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Background 
Quality by Design (QbD) is a comprehensive, systematic 
approach to biopharmaceutical development and manufacturing 
that employs statistical, analytical, and risk management 
methodologies to ensure the quality of medicines.1 While QbD 
principles have been used successfully in the biopharmaceutical 
manufacturing industry for decades, sponsors have had difficulty 
translating this approach to research and development (R&D) 
and clinical trial programs. 

QbD is an approach that focuses on:2

++ Examining the objectives of a trial,

++ Defining critical factors to achieving those objectives, and

++ Creating a plan to prevent risks to those factors from 
negatively impacting outcomes.

In essence, developing a detailed understanding of the data and 
processes that form the underpinnings of a successful trial is a 
prerequisite to identifying and managing risks and improving the 
quality and outcomes for clinical trials. 

The application of QbD-based risk management principles 
is relevant to virtually any clinical trial, in any therapeutic 
area. However, there are special considerations that must be 
taken into account when applying QbD concepts for drugs 
and biological products intended to treat the rare disease 
population. For example, it is important to consider that in the 
rare disease model – also known as the Orphan Drug Act in the 
U.S. and “Orphan Designation” in the EU – there may be limited 
opportunity to study the disease and replicate clinical trial 
results due to the inherently small eligible patient population. 

QbD is an approach that focuses on:

Examining the objectives  
of a trial,

Defining critical factors  
to achieving those  
objectives, and

Creating a plan to prevent 
risks to those factors from 
negatively impacting 
outcomes.
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To compound the challenge, rare diseases are typically a 
combination of different diseases and the rate of progression, 
severity, and manifestation of the disease varies greatly among 
patients. This heterogeneity makes the diseases difficult to 
diagnose. As a result, by the time the patient presents for 
treatment and reaches the point of a clinical trial, their disease 
is often life threatening, making it a difficult to develop an 
outcome assessment model that accurately measures the overall 
effectiveness of the clinical trial.

In this paper, we will provide a roadmap for applying the 
principles of QbD and quality risk management to the 
scientific and operational design of clinical trials, focusing on 
the special considerations that need to be taken into account 
for rare diseases.

Regulatory standards
Important scientific standards and regulatory guidelines which 
must be taken into account when developing a rare disease 
program include:

++ US FDA (21 CFR 314)3

++ EU Regulation (EC) No. 141/20004

++ EU Regulation (EC) No. 847/20005

This is in line with the FDA Guidance for Industry for Rare 
Diseases on Common Issues in Drug Development which 
recommends that sponsors/CROs consider the following 
guidelines to avoid costly mistakes:6

In order to meet the requirements for a well-designed and well-
executed trial, the study design should include the following:

++ Epidemiological data (prevalence, incidence, 
geographic distribution) and literature reviews 
to support orphan designation

++ Previous experience with the drug

++ Detail on the novelty of the drug

++ Developmental phase of the drug

++ Definition of the disease population (a description of the 
full range of the disease manifestations and identification of 
important disease subtypes). 

++ Keep in mind that rare diseases are considered to be highly 
diverse and as a group may affect many organs with wide 
variations that can be expected in rates and patterns of 
manifestations and progression.

++ Consider conducting natural history studies to evaluate the 
depth and quality of existing natural history of rare diseases 
when knowledge about the disease is insufficient to guide 
clinical development early in the study development (although 
these studies are not required). If a natural history study is 
conducted, the selection of data elements collected should be 
broad-based and based on features of the disease, including 
morbidities that are most important to the patient, such as 
aspects of the disease that are life-limiting or life-altering.

++ Understand the critical elements in clinical study design such 
as study duration and choice of subpopulation.

++ Develop and select outcome measures that are specific and 
sensitive to changes in manifestation of the disease or more 
quickly demonstrate safety or efficacy than your existing 
measures.

