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Relevance to the clinician. Clinicians already know that not all patients who are diagnosed with rheumatic diseases really have them.
Moreover, determinin% which patients have improved and by how much is also difficult. Classification criteria allow clinical researchers

to recruit patients wit

similar diseases (e.g., rheumatoid arthritis or systemic lupus erythematosus) into studies. Response criteria help

to determine whether treatments really work, i.e., whether they actually produce clinically important improvement. As the science of
clinical research advances, we must update our standards for considering classification and response criteria. In this editorial, members
of the American College of Rheumatology (ACR) Subcommittee on Classification and Response Criteria describe the purpose of criteria
sets, their development and validation, and the role of the ACR in adopting them.

Many rheumatic diseases are characterized by overlapping
organ system involvement, lack of a pathognomonic diag-
nostic test, and widespread manifestations. These charac-
teristics hinder easy diagnosis or recognition of changes in
disease status, and also present a tremendous challenge
when conducting and evaluating the results from clinical
research.

Criteria that classify a disease (classification criteria),
define disease activity, or specify a measurement of change
in disease activity in response to an intervention (response
criteria) are critical for conducting most types of clinical
studies with the aim of improving patient care. These
studies range from epidemiologic investigations to clinical
trials. The classification criteria ensure recruitment of pa-
tients with a similar clinical entity, and the response cri-
teria allow for standardized definitions of response or out-
comes. In this article, members of the American College of
Rheumatology (ACR) Subcommittee on Classification and
Response Criteria discuss the different types of criteria
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sets, the methods for developing and validating such cri-
teria sets, and the role of the ACR with respect to such
activities. In addition, “common pitfalls” encountered
when developing and/or validating such criteria sets are
identified.

The Role of Criteria Sets in Rheumatic Disease

Role of classification criteria. Classification criteria
help to distinguish patients with the disease in question
from those without the disease. The criteria are used to
standardize disease definitions across geographically di-
verse centers and across studies to ensure that the same
disease entity is consistently studied. Examples are the
ACR (formerly the American Rheumatism Association
[ARA]) 1987 revised classification criteria for rheumatoid
arthritis (RA) (1) and the 1982 revised classification crite-
ria for systemic lupus erythematosus (2). Criteria sets that
define disease entities for clinical studies are generally not
described as diagnostic criteria but rather as classification
criteria. Classification criteria are often useful teaching
aides for trainees and will almost always mirror the list of
criteria that one uses for diagnosis, but they are not syn-
onymous with diagnostic criteria. In a typical clinical set-
ting, meeting prespecified criteria is not required for diag-
nosis. Rather, a diagnosis results from a clinical evaluation
for features that suggest the presence of disease. Some
experts advocate the use of diagnostic criteria as a screen-
ing tool for primary care, especially when trying to iden-
tify patients in the early stages of rheumatic conditions.

Role of response criteria. Response criteria help stan-
dardize the measurement of clinical status over time. In
the context of a clinical trial, response criteria may facili-
tate the determination of the efficacy of a particular drug or
a treatment strategy and can help standardize this assess-
ment across trials. There are 2 broad types of response
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Table 1. Recommendations for development and validation of criteria sets

Development

and clinically sensible.

Validation
Classification criteria

and specificity of a given criteria set.)

criteria for inclusion.

o

develop the criteria.
Response criteria

various criteria.

spectrum of disease severity.

1. The list of possible inclusion and exclusion criteria should be developed using appropriate consensus methodology.
2. Each of the potential criteria should be reliable (reproducible), precise in its measurement, easy and feasible to measure,

3. Potential criteria redundancy should be assessed and minimized.

1. Selection of cases (patients considered to have disease):

A. Cases should be chosen to include the spectrum of disease severity.

B. If the criteria are to be used for epidemiologic studies, both clinical and community cases should be included.
2. Selection of controls (patients considered not to have the disease):

A. Controls should be chosen with a view to the intended purpose of the criteria, i.e., to distinguish individuals with
disease from those without disease versus to distinguish individuals with a particular rheumatic disease from
individuals with other rheumatic diseases. Ideally, multiple control groups should be used.

