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Surrogate endpoints: when to use and
when not to use? A critical appraisal of
current evidences

Abstract: Clinical research needs to formulate a question, which must
be answered by obeying ethical precepts with well-defined inclusion/
exclusion criteria and approval of the study on platforms of ethical
appreciation and clinical trial records. In comparing the results or
clinically relevant outcomes should be prioritized in the study of
techniques, products, inputs, drugs and therapies. However, it is not
always possible to use long study drawings, with many participants,
and with many costs, then look for study designs with surrogate
outcomes, usually a shorter path, with less sample size and considerably
lower costs to the research, with shorter intervention time. Considering
these outcomes as major challenges in clinical research, the premise
of this work was to examine in relevant research platforms, studies
on the feasibility of using surrogate endpoints for clinically relevant
parameters in dentistry, with a critical evaluation of the advantages,
disadvantages, and need for validation of substitute parameters
for clinical studies. After a critical analysis of the results, it could be
concluded that surrogate endpoints may have an important role in the
initial process of developing new drugs, faster, with less sampling, and
lower risk of side effects for the patient. Careful use of the surrogate
endpoints is advised because, even if validated, they can provide
ambiguous evidence and not be extrapolated to other populations, and
may lead to bias due to the individual interpretation of each researcher.
The use of unplanned surrogate outcomes that arise during the study
requires a lot of caution.

Keywords: Dentistry; Clinical Trials; Ethics; Biomarkers.

Introduction

The most current concept of health is “the perfect and harmonious
physical, mental, social and spiritual well-being, not simply the absence
of disease”.'** The wide dissemination of scientific results should be
encouraged so that the benefits from the knowledge generated by the
research groups could reach the common public, according to John Ziman'’s
precepts with his post-academic science.*

The focus of health researchers should be on the individual and not on
the disease. To start a clinical research, the researches need to formulate
a question. The “questions” were divided into what, how, for what, what,
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why, where, and new attributes were also included
such as who? for whom? how many? For the correct
formulation of the question, which will generate the
entire process of research development, the following
was used: “When you do not know where you are
going, any path leads you anywhere”.

In addition, two premisses need to be on the
researcher’s mind: explain the formulation of a
question and describe the title formulation.’ It is
also suggested, based on the new focus of clinical
research with humans, to predict the possibility
of being a possible source (Randomized Clinical
Trial) of protocols for systematic reviews (SR).
The goal is to seek conclusions based on scientific
evidence to guide researchers, professors, clinical
professionals, and, most importantly, clients, in the
case of Systematic Reviews that follow the Cochrane
Collaboration model.®

In this sense, fundamental elements are
configured for the planning of a relevant clinical
study, in addition to defining the participants, the
comparisons, the type of study, the potential benefits
of the study for the research subjects and the types
of clinical outcomes.*”%?

The golden rule for comparing clinical treatments
in humans is always emphasizing the search for
clinically relevant outcomes (also the importance
of focusing studies and results on the individual, on
the client). However, it is not an easy task to plan,
recruit, fund and develop controlled, randomized,
crossover clinical studies - especially the desirable
multi-center studies that can last for years of hard
work. Therefore, it is increasingly sought to use
surrogate clinical outcomes for the development
of clinical studies, especially those in phase II, and
eventually, after evaluation of the results obtained,
it is logical and ethical to attempt a correlation with
the primary outcomes by statistical methods, and
with the use of validated endpoints in the literature.

Surrogate clinical outcomes have already been used
in medicine, including many studies that validate
surrogate clinical outcomes, thus increasing their
value and acceptance.”!"

There remains a greater discussion on the use
of secondary clinical outcomes, or surrogates, or
substitutes, in clinical dental practice. Therefore,
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scientific research should seek even greater basing
and validation of these outcomes so that they can be
used, in particular in the development of techniques
and drugs in Phase Il studies, always obeying ethics
and good research practices in humans. Thus, this
paper aims to conceptualize clinical endpoints as
well as critically assess when surrogate endpoints can
and when they should not be used to the detriment
of clinical studies aimed at primary or clinically
relevant clinical outcomes.