++ Develop new or optimized biomarkers that may provide 
information such as:

–– Providing proof of concept

–– Guiding dose selection

–– Triggering early recognition of safety concerns

–– Allowing for evidence of efficacy

–– Allowing biomarkers to be used for surrogate endpoints

Important scientific standards and 
regulatory guidelines which must be 
taken into account when developing 
a rare disease program include:

US FDA (21 CFR 314) 

•	 Requires adequate and well-
controlled trials which can be 
concurrent or historical 

•	 The regulations do, however, allow 
flexibility for the amount of data 
that must be collected in support 
of a clinical trial*

EU Regulation (EC) No. 141/2000 

•	 Requires the same quality, safety, 
efficacy and evaluation process as 
other trials*

•	 Centralized procedure for 
designation

EU Regulation (EC) No. 847/2000 

•	Defines “similar medicinal products” 
and “clinical superiority” concepts

* This applies to both regions, well designed and 
executed trials are required.
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According to the FDA, the overall goals of any drug development 
program are to evaluate whether the drug is effective in treating 
or preventing a disease or condition; to assess the magnitude 
or frequency of that effect; and to assess the risk of the drug. 
The statutory requirement for marketing approval is “substantial 
equivalence” the drug will have its claimed effect, which is the 
same for common and rare diseases.

The FDA Guidance for Industry for Rare Diseases on Common 
Issues in Drug Development also states that an adequate and 
well-controlled study must include design features to ensure the 
safety of clinical trial patients and to establish the safety of the 
drug for its intended use, and that these design features should 
be prospectively specified and included in the investigational 
plan (e.g., the study protocol), as well as in the monitoring plan.6 

Additionally, in Europe, the CHMP Guideline on Clinical Trials in 
Small Populations addresses methods where the efficiency of 
the design or analysis may be increased and approaches when 
such methods are not applicable. There are no special methods 
for designing, carrying out or analyzing clinical trials in small 
populations; however, there are approaches which need to be 
considered to increase the efficiency of the clinical trials. The 
Guideline on Clinical Trials in Small Populations includes:7

++ Levels of evidence for marketing authorizations in small 
populations, as well as methodological and statistical 
considerations.

++ Pharmacological considerations where pre-clinical 
pharmacodynamics studies can be of importance when there 
are adequate animal models. Detailed knowledge of the 
pharmacology of the compound may help when designing 
studies. Non-clinical pharmacology may also be helpful.

++ Looking at time to progression may be a challenge where 
there are few patients; therefore, extended follow-up periods 
using “open-label” extensions may be important. Choice of 

clinical endpoints such as the relief of symptoms and patient 
preference may be valuable in the absence of demonstration 
of benefit on disease progression or survival. Surrogate 
endpoints need to be justified.

++ Choice of control and comparator groups are important. 
Placebo may not be possible as an appropriate control group, 
whereas best standard of care may be more applicable. The 
use of patient registers may supply useful information.

Sponsors should keep in mind that guidelines such as ICH and 
other CHMP guidelines relating to common diseases also apply 
to rare diseases.

Designing a risk management system
When designing an overall risk management system for a rare 
disease clinical trial program, quality should be incorporated as 
early as possible. The QbD model is a good quality management 
tool to incorporate into the clinical development business model 
as it demonstrates an organizational commitment to quality 
from the top down. QbD is based on a system designed to 
proactively protect the organization against potential threats, 
both known and unknown. When implemented as part of the 
pre-development and study start-up phase of a clinical trial, 
QbD can demonstrate to regulators a robust control for early 
detection and prevention of risks.

To ensure that the time spent on managing risk is proportionate 
to the risk itself, sponsors should implement an efficient risk 
assessment framework that helps them to uncover and prioritize 
areas of risk. Focusing on the critical aspects of a trial could also 
reduce the burden of clinical trial conduct by relieving sponsors 
of a perceived obligation to mitigate every potential risk posed 
by a trial, particularly those activities that minimally affect data 
quality and the protection of human subjects.2 As such, the 
core components of the QbD model comprise a Risk Register 
consisting of specific steps to identify, analyze, evaluate, 
manage, and monitor risk on an ongoing basis.8

Establishing the Context

Risk Identification

Risk Analysis

Risk Evaluation
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Figure 1. Overview of the QbD Mode.
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ICH Q9 Quality Risk Management provides guidance, principles 
and examples of tools for quality risk management that can be 
applied to setting up a risk management system.9

Identifying risks

The first step of risk assessment – identifying risks – seeks to 
detail the risks to be managed throughout the clinical study 
lifecycle. As compared to other types of clinical trials, identifying 
the risks associated with rare disease studies involves a greater 
emphasis on defining and understanding a host of critical 
disease-, drug-, and study design-related factors. This involves 
researching all available historical information, which is often 
limited for rare diseases. 

