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Introduction

In medicine, we are constantly seeking new diagnostic
and prognostic tools. As a result, clinical variables, serum
biomarkers, imaging techniques, and novel predictive
models are continually being incorporated with the aim
of improving risk assessment and guiding clinical deci-
sion-making for our patients. However, a mere statisti-
cal association between a variable and a clinical outcome
does not guarantee its usefulness in clinical practice.

When a new marker emerges, its value lies not only in
its ability to predict events, but also in whether it provi-
des information capable of modifying a patient's risk es-
timation in a clinically meaningful way." In other words,
does it enable better decision-making?
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Every clinical evaluation begins with an estimate of
the pretest probability, based on medical history, risk
factors, relevant clinical findings, and complementary
diagnostic tests. On this basis, patients are typically
classified into categories of low-, intermediate-, or high-
risk, which guide specific diagnostic and therapeutic
strategies.? The incorporation of a new variable acquires
true value when it shifts an individual from one risk
category to a more appropriate one, potentially altering
the therapeutic approach.

This concept, known as risk reclassification, has
become increasingly important in the evaluation of new
biomarkers and predictive models.? In recent years, nu-
merous studies have shown that seemingly modest im-
provements in traditional measures of discrimination do
not always translate into clinically relevant changes. As a
result, methodological tools have been developed to as-
sess not only a model’s predictive performance, but also
its impact on patient classification and, ultimately, on cli-
nical decision-making.

The aim of this review is to describe the fundamen-
tals of risk reclassification, analyze its principal metrics,
and discuss its relevance for the critical evaluation of new
diagnostic and prognostic tools.

How Do We Evaluate a Predictive Model?

Traditionally, the performance of a predictive mo-
del has been evaluated based on discriminatory abili-
ty, that is, its capacity to correctly distinguish between
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patients who will experience an event and those who
will not.

The most widely used tool for this purpose is the Re-
ceiver Operating Characteristic (ROC) curve, which
represents the relationship between sensitivity and speci-
ficity for different cutoff points of a given diagnostic test.
The area under the curve (AUC) summarizes this dis-
criminatory ability in a single value, where 0.5 represents
discrimination equivalent to chance and 1.0 indicates
perfect discrimination. In general, the higher the AUC,
the better the model's ability to distinguish between pa-
tients with and without events.*’

The ROC curve allows us to visualize how diag-
nostic performance varies when the cutoff point of the
test is modified. Each point on the curve represents a
threshold value with a different balance between sen-
sitivity and specificity. One of the most commonly
used methods for selecting a cutoff point is the Youden
index, which identifies the value that simultaneously
maximizes both measures (sensitivity and specificity).
However, the statistically optimal cutoff point does not
always coincide with the most appropriate one from a
clinical perspective.

In practice, the choice of threshold will depend on
the clinical context and the potential consequences of
diagnostic errors. Thus, in some situations, sensitivity is
prioritized to minimize false negatives -as is the case with
tests used as a screening strategy for potentially serious
diseases- while in others, it is preferable to maximize spe-
cificity to avoid false positives and unnecessary interven-
tions, particularly when the goal is to confirm a diagnosis
before prescribing a specific treatment.

For this reason, comparing the area under the curve
(AUC) has become standard practice for evaluating new
biomarkers or prognostic models. However, although
discriminatory power is an important property, it does
not necessarily reflect the clinical impact of a new va-
riable. In many cases, the inclusion of a biomarker may
result in minimal improvements in the AUC and yet
significantly alter the risk classification of certain pa-
tients, or vice versa. This limitation has driven the de-
velopment of new tools designed to evaluate the incre-
mental value of a test beyond traditional measures of
discrimination.

The Concept of Reclassification

As mentioned, although measures of discrimination
are useful for evaluating a model’s predictive ability , they
do not always reflect its impact on decision-making. In
clinical practice, decisions are rarely based on exact pro-
babilities; rather, patients are typically grouped into risk
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categories that guide specific diagnostic and therapeutic
strategies.