Methodology

The articles were searched in databases such
as PubMed, Cochrane Library, SciELO, EMBASE,
from 1980 to 2019, using the keywords “surrogate
endpoint”, “surrogates outcomes”, and “Randomized
Clinical Trials”. A critical and conceptual evaluation
of the importance of the use of surrogate endpoints
in dentistry, methods of validating the results,
as well as the necessary care for their use, were
analyzed, discussed and, consequently, some
conclusions or indicatives of uses and limitations
were proposed.

Results

Stating the types of outcomes in clinical
research

The outcome of a clinical trial should necessarily
meet three criteria: a) Be interpretable and measurable;
b) Be sensitive to the purpose of the study and; c) Be
clinically relevant;”®° In clinical research, the main
goals are to address the relevant clinical outcomes,
main or real, defined as follows: “A hard clinical
outcome (primary) directly measures clinical key
benefits for the participants, for example, survival
or reduction of the effect of a disease”.”"! Primary
clinical result of a research is the “true impact of the
disease on the patient’s life”. The patient feels about
the outcome of the research, is morbidity (quality of
life) or mortality (survival time). Primary outcomes
are events, variables or experiences that are measured,
because it is supposed to be influenced by the type
of intervention under study. The expected outcome
that was used by the investigator to calculate the
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sample size (number needed to treat - NNT) and/
or determine the effects of the interventions, was
applied in phase III clinical studies. Finally, the
findings, outcomes, endpoints, “results” observed
at the end of the study.>”"31

Randomized controlled trials (RCTs) are the most
reliable way to obtain answers about the efficacy
and safety of interventions in clinical practice. An
ideal primary outcome should examine a clear
and compelling benefit to the patient (subject,
research subject). Final endpoints such as myocardial
infarction, stroke, hospitalizations for heart failure
(morbidity), and death (mortality) are clinically
relevant and should be considered in clinical trials
evaluating therapies with broad application potential
as exemplified in Table 1.57101214

The conceptualization of a surrogate outcome
may thus be defined: “A surrogate outcome is a
laboratory measure or signal or physical symptom
used as a substitute for a clinically relevant outcome,
which measures directly how a participant feels,
acts, or survives. It is what “the patient feels, reports
or presents”. Thus, it is desirable that the changes
produced by a therapy in a surrogate outcome reflect
the changes in a clinically meaningful outcome, there
must be an association between the response by
surrogate measures and the response by true clinical
outcomes, only with the bias temporal 7811213151617

In the absence of a table summarizing the
specific clinical outcomes for dentistry, based on
the literature searched in relevant clinical studies

specific to each clinical situation and/or disease,
we elaborated Table 2. Several types of outcomes
can be evaluated in clinical studies with new or
existing drugs, for example. We must consider that
in addition to its advantages and disadvantages,
there is a hierarchy in the levels of clinical evidence
provided by outcomes:>'8-192021

Level 1: A direct measure of clinical benefit (i.e.,
a major outcome);

Level 2: A validated substitute outcome;

Level 3: A substitute outcome not validated, but
which is reasonably capable of indicating clinical
benefit and;

Level 4: A correlation that is only measure of
biological activity, unrelated to clinical benefit.

This finding is essentially important because,
as a rule, the pharmaceutical industry usually tries
(and succeeds) in convincing physicians on the use
of substances of unproven clinical benefit, using
only arguments of surrogate outcomes. This is very
common with antihypertensive, diuretic, as was
with thalidomide, with the first non-steroidal anti-
inflammatory specific COX-2 inhibitors, just to name
a feW eXamples.12'20'22'34'37'44

On the other hand, it is undeniable that clinical
trials with hard endpoints require: a) High Costs; b)
Long development time; ¢) Complex planning and
organization; d) Large sample size; e) Long follow-up
time” and we dare to add f). Ethical considerations (the
subject of the research, the individual as the research
center, increasing risks of unwanted side effects).

Table 1. Some samples of true endpoints and surrogate endpoints in medicine.