The risk identification process involves a systematic use of 
information to identify hazards that includes the risk question 
or problem description. This information can include historical 
data, theoretical analysis, informed opinions, and the concerns 
of stakeholders. Risk identification addresses questions related 
to “what might go wrong?” and helps uncover the possible 
consequences.9, 10 

Factors related to the disease and the investigative drug include:6

++ Understanding the natural history and abnormal state of 
the disease

++ Determining the disease manifestations which are most likely 
to show up in the disease under study and when they would 
be expected to manifest

++ Outlining the drug’s intended mechanism of action across 
a wide spectrum of disease severity and phenotypes

Factors related to study design include:6

++ Deciding what trials to use for design and conduct of pivotal 
trials to assess safety and efficacy, taking into account study 
duration and selection of subpopulations

++ Selecting outcomes that may more accurately measure 
the manifestations of the disease as compared to 
current measures

++ Developing new biomarkers that may provide proof of concept 
or early safety detection

++ Designing prospective studies that consistently capture 
medical terms/data that will be applicable to future studies

++ Defining efficacy endpoints for the disease

++ Selecting patient assessment tools

++ Considering post-marketing data

++ Determining whether there is sufficient data available to 
assess risk

++ Determining whether subjects would be exposed to 
unreasonable risk

A thorough understanding of these factors is paramount, as each 
of these factors could have an impact on the study protocol.

Analyzing risks

When reviewing a protocol that deals with a rare disease 
population, there are special considerations that should be 
reviewed, as well as standard requirements that would be 
applicable to any clinical trial. 

In the FDA Q9 Quality Risk Management Guidance for Industry, 
based on ICH Q8 Pharmaceutical Development, Risk Analysis 
is defined as the estimation of the risk associated with the 
identified hazard. It is considered to be the qualitative and 
quantitative process of linking the likelihood of occurrence and 
severity of harms.10
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Special considerations for the rare disease population include:6

++ Does the unmet medical need of this vulnerable population 
affect the decision to participate in the study?

++ How should well-characterized efficacy endpoints be selected? 
When selecting a patient outcome to be used as an outcome 
measure and the times in the study when the patient will be 
assessed, sponsors/CROs must consider:

–– The disease/disease manifestation (disease natural history)

–– The clinical characteristics (manifestations and timing) of 
the specific population being targeted by the drug

–– Which aspects of the disease are meaningful to the patient

–– Which aspects of the disease might be affected by the 
drug’s activity (influenced by the pathology of the disease 
and prior experience)

–– What patient assessments exist or might be refined or 
developed for use as outcome assessment tools

++ What tools should be used for outcome assessment?

Consider available assessment tools and assess their suitability. 
If needed, develop new assessment tools, or modify existing 
ones, to maximize time to development and to evaluate a new 
tool before relying upon it as the basis of an endpoint of a clinical 
trial. When evaluating assessment tools, consider the following:

++ Validity – how well scores will be used to define study 
endpoints.

++ Reliability – including inter-rating and intra-rating (test-
re-test) reliability which is especially important for a small 
number of patient trials.

++ Feasibility – including expense, tolerability, and availability 
of specialized equipment or skills necessary to perform the 
assessment. In rare disease trials, these are often conducted 
at a small number of centers having specialized equipment 
where patient travel may be a problem. In other cases, 
patient assessments capable of detecting small changes may 
rely upon procedures that are difficult and may not be well 
received by patients.

++ Resistance to bias. It is important to ensure that you have 
an assessment that is less readily influenced by a patient’s or 
investigator’s knowledge of treatment assignments.

++ Ability to detect change. The more detailed the assessments 
are combined with reliability, the more potential to detect 
smaller change in disease manifestation that it is intended to 
measure.

