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(7) ABSTRACT

Methods for predicting the likelihood of development of
rheumatoid arthritis for individuals that present with recent-
onset undifferentiated arthritis. The methods are based on
the determination of a set of clinical parameter values and
determining a predicted risk for developing rheumatoid
arthritis by correlating the parameter values with predefined
risk values associated with ranges of parameter values.
Parameters values that are decisive for the risk for devel-
oping rheumatoid arthritis may include serum levels of
C-reactive protein, Rheumatoid factors, anti-CCP antibod-
ies, as well as age, gender, localization of the joint com-
plaints, length of moring stiffness, and number of tender
and/or swollen joints. The method may be performed by a
computer. The invention further relates to a computer, a
sample analyser and a computer program product for per-
forming the method and a data carrier with the computer
program product.
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Parameter Par:ameter Value risk Value ’
Age Age* 0.02
Gendar Male: 0
Female 1
Distribution of
involved joints
small joints hands and fest: 05
symmetric 0.5
upper extremities 1
upper and lower extremitios 15
Length of the VAS
morning stiffness
< 26 mm 0
26-90 mm 1
= 490 mm 2
Mumber of tender
joints
<4 0
4-10 05
> 10 t
Mumber of Swollen
joinis?
<d 0
4-10 05
> 10 1
C-reactive protein
fevet (mg/L)?
<5 0
5-50 05
> 50 1.5
Rneumatoid facfor
positive 1
negative 0
Anti-CCFP entibodies
positive 0
negative 2
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Fig 4

Risk value
1. What is the age? Multiply with 0.02
2. ¥vhat is the gender? In case female: 1 point
3. How is the distribution of involved joints?
In case small joints hands and feet: 0.5 point
In case symmetric 0.5 point
In case upper extremities 1 point
Or:  in case upper and lower extremities 1.5 points

4. What is the length of the VAS morning stiffness (range C-100 mm)?
In case 26-90 mm 1 point

In case > 90 mm 2 points

8]

. What is the number of tender joints?
In case 4-10 0.5 point
In case 11 or higher 1 point
6. What is the number of swollen joints?
In case 4-10 0.5 point
In case 11 or more 1 point

7 What is the C-reactive protein level (mg/L)?

In case 5-50 0.5 point
In case 51 or higher 1.5 points
8. Is the Rheumatoid factor positive? If yes 1 point
9. Are the anti-CCP antibodies positive?  If ves 2 points

Total risk value
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SYSTEMS AND METHODS FOR PREDICTING AN
INDIVIDUAL’S RISK OF DEVELOPING
RHEUMATOID ARTHRITIS

RELATED APPLICATIONS

[0001] This application claims priority under 35 U.S.C.
119(e) to U.S. Provisional Application No. 60/790,531, filed
Apr. 10, 2006, the entire contents of which are incorporated
herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a method for
predicting the likelihood of development of rheumatoid
arthritis in patients with undiagnosed or undifferentiated
arthritis. The method may be performed by a computer
programmed to differentially diagnose or predict the devel-
opment of rheumatoid arthritis. The invention further relates
to the computer program product and to a data carrier with
the computer program product.

BACKGROUND OF THE INVENTION

[0003] Individualized treatment decision-making is one of
the most important challenges of medicine. To this end
several studies have associated clinical variables or gene-
expression profile with disease outcome, thereby providing
help for clinicians making treatment decisions in several
diseases (e.g. Hodgkin’s disease, lymphoma).

[0004] Inthe last decade, treatment of rheumatoid arthritis
(RA) has evolved to earlier and more aggressive treatment
with disease-modifying antirheumatic drugs (DMARDs), as
this therapeutic approach prevents joint damage and func-
tional disability.

[0005] Patients that present to the outpatient clinic with a
recent-onset arthritis are referred to as having early arthritis.
Some of these patients may, at first presentation, have a
disease that can be classified according to