Research condition

Hypertension

Cancer Death

Diabetes Cardiovascular events

Alzheimer disease

Vaccine Disease protection

Osteoporosis

Short Final height of the individual

Glaucoma

Cerebral infarction

Atherosclerosis

Acute myocardial infarction

Modified from Coutinho,’” Piantadosi'® and Karberg and Speers.!

True endpoints

Cardiovascular events

Death/functional evaluation

Bone fracture

Loss of vision

Surrogate endpoints
Arterial pressure
Tumor size
Glycaemia
Brain image exam
Serological response
Bone density
Height gain
Intraocular pressure

Arterial pressure

Cholesterol dosage
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Table 2. Some samples of True Endpoints and Surrogate Endpoints in Clinical Dentistry.

Research condition True endpoints

Dental caries Pain

Periodontal disease Dental loss
Pain
Pulpitis
Dental loss
Pain
Anesthesia Pressure
Cure

Herpes simplex T-1 No Recurrence
Failure

Dental implants Implant loss

Surrogate endpoints
Thermal and/or electrical testing
Clinical attachment level
Bleeding on probing
Probing pocket depth
Radiographic control
Absence of clinical symptomatology
Clinical signs/symptoms
Degree of satisfaction (questionnaires)
Absence of fear
Injury healing time
Satisfaction questionnaires
Absence of symptomatology
Survival rate
Clinical and radiographic controls

Peri-implant bone loss

Constructed based on the specific literature for each condition/disease researched in the main databases, and in the clinical practice of the

authors of this work.

Surrogate endpoints in dental clinical
research

As previously discussed, a surrogate outcome is
information obtained in a complementary examination,
which the patient does not feel. When doing a carotid
Doppler, it can demonstrate atherosclerosis. If the
patient is asymptomatic, this observed atherosclerosis
is a substitute outcome of a future stroke that may
occur, even if there is no guarantee. It is therefore
a prediction. Similarly, there is no guarantee that
a treatment that improves this atherosclerosis will
reduce the likelihood of stroke.'"’3*?

Surrogate clinical outcomes can occur in two ways,
either they are predicted (planned) prior to the start
of a study, or is information that comes up during the
study (unplanned), and is used to evaluate “additional
intervention effects”. A surrogate outcome may involve
the same event, variable or experience of the primary
outcome, but measured over a different period. The
surrogate outcome may also be related to different
events, variables, or experiences. They are usually
measures of the disease process and are considered
“surrogate markers” or “intermediate measures”
where results are usually laboratory measurements,
clinical measurements (such as periodontal probing)
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or imaging studies (radiographs, models, CT scans)
a clinical event of interest.5%11222

Discussion

Surrogate endpoints: when to use?
Substitute outcomes are used because they can:
i. Be measured earlier; ii. Generally are convenient
or less invasive, and iii. Can accelerate the approval
process of a new technique, a new drug, a new
material (in our case, dental). Additional advantages
are: their use may likely reduce the sample size of
clinical trials, shorten its duration, and thus reduce
its cost. Using surrogate endpoints also exposes fewer
study participants to the risk of adverse reactions to
the study product. There are a number of examples
of surrogate endpoints in clinical trials, including
dentistry.??*?>% In the present study, the results of
the present study are presented in Table 1 and Table 2.
As a rule, when a clinically relevant outcome is
used, it is adopted in the final confirmatory clinical
study, with a larger “n” sample of patients (phase III)
of a new health therapy, while a surrogate outcome
is mostly often used in initial exploratory studies
(phases I and II) of the study product or therapy.
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The regulatory authorities (ANVISA-Brazil, CDC-
USA and WHO) may require the use of a primary
clinical outcome, rather than a surrogate clinical
outcome, as the most important health indicator in
clinical studies for a specific disease. Such events are
rare because many individuals need to participate
in confirmatory studies. However, in the initial
exploratory phase of a new therapy, it is common to
use a surrogate outcome, since it reduces the sample
size, the duration of the study and, considering the
source of research funding, substantially lower costs.”

For example, in studies of cardiovascular problems,
blood pressure and cholesterol levels are commonly
used as surrogate measures, whereas true clinical
outcomes are myocardial infarction and death.?