++ Relationship to meaningful symptoms or function. While some 
assessments directly measure symptoms or functional abilities 
(important for understanding treatment benefit), other 
assessments such as clinical outcome and certain biomarkers 
(used as surrogate endpoints) are used to predict clinical 
benefit. It is important to consider both of these relationships.

++ Clinical interpretability. The clinical meaning of changes in an 
outcome assessment should be understood within the content 
of the disease and population under study to determine the 
final benefit-risk determination made by the FDA for granting 
marketing approval.

The standard requirements for 
analyzing risk include those that 
examine whether the study conforms 
to generally acceptable scientific 
principles and adheres to guidelines 
on the protection of human subjects.
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Evaluating risks

When reviewing a protocol and evaluating risk, it is important 
to engage a multi-disciplinary team that includes physicians, 
statisticians, investigators, patients and even patient advocacy 
groups, if possible. The evaluation of overall risk requires a wide lens 
that examines the entire lifecycle of the project, from study design 
to study close-out. 

In the FDA Q9 Quality Risk Management Guidance for Industry, 
based on ICH Q8 Pharmaceutical Development, Risk Evaluation 
compares the identified and analyzed risks against a given risk 
criterion.10 In this risk assessment stage, the robustness of the 
data is important because it is related to the quality and help 
in identifying any weakness in the output of the data. This is 
also where risk scores are used to further define descriptors in 
risk ranking. In quantitative risk assessments, when a numerical 
probability is used, it can be extremely helpful in predicting the 
likelihood of a specific consequence in occurring, especially when 
combined with a qualitative descriptor, such as high, medium, or 
low.

During this stage of risk assessment, it is important to determine 
what factors influence the likelihood that the risk would occur. Are 
there factors that increase or decrease the probability of risk? In 
addition, you will want to identify and understand the conditions in 
which the risk could occur, and who it would affect (i.e., the patient, 
the study staff, the institution, etc.).

It is also important to consider how the performance or outcomes 
of a process or external environmental conditions may influence 
risk. A good example of external factors that impact clinical trials is 
the challenges faced by patients participating in trials. Oftentimes, 
these subjects may be located in remote areas with inadequate 
geographical infrastructure making it difficult to attend visits. In 
addition, there may be issues with maintaining the drug at a certain 
temperature if the patient is storing the drug at home.

Generally Acceptable  
Scientific Principles

Protection of Human Subjects

Does everyone who reviews the protocol 
have a thorough understanding of all 
scientific information?

Is the protocol design validated and clearly 
described?

Have all foreseeable risks been described 
prior to study start-up? 

Do the anticipated benefits outweigh the 
risks? 

Does the protocol meet its safety objectives? Will the protocol include feedback from 
patients and patient advocacy groups?

Will the protocol be able to enroll enough 
patients to constitute a statistically valid 
sample size or will you develop a plan to 
combine patient pools?

Does participation in the placebo-controlled 
arm of the trial place patients under 
additional safety harms?

Will a placebo-controlled trial be considered 
acceptable under the conditions under study 
when other acceptable treatment options 
exist?

Are there potential conflicts of interest that 
exist among the staff conducting research, 
e.g., a physician that is both a patient clinician 
and researcher?

Is the subject selection process fair and 
equitable or are you only recruiting those 
with the most potential benefit to gain 
from treatment?	

What methods will be used to minimize 
patient bias relative to study conduct, 
assessment, effects of treatment and results?

Does this treatment have value for the 
general society as well?
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There may also be external factors affecting sites conducting 
studies in certain geographic areas that may face certain 
challenges on being able to ship lab samples in time for pick-up 
due to their size and location or challenges of staff turnover.

If risks do occur, what other related factors could influence 
the impact and outcomes of those risks? Risk outcome 
factors include:

++ Business and financial impact, if the drug is not approved

++ Safety issues that jeopardize patient safety

++ Regulatory penalties, if there are serious data integrity issues

++ Public perception and lack of trust in the clinical trial/drug 
approval process and its ability to produce a safe and 
effective drug

An impact assessment is useful for prioritizing risk and 
understanding the level of action required to address each 
risk. The development of a risk matrix helps to categorize risk 
according to probability and impact. As explained in the FDA 
Q9 Quality Risk Management Guidance for Industry, based on 
ICH Q8 Pharmaceutical Development, identified risks should be 
assessed and prioritized by considering:10

