of the study is that the analysis is based on the procedures 
and not on the biomarkers itself. The reason for this decision was 
the great variability among the procedures (e.g., some procedures 
concerned early-stage projects that presented 20 possible bio-
marker candidates). For the same reason, follow-up procedures 
were treated as individual procedures, which underestimates the 
proportion of QOs, but overestimates the number of different bio-
markers proposed. Given that 7 out of 16 follow-up procedures led 
to a QO, it is possible that several biomarkers that have only been 
discussed in QAs thus far will eventually proceed to a QO. Due 
to the overall limited number of biomarker-related procedures 
and low proportion of QOs, a trend analysis over the years was 
not informative. Finally, the results from the issue analysis should 
be interpreted with some caution, despite being performed by two 
researchers independently and checked by four other researchers. 
Nevertheless, the results highlight some important considerations 
for biomarker qualification.
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