In the case of dentistry, for the study of a new
type of intervention to treat periodontal diseases,
where the clinically relevant outcome would be dental
loss, one can use the following surrogate endpoints:
a) clinical attachment level; b) Bleeding on probing
and c) probing depth. In order to evaluate a new
dental implant design, or even a new implant and
abutment material, the clinically relevant outcome
would be failure (absence of osseointegration)
and implant loss, whereas the following surrogate
outcomes can be evaluated initially, with lower costs
and follow-up time: a) survival rate of implants;
b) clinical and radiographic controls and c) peri-
implant bone loss.!¥23%.2

In addition, in interdisciplinary and even
transdisciplinary work, the use of surrogate outcomes
has gained important ground. The association
between gingivitis and periodontitis as chronic oral
diseases and brain diseases affecting small blood
vessels (stroke, dementia, Alzheimer’s disease) was
studied by Aarabi et al.*® With the use of surrogate
endpoints (magnetic resonance imaging, evidence
of cerebrovascular ischemia, acute ischemia and
stroke), researchers have found evidence of worsening
of this pathogenesis when periodontal diseases are
associated. They suggest, however, large cohort studies
to be able to further substantiate this correlation.

In a systematic review supplemented with
meta-analysis, there were studied in the elderly
(>65 years): a) prevalence of endodontically treated
teeth; b) prevalence of periapical lesions in non-

endodontically treated teeth; c) prevalence of
radiolucency in endodontically treated teeth using
periapical radiographs (periapical radiolucency as
surrogate). This type of outcome made RS possible with
MA because it was a prevalence and non-incidence
study, which in this case would be a major outcome.*

Measurements of breath expelled by volunteers
have been studied as possible surrogates for
examination of blood samples from individuals
with systemic diseases such as diabetes mellitus.
The ketone odor characteristic of the air expelled
by people with diabetes (beta-hydroxybutyrate /
acetoacetate and acetone) produced by the body to
supply the lack of energy sources in cases of glucose
shortage was measured. Thus, it is possible to avoid
the use of traumatic methods such as needles and
blood collection devices for glycemic dosages.?*!

In particular, periodontal literature has
been discussing the use of secondary endpoints
(measurement of clinical attachment loss or clinical
probing depth) as substitutes or surrogates for tooth
loss due to periodontal disease. However, substitute
outcomes are not always found for other areas of
dentistry. Thus, researchers developed a new tool,
called “clinical success parameters” (CSP), based
on three clinical performance criteria: a) biological
parameters; b) technical parameters; and c) quality
of life parameters, to be used in pre, trans and
posttreatment, with fulcrum in calculations of changes
in follow-up and the use of weight of the findings,
with a focus on the professional, patients, technical
and biological aspects.”

Surrogate endpoints: when | should not
use them?

Because surrogate or intermediate outcomes
are laboratory, imaging, clinical or physiological
(functional) parameters, they generally do not have
statistical power to evaluate clinically relevant
outcomes. Thus, in the antihypertensive treatment,
reduction of the P.A. is a substitute outcome of the
reduction of stroke (clinical outcome). Gain in the
clinical attachment level is a surrogate outcome, while
dental loss is a major clinical outcome.”*

Even if there is a solid pathophysiological basis,
or by confirmations of images (x-rays, scans, study
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models), they should not serve as the basis for decision
making in clinical practice. There are a number of
examples in medicine and dentistry that support
this assertion and should alert us to be careful in
making therapeutic decisions based on studies using
surrogate endpoints.!¥1732333435

Thus, Lee® proposed the need to evaluate and
validate surrogate endpoints for peri-implantitis
clinical studies (already questioned), since most of
the true outcomes (i.e., implant failure) preferred in
these studies hampers the establishment of therapies
for the treatment of peri-implantitis, because implant
failure data are presented only as a consequence of
therapy and not as an objective of an investigation.
Thus, the author reports that surrogate outcomes
such as: a) average probing depth of the peri-implant
pocket; b) mean level of clinical attachment on the
implant and; c) average bleeding on probing is still
little mentioned in the literature, which does not yet
provide evidence-based robustness that should be
confirmed by long-term studies. The need to validate
surrogate endpoints as an alternative to clinically
relevant outcomes has also been advocated and
encouraged by Buyse et al.,”® through meta-analyzes
of randomized clinical trials.