++ The likelihood of errors occurring

++ The impact of such errors on human subject protection and 
trial integrity

One way to look at the risk profile for a rare disease study is to 
create a risk matrix which ranks threats on a number scale to 
deliver a risk score: 

Risk Description
Probability

(1-5, where 1 = low  
and 5 = high)

Impact
(1-5, where 1 = low  

and 5 = high)

Risk Score
(Probability x Impact)

Small sample size – 
sufficient for analysis

5 2 10

Informed consent – 
free from bias

4 3 12

Widely distributed 
population

4 2 8

Study design with 
inappropriate end 
points

2 5 10

Choice of correct 
comparator/use of 
placebo

2 4 8

Designation criteria 
not fully addressed in 
the protocol

3 4 12

Significant benefits 
not addressed

3 4 12
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However, risk matrices can lead to ambiguity as one can 
mistakenly assign higher qualitative ratings to quantifying risks 
that are perceived to be smaller, i.e., have less impact or are less 
likely to occur. As such, a risk matrix for a rare disease may be 
more useful if likelihood is plotted against impact and then color 
coded like a traffic light, with red representing the most critical 
risk and green representing the lowest risk: 

Managing risks

Once the key risks have been identified, how will you manage 
them? Important considerations for managing risk include:

++ Are the staff evaluating the risk appropriate? Do they have the 
correct background/expertise to evaluate and assess the risk? 
This means that they must be able to adequately assess what 
controls are currently in place to manage the risk and identify 
the gaps needed to close the risk.

++ Are the staff evaluating the risk trained to conduct a risk 
impact assessment on the likelihood of the risk occurring as 
well as the impact if the risk occurs? 

When managing risk which is a part of the decision-making 
required for the risk control/risk mitigation process, the sponsor 
has two options to reduce and/or accept the risks: 

1.	 Accepting the risk. The FDA calls this Risk Acceptance, the 
formal decision to accept the risk when it exceeds a specified 
or pre-determined acceptable level.10 Considerations for 
accepting the risk include evaluation and an action plan.  
For example:

–– There is no acceptable alternative for project continuation. 
If this is the case, justification should be provided and 
controls should be put in place. 

–– The benefits outweigh the risk. Again, justification should 
be provided to support this decision. 

–– Note: Risks may be deemed to be acceptable if they have 
a limited impact on a subject’s safety and rights, including 
data integrity and data reliability.11 

Negligible Marginal Critical Catastrophic

Certain Small sample 
size

Likely
Widely 

distributed 
population

Designation 
criteria not 
addressed

Possible Informed  
consent bias

Correct 
comparator/use 

of placebo

Inappropriate  
end points 
collected

Unlikely
Significant 

benefits not 
addressed

Rare

IMPACT

LI
K

EL
IH

O
O

D
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2.	Determining that the risk is unacceptable.The FDA calls this Risk 
Reduction, the process for mitigation or avoidance of quality risk 
when it exceeds a specified or pre-determined acceptable level.10 
If the risk is not acceptable, this risk mitigation must be specified 
in a risk mitigation plan. In this case, the sponsor must choose 
one of the following options: 

–– Avoiding the risk by putting preventative measures in place

–– Transferring the risk through contracts and/or insurance and 
indemnity policies 

The purpose of managing the risk is to bring the risk down to an 
acceptable level to manage the risk. It is important to remember 
that the amount of effort applied to risk control is directly 
proportional to the significance of the risk. 

In order to properly evaluate risk, the following questions are 
applicable:11

++ When the risk occurs, is the risk occurring at a higher than 
expected level?

++ What do we know about the risks that are occurring that can be 
applied to reduce or eliminate the risks?

++ For the risk that is occurring, what is the appropriate balance 
that we need to achieve between risks, benefit, and resources?

++ Are new risks occurring as a result of trying to control the risk 
that we are aware of?