3. An adequate number of cases and controls should be chosen. (Adequate must be defined in the context of the sensitivity

4. For each individual criterion, and for combinations of criteria, the sensitivity and specificity for detecting and ruling out
disease should be calculated. These results, together with clinical opinion, should be used to reduce the number of

5. Criteria to be included should be those with the greatest demonstrated validity, sensitivity, and specificity.

. Acceptable statistical approaches should be used to create the classification criteria from the reduced number of criteria.
7. The final classification criteria should be validated in samples of cases and controls distinct from the patients used to

1. An appropriate statistical method should be used to identify the number of factors or constructs represented by the

2. An appropriate statistical approach should be used to determine which factors/elements differentiate patients across the

3. The final disease response criteria should be validated in an independent prospectively collected clinical trial sample.

criteria: disease state and change in disease state. Al-
though these are linked, they may be measured using
different criteria. For example, the ACR20 is a well-ac-
cepted measure of change (improvement) in RA disease
state (3). Although measures of disease state and change
may include many of the same elements from the ACR RA
core set (4), the elements are defined differently. There-
fore, to measure remission in individuals with RA (a dis-
ease state), one can use the ARA RA remission criteria (5)
but not the ACR20 criteria (3). The 2 measures both in-
clude many of the same elements from the ACR RA core
set, but they are defined differently. An important consid-
eration regarding response criteria is whether they should
be measured using a continuous (or ordered) scale versus
a dichotomous measure. The ACR20 is a dichotomous
measure (whether the patient achieved a 20% improve-
ment or did not achieve a 20% improvement). Measures
such as the Disease Activity Score can be used as either a
continuous or ordered scale (6). Dichotomous outcomes
may be easier to explain to patients and colleagues,
whereas continuous (or ordered) measures have greater
statistical power to detect small differences across a
larger range of outcomes. Common pitfalls include not
considering continuous (or ordinal) measures when devel-
oping response criteria sets, and not specifying how re-
sponse criteria should be presented (i.e., at the individual
or group level) and when they should be measured (i.e.,
any time during treatment or at the end of a treatment
trial).

Development and Validation of Criteria Sets
Specific recommendations for developing and validating
classification and response criteria are outlined in Table 1,
and a checklist for developing criteria sets is shown in
Appendix A. In the past, classification and response crite-
ria were often developed by a limited panel of experts.
More recently, the use of consensus methodology (such as
Delphi questionnaires followed by meetings using the
Nominal Group Technique) has resulted in a more inclu-
sive process that can involve a large number of partici-
pants (7,8). This approach allows for international, collab-
orative, and broadly based efforts that have a high
likelihood of resulting in criteria sets that will be widely
accepted and utilized.

Classification criteria. Specific guidelines from the
Subcommittee on Classification and Response Criteria are
modified from those recommended by Felson and Ander-
son (9). The first step in developing classification criteria is
to create a list of potential criteria (both inclusion and
exclusion criteria) followed by identification of a large
sample of patients with the disease and a comparable
number of controls without the disease. These criteria are
then applied to determine which criteria (or combination
of criteria) best differentiate disease state from nondisease
state (10). Once a final set of criteria has been developed,
the recommendation is to test its validity in a large sample
of subjects distinct from the original sample used for cri-
teria set development.
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Table 2. Validity and other methodologic characteristics relevant to criteria sets
(adapted from reference 13)

Characteristic

Definition

Face validity
Content validity

Criterion validity

Sensitivity and specificity

Responsiveness

Credibility: Are the criteria sensible?

Comprehensiveness: Do the criteria sample all of the
domains of the disease?

Do the criteria predict or correlate or agree with a
“gold standard”?

Do the criteria identify those with the clinical
construct, i.e., disease? Do the criteria identify
those without the disease in question?

Are the criteria sensitive to change? Do the criteria
detect the smallest clinically important change?