A literature review of four types of outcomes
was carried out in randomized clinical trials on
the treatment of periodontitis: a) typical number
of outcomes per randomized clinical trials (RCT);
b) the proportion of RCTs using the same outcome;
¢) the proportion of RCTs using true outcomes and;
d) if the choice of treatment influenced the choice
of outcome. The authors concluded that the use of
multiple surrogate outcomes led to false-positive
and false-negative conclusions, and that the selection
and validation of outcomes in RCTs may be an
important element in the resolution of controversies
over periodontal treatments.?%

Surrogate outcomes that allow predicting the effect
of clinically relevant treatment on the outcome of
interest are important when it is difficult or expensive
to measure the primary outcome. However, there are
situations in which the effect of the treatment on the
surrogate outcome is positive, the surrogate and the
result are correlated in a very positive way, but the
treatment effect on the primary outcome is negative.
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This is the phenomenon called the “substitution
effect paradox”.3

Infective endocarditis (IE/EBSA) still raises
many controversies regarding the use or not of
antibiotic prophylaxis, both from the point of view
of dentists and cardiologists. A systematic review
with very careful meta-analysis was developed
to try to remedy the dilemma, since guidelines
for cardiologists and dentists advised restricting
antibiotic prophylaxis to high-risk groups (in
Europe and the USA) or were against their use (in
the United Kingdom-UK). The authors concluded,
however, that the current evidence base for antibiotic
prophylaxis use is limited, heterogeneous, and the
methodological quality of many studies is poor,
and note that post-procedure bacteremia is not a
good substitute endpoint for IE/EBSA.*

The search for effective cancer treatment should
allow patients to have a better or longer life and
ideally both as clinical trial outcomes. Substitute
outcomes such as time to progression or treatment of
the disease may be employed to identify preliminary
benefits. Nevertheless, their true validity as surrogate
outcomes is questionable because many agents
are involved, such as regulatory agencies, clinical
professionals, the drug industry and, of course, and
most importantly, patients and their families. Thus,
it is suggested that clinical studies and systematic
reviews should incorporate the parties involved to
assess what the future holds for the outcomes and
the type of clinical trial.

In practical terms, the approval of new products
under study with reference to the effects on a
substitute outcome involves an extrapolation
of the experience with commercial products an
experimental product not yet tested. There have
been several cases where treatments with a highly
positive effect on a proposed substitute have turned
out to be detrimental in true clinical outcomes. On
the other hand, there are cases of treatments that
provide clinical benefits, but with no measurable
impact on the proposed substitutes.”®37

The use of surrogate endings allows the work to
have a shorter follow-up, smaller sample size and
cost reduction. It is ideal for phase I and phase II
RCTs when it comes to the safety of an intervention,
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but it is inadequate when it comes to the conduct of
action that will influence the lives of many phase II1
patients. This is because physiological variables do
not guarantee the achievement of hard outcomes.*

Observing a set of volatile markers through
expired air measurements (true halitosis), may
allow the recognition and diagnosis of complex
diseases, such as lung or breast cancers, and have
been considered for studies as surrogate endpoints.
However, due to technical problems of sampling and
analysis, in addition to the lack of standardization,
there are enormous variations between the results
of the different studies already carried out, which
is why the analysis of breath expelled has not yet
been introduced in clinical practice, as routine of
substitute outcome. *

Grimes and Schulz?* have evaluated some
dangerous discrepancies between surrogate endpoints
and clinically relevant outcomes in clinical studies,
where consecrated drugs devoted to osteoporosis,
cardiac arrhythmia and cardiovascular disease
treatments in postmenopausal women, what actually
occurred in the patients involved in the studies was an
increase in the prevalence of bone fractures, increased
mortality and even sudden death. The authors cited
even that the maximum clinical: “A difference to be
a difference must make a difference” also applies in
clinical research.