From this perspective, an improvement in a model’s
discriminatory ability does not necessarily imply a cli-
nical benefit. A biomarker may marginally increase the
AUC without changing the classification of any patient.
Conversely, an apparently modest change in traditional
parameters can result in a significant reclassification of
individuals located near clinically relevant decision cu-
toff points.

The concept of reclassification emerged precisely to
address this need. Its purpose is to evaluate whether the
addition of a new variable allows patients to be assigned
to more appropriate risk categories, bringing statistical
prediction closer to clinical decision-making.®

How Do We Assess Reclassification?

In 2008, Pencina et al. introduced a new metric
called the Net Reclassification Index (NRI).” It was
developed to evaluate whether a new marker provides a
clinically relevant improvement in prediction of events.
Its rationale is straightforward: a clinically useful new
marker should increase the estimated risk for patients
who will actually experience the event and reduce it for
those who will remain event-free, thereby promoting a
more appropriate classification of individual risk. The
goal is to increase both the proportion of individuals
who experienced an event and were reclassified upward
(restratified into a higher-risk category when applying
the new model) and the proportion of individuals
who did not experience an event and were reclassified
downward (restratified into a lower-risk category when
applying the new model).

To calculate this, the population is divided into indi-
viduals who experienced the event of interest and those
who remained event-free during follow-up. For event-
experiencing subjects, reclassification into higher-risk
categories is considered favorable, whereas for event-free
subjects, reclassification into lower-risk categories is con-
sidered favorable.

The NRI quantifies the net balance between these co-
rrect and incorrect reclassifications. Thus, positive values
indicate that the new model improves risk classification
compared with the original model, whereas values close
to zero suggest little additional benefit. The higher the
NRI, the greater the new marker’s ability to appropriately
reclassify individuals.

The Central Figure schematically summarizes the
principles underlying the calculation of the NRI and the
different reclassification scenarios observed after incorpo-
rating a new variable into a predictive model.
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Applicability and Generalizability of Predic-
tive Models

An important consideration is that although sensitivity,
specificity, and AUC are intrinsic properties of a test or
model, their clinical utility varies substantially according
to the pretest probability of the population in which they
are applied. Thus, the same test may have a high positi-
ve predictive value in high-risk populations and perform
considerably less well when used in low-risk populations.
Conversely, the negative predictive value generally increa-
ses as the prevalence of the event decreases.

This dependence on pretest probability has important
implications for the validation of predictive models. In po-
pulations with an extremely low or high prevalence of an
event, predictive values may be artificially favorable. For
this reason, the validation of a marker is often particularly
informative in intermediate-risk populations, where the-
re is greater diagnostic uncertainty and where a predictive
tool has a higher likelihood of reclassifying patients in a
clinically meaningful way.®

Conclusions

The evaluation of new diagnostic and prognostic tools
should not be limited exclusively to traditional measures
of discrimination. Although the ROC curve and the AUC
remain fundamental tools for assessing a model’s perfor-
mance, their ability to reflect the clinical impact of a new
variable is limited. Risk reclassification provides a com-
plementary perspective by evaluating whether additional
information appropriately modifies the individual risk esti-
mation and, potentially, clinical decision-making.

This concept is particularly relevant in intermediate-
risk populations, where diagnostic uncertainty is greater
and where a new tool has a higher likelihood of altering
risk estimation and changing clinical management. In this
context, the ability to correctly reclassify patients may be
more valuable than small improvements in traditional
measures of discrimination.

Ultimately, the goal is not only to predict better, but
also to classify patients more effectively in order to support
more appropriate clinical decisions.

Central Figure. Schematic overview of the principles underlying the calculation of the NRI and the different reclassification

scenarios observed after adding a new variable to a predictive model
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Figure prepared with the assistance of artificial intelligence.
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