Validity issues are central to criteria development (9)
and are described in Table 2. Face and content validity are
routinely assessed during the development of classifica-
tion criteria. However, for classification criteria, sensitiv-
ity, specificity, and criterion validity are most important to
consider. Sensitivity refers to how well the criteria set
identifies persons with a specific clinical entity, and spec-
ificity refers to whether the criteria are able to exclude
persons with other clinical entities. For example, some
patients with psoriatic arthritis may be included in studies
of RA because the ARA RA classification criteria lack
sufficient specificity, highlighting the importance of care-
ful selection of nondisease controls when validating clas-
sification criteria. One wants to choose control subjects
who have diseases similar to the one under study to better
test specificity. Finally, criterion validity describes the
level of concordance or agreement between the developed
criteria set and a gold standard, often a cohort of patients
that expert clinicians agree have a given disease. Such
patient cohorts should represent the spectrum of a given
disease, ideally are actual patients, and should be distinct
from any patient cohort used to develop the criteria set.

Response criteria. Development and validation of re-
sponse criteria present issues similar to those for classifi-
cation criteria, with the addition that sensitivity to change,
or responsiveness is important in response criteria. Defin-
ing responsiveness is conceptualized as a process of data-
driven consensus using 2 sources of information: data
derived from reanalysis of trials, and consensus based on
clinician choice of instrument and on clinician’s identifi-
cation of a clinically important response. The process is
most likely to produce a durable and widely accepted
response definition if both clinical and analytic inputs are
used. In the first process, using actual patient data from a
clinical trial, experts rate the response of given patients.
Then the proposed criteria set is tested against the experts’
rating to determine whether the criteria have adequate
ability to discriminate between patients with important
clinical improvement and those without. In the second
process, the discriminant validity of the candidate defini-
tions of response is tested. This is best measured using
data from methodologically sound clinical trials, in which
the tested treatment demonstrated efficacy.

e Although criteria sets can be validated using data col-
lected outside of a treatment trial, such criteria would be
considered provisional by the ACR Subcommittee until
tested in the context of a trial (see below). Once vali-
dated using prospectively collected trial data, an ACR
Provisional Criteria Set would be considered a fully
approved ACR Criteria Set (see below). One common
pitfall would be considering criteria sets with face and
content validity as fully validated; quantitative validity
testing is critical. A second common pitfall is using
circular reasoning, where the same group of experts who
develop criteria also validate the criteria; appropriate
validation should be ensured by using different sets of
experts and actual patient scenarios. A third common
pitfall is using clinical consensus to arrive at a threshold
to define response using a single-response variable (e.g.,
at least a 20% improvement in pain). Outcome measure-
ment is likely to be more sensitive to change if this
measure is analyzed as a continuous or ordered variable,
not simply a dichotomous threshold. An exception to
this is when an index of individual measures (e.g.,
ACR20) is dichotomized rather than existing as just one
measure.

e It is important to recognize the important role that re-
sponse criteria play in clinical trials. Validated response
criteria allow investigators, clinicians, regulators, and
patients to determine the efficacy (or lack thereof) of a
given intervention and to communicate about response
using the same metric. However, response criteria can be
used inappropriately, i.e., measured at incorrect time
points or applied to the wrong populations. One com-
mon pitfall is not clarifying how response criteria
should be applied; how and when response criteria
should be assessed in the course of a treatment trial need
to be specified. Another common pitfall is that eligibility
criteria for trials may not parallel response criteria; how
response criteria relate to trial eligibility should be rec-
ommended (e.g., should morning stiffness be part of
eligibility criteria for a trial if it is not part of the re-
sponse measure?).

Role of the American College of Rheumatology

One of the subcommittees of the newly constituted ACR
Quality Measures Committee is the Subcommittee on Clas-
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sification and Response Criteria. This subcommittee is re-
sponsible for encouraging development and validation of
new and improved classification and response criteria sets
for various rheumatic conditions. Although many prior
criteria sets were approved by the ACR without the broad-
based development and rigorous testing described above,
measurement science has advanced and rheumatology
must follow by adopting a more inclusive and robust ap-
proach. To this end, the ACR has developed a policy that
criteria sets will require quantitative validation prior to
receiving ACR approval (11). Criteria sets without quanti-
tative validation will no longer be approved by the ACR as
being “preliminary.” However, the ACR strongly encour-
ages publication of such proposed criteria sets so that a
variety of researchers can test and hopefully validate them.
Response criteria sets that have undergone quantitative
validation using data from previously collected cohorts
outside of a trial setting can be approved by the ACR and
will be termed ACR Provisional Criteria Sets to recognize
that they require further validation using data from trials.
Criteria sets that have undergone prospective validation
and testing in an external data set can be considered ACR
Criteria Sets.