Examples of mitigation actions to address risks include:

++ Written procedures from the Quality Management System

++ Detailed contracts clearly defining roles and responsibilities,  
e.g,, sponsor versus CRO delegation of responsibilities

++ Responsibilities detailed within communication plans, safety 
plans, monitoring plans and risk management plans for all parties 
involved in conducting the clinical study

++ Quality service agreements for internal and external vendors 
detailing responsibilities

Putting QbD into practice: a case study  
on risk-based monitoring12

Premier Research was challenged with developing a risk-based 
hybrid approach of reduced monitoring for a small Phase II trial which 
combined targeted monitoring (monitoring 100 percent of critical 
study endpoints, required safety assessments, withdrawals, Informed 
Consent, Protocol Eligibility Criteria, test article administration and 
accountability, and maintaining the blind) and remote monitoring (for 
some of the key variables captured through electronic data capture). 
In this approach, monitoring was utilized as an adjunct to other data 
management tools designed to identify risks early in the study.

Other key considerations for developing a proactive risk-based 
monitoring strategy included:

++ Collecting the correct data through a well-designed and articulate 
protocol that was tailored to eliminate or mitigate risks

++ Focusing on a well-controlled trial

++ Including cross-functional, quality surveillance metrics

++ Establishing criteria that would be required for on-site versus 
remote monitoring 

++ Setting up appropriate edit checks to allow for quick assessment 
of data

++ Writing electronic data capture (EDC) programs to apply 
specific variables that could flag certain issues that would need 
further investigation, such as data irregularities, outliers, and 
missing values 
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++ Creating a monitoring plan that would specify hybrid approach 
and identifying a risk mitigation plan that would trigger a 
change to the monitoring plan

++ Identifying the Key Threshold Triggers that would represent 
a high risk and would require a return to 100 percent source 
document verification (SDV). These triggers might include: 
1) study coordinator not ready for monitoring visit and has 
outstanding action items, 2) serious and continuing patterns of 
deviations, 3) unreported adverse events/serious adverse events, 
and 4) signs/symptoms of Investigator un-involvement at the site.

Based on these requirements and key considerations, Premier 
Research first developed a Risk Matrix to determine the relative 
levels of risk associated with different percentages of SDV:

Then, Premier Research created a three-tier system for division of 
labor for monitoring tasks:

Tier 1 – 100 percent SDV model
The plan began with 100 percent source document verification 
(SDV) applied to all types of on-site monitoring visits: site 
qualification visits (SQV), site initiation visits (SIV), interim 
monitoring visits (IMV) and close-out visits. A percentage 
of study subjects were selected to have 100 percent SDV 
performed and then, if no risks were found per the Risk 
Matrix Table, the model moved into the Tier 2 stage. This 
approach is based on FDA guidance to sponsors of clinical 
investigations in developing risk-based monitoring strategies 
and plans for clinical trials. This guidance makes it clear 
that sponsors can use a variety of approaches to fulfill their 
responsibilities for monitoring clinical investigator conduct 
and performance in clinical trials. It also encourages greater 
use of centralized monitoring methods, where appropriate.12 

Tier 2 – Targeted monitoring/reduced SDV model
This model was based on a reduced form of SDV, based upon the 
risk assessment determined and assigned for each data point 
being collected for this study and as per the Risk Matrix table. 
This approach utilized traditional on-site monitoring for SQV 
and SIV and remote training for site personnel through WebEx. 
Of note, the FDA recommends that sponsors/CROs who utilize 
this approach should ensure that the process and expectations 
for site record keeping, data entry, and reporting are well-
defined and that access to clinical trial data and supporting 
documentation is timely. In addition, FDA states that if the 
sponsor/CRO intends to rely heavily on centralized monitoring 
practices, this should be included in the monitoring plan when 
one or more on-site monitoring visits would be indicated.12

Tier 3 – Remote SDV model
The remote SDV model focused on EDC smart tools such as EDC 
programs/queries written to supplement on-site and reduced 

Risk Level 
Assigned

100% SDV 
Reduction Protocol Required Data Types

High Risk 100% SDV

•	 Inclusion/exclusion data
•	 Primary/Secondary datapoints
•	 Tolerability datapoints
•	 Data required by regulations to be monitored at 100% 
•	 IP Accountability Issues
•	 IP Medication or dosing issues 

Medium 50% SDV •	 Safety or exploratory endpoints data outside of EDC 
data capture tool

Low 25% SDV required •	 Safety endpoints available through EDC data  
capture tools

Marginal
10% SDV of 

these variables 
performed

•	 Non-critical data 
•	 Tolerability data; e.g., captured via subject 

questionnaires 
•	 Non-critical exploratory assessment data 
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SDV monitoring. These tools focused on tracking pre-identified 
critical data variables, which were continually assessed to 
determine whether a return to targeted monitoring/reduced 
SDV or even to 100 percent SDV was required.