Until the 1980s, experiences with a drug practically
ran out even before it was released. However, after
tragedies such as the one with thalidomide, health
authorities began to require manufacturers to be more
rigorous in controlling the safety of their medicines
even after their commercialization.”

Unfortunately, in order to guarantee a few more
years of exclusivity over the patent for lucrative drugs
(Vioxx case), laboratories have begun to seek new
indications for them. The case of Rofecoxib (Vioxx)
was emblematic. With the discovery (surrogate or
secondary outcome), that in addition to its proven
efficacy in the treatment of arthritis, the drug also
reduced intestinal polyps, and was also prescribed for
the relief of various types of pain, such as menstrual
cramps, toothache, myalgia, and migraine, this
advanced its launch in the market. However, the drug
was withdrawn from the market by the industry itself

responsible for its production, since it is believed
that between 88,000 and 140,000 cases of severe
heart disease have resulted from long-term use of
the drug.*0#

This true tragedy occurred mainly due to the delay
in the discovery of the adverse effect and its relation
with the drug, due to the inexistence of randomized,
controlled, large, long-term and multicentric studies
that aimed to evaluate the cardiovascular effects of
specific inhibitors of COX-2.41424344

For generations, dental students were instructed
to train clinical skills using their classmates as
surrogate patients. These skills include verbal and
communication skills (obtaining medical and social
histories - anamnesis), as well as practices such
as administration of local anesthetic by injection.
Largely, such practices within dental education were
accepted through “conventions.” The question is
whether the use of students in dental education as
surrogate patients can create issues related to free
and informed consent, coercion and confidentiality,
and whether this type of behavior is professional. **°

After extensive review of the current literature
and discussion of research methodologies in clinical
trials in dentistry, and in the absence of specific
guidelines for the correct and rational use of surrogate
outcomes in clinical practice, a flowchart is suggested
to guide good practices in clinical research in
dentistry. The goal is taking the patient as the
center of research, considering health holistically,
in the inseparability of physical, mental, social and
spiritual well-being (Figure).

Conclusions

Based on the current literature stipulated for this
research, we can conclude favorably to the use of the
secondary endings in the following situations:

a. Substitute outcomes may play an important
role in the initial drug development process
due to shorter follow-up time and sample
size, as well as the simpler methodology to
demonstrate the effect of the intervention on
important patient outcomes;

b. Evidence on the effects of an intervention based
on surrogate outcomes usually precedes, with

Braz. Oral Res. 2020;34(supp2):e074 7
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INTERVENTION / FOLLOW-UP FOLLOW-UP FOLLOW-UP
TREATMENT EXAMINATION EXAMINATION EXAMINATION

SUROGATE ENDPOINT /

Answer “yes” to the questions below could be a validation guide for
extrapolation of results for clinical application:

1. There is evidence of randomized trials in other classes of drugs that
improve outcomes substitutes has clearly led to a clinically relevant
outcome improvement?

2. Is there evidence of randomized trials in the same drug classes that
improvement in the surrogate outcome has clearly led to an improvement

in clinically relevant outcome? /

ARE THE RESULTS VALID?

Modified from Karlberg and Speers,'! Bucher et al.,'> and Wieczorek et al. 2°

Figure. Proposal of a flow chart of actions for validation of surrogate endpoints for application in clinical dentistry

less risk of side effects and lower cost, clinically
relevant outcomes for the patient;

The proven association between a surrogate
outcome and a (relevant) major clinical
outcome for the patient is essential to draw
appropriate therapeutic conclusions, provided
there is validation of scientific methods and
surrogate outcomes.

We can also conclude by suggesting very careful

about the use of secondary outcomes due to the

following facts:

a.

Thousands of lives may be lost unnecessarily
because of reliance on non-RTC-validated
surrogate markers for clinically relevant
outcomes;

The use of surrogate outcomes, even if validated,
may waste resources, provide ambiguous
evidence and may not be extrapolated to other
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