The ACR Subcommittee is still grappling with how to
balance the clinician’s and patient’s perspectives in re-
sponse criteria. Clinicians may value certain aspects of a
patient’s disease status (i.e., inflammation and structure),
whereas patients place more importance on pain and daily
function. These various perspectives may underlie subtle
differences between determining the efficacy of a given
treatment in a trial and how treatment decisions are made
in typical practice.

There is great enthusiasm for having criteria sets
adopted simultaneously by the ACR and the European
League Against Rheumatism so that international research
can be harmonized in a meaningful way. This is demon-
strated by publication in this issue of Arthritis Care &
Research of a criteria set for juvenile systemic lupus ery-
thematosus that was developed by a European-based re-
search group, the Pediatric Rheumatology International
Trials Organization, and approved by the ACR Board of
Directors (12). The ACR is well aware of other organiza-
tions’ efforts regarding classification and response criteria
and will attempt to support such efforts whenever possi-
ble. Groups working on classification and response criteria
for rheumatic disease should look to the ACR Subcommit-
tee on Classification and Response Criteria as a resource.
This subcommittee wants to partner with such groups to
ensure that rigorous methods, such as those outlined
above, are used when developing and validating criteria
sets.

This is an exciting era for rheumatologists. The pace of
drug discovery for rheumatic conditions is quickening,
and the need for carefully constructed classification and
response criteria sets is growing. The ACR hopes to facil-
itate this process so that additional safe and effective treat-
ments can be efficiently brought to our patients’ bedsides.
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APPENDIX A: CHECKLIST FOR DEVELOPING CRITERIA SETS

Diagnostic/classification criteria development checklist:

1. Will a comprehensive list of possible criteria be considered (content validity)?

2. Will each of the potential criteria be reliable (reproducible), precise in its measurement, easy to measure, and clinically
sensible?

3. Are the potential criteria redundant (i.e., highly correlated)? Will this be assessed?

4. Selection of cases (patients considered to have the condition of interest):

A. Will cases be chosen across the spectrum of disease severity?

B. If the criteria are to be used for epidemiologic studies, will both clinical and community cases be included?

5. Selection of controls (patients considered not to have the condition of interest):

A. Will the controls be chosen with a view to the intended purpose of the criteria, i.e., to distinguish individuals with
disease from those without disease versus to distinguish individuals with a particular rheumatic disease from
individuals with other diseases? Ideally, multiple control groups will be used.

6. Will at least 100 cases and 100 controls be chosen?

7. For each individual criteria, and for combinations of criteria, will the sensitivity and specificity for detecting and ruling
out the disease of interest be calculated (construct validity, convergent and divergent validity)? Will these results, together
with clinical opinion, be used to reduce the number of criteria for inclusion?

8. Are the criteria to be included those with the greatest content and construct validity? How will this be demonstrated?

9. Will acceptable statistical approaches (see reference 9) be used to create the diagnostic/classification criteria from the
reduced number of criteria?

10. Will the final diagnostic/classification criteria be validated in different samples of cases and controls? How will those
other samples be chosen?
Response criteria/disease severity/damage criteria development checklist:

1. Will a comprehensive list of criteria for potential inclusion be developed (content validity)? How?

2. Will each of the chosen elements be reliable (reproducible), precise, easy to measure, and clinically sensible?

3. Selection of cases (patients with the given disease):

A. Will cases be chosen across the spectrum of disease severity or damage?

B. If the criteria are to be used for epidemiologic studies, will both clinical and community cases be included?

4. Will at least 200 cases be chosen?

5. Will the chosen criteria be redundant (i.e., highly correlated)? How will this be examined?

6. Will an appropriate statistical method (see reference 9) be used to identify the number of factors or constructs represented
by the various criteria?

7. Will an appropriate statistical approach be used to determine which factors/elements differentiate patients across the
spectrum of disease severity?

8. Will the final disease severity/damage criteria be validated in an independent sample?