In the Remote SDV model, SDV was conducted only against 
completeness and quality of EDC data utilizing a variety of 
systems, data, and reports such as IWRS, central lab listings, 
protocol assessments, compliance, deviations, assessment of 
data, and query resolution against scanned certified copy. This 
approach is supported by the FDA guidance, which provides 
the following examples of where the frequency of on-site 
monitoring with monitoring activities could be done as well 
or better remotely or with monitoring activities that could be 
accomplished using centralized processes:

++ Review of data through statistical analysis to identify data 
trends not easily detected by onsite monitoring (e.g., 
standard checks of range/consistency/completeness of 
data or checks for unusual distribution of data within and 
between study sites)

++ Verification of critical source data remotely where source 
data are accessible, or where CRF data are, according to the 
protocol, source data

++ Monitoring data quality through routine review of submitted 
data to identify and follow-up on missing data, inconsistent 
data, data outliers, and potential protocol deviations that 
could show systemic or significant errors in data collection 
and reporting at a site

Tier 1: 100% SDV Tier 2: Targeted Monitoring Tier 3: Remote Monitoring

Criteria for the first arm of 
the study: 100 percent source 
document verification (SDV) 
was performed for the first 
five subjects.  

Criteria for the second arm 
of the study: 100 percent 
SDV on the first two 
randomized subjects, and 
then a random sampling 
pattern of 100 percent 
of enrolled subjects was 
specified.  

This approach was based 
on the Risk Matrix table 
and review of 100 percent 
key critical variables which 
included data such as: 

•	 Informed consent forms

•	 Subject’s disease history

•	 Inclusion/exclusion

•	 Subject’s first/last dose

•	 Treatment status forms

•	 Subject assessment forms

•	 Adverse events

•	 Unscheduled visits

This approach focused 
on review of EDC critical 
variables and trends of data 
to pick up issues. 

This type of review 
focused on critical data 
points such as:

•	 Adverse events

•	 Protocol stopping rules

•	 Early termination

•	 Treatment termination

•	 Missed protocol required 
test

•	 IP accountability issues

•	 Enrollment violations/
deviations

A risk-based hybrid approach of reduced monitoring
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Engaging with regulators

In the rare disease market, clinical trials must be conducted 
right the first time as the small patient population under study 
and potential life-threatening complications make these studies 
challenging and, often, costly. In addition to having a successful 
Quality by Design Program, early engagement with regulators is 
recommended, along with a supported clinical plan that includes 
key documentation of disease natural history and translational 
research, among other things.

Collaborating with a CRO

Working with a CRO can help ensure quality throughout the 
clinical trial by having appropriate quality and operational risk 
management plans and real-time data dashboards in place 
before the start of the trial to anticipate known and unknown 
risks so that risks are mitigated on the lowest level possible 
to produce high-quality data. CROs can also help sites focus 
on meeting their site enrollment goals to ensure that the right 
patient is recruited, after careful review of all inclusion and 
exclusion criteria is met while at the same time ensuring that the 
right data is being monitored and that patient safety is being 
protected. 

Conclusion

In rare diseases, where every data point counts, the likelihood of 
a successful, quality trial can be dramatically improved through 
prospective attention to preventing errors that could undermine 
the ability to obtain meaningful information from the trial.13 
QbD is based on the premise that quality must be built into the 
design and conduct of a clinical trial from inception. Focusing 
on quality goals throughout the process of designing a clinical 
trial program helps to ensure high quality and performance 
outcomes. By creating a structured risk assessment framework 
that engages all stakeholders and facilitates efficient decision 
making, a QbD approach helps sponsors implement preemptive 
project management and proactive risk mitigation to improve the 
probability of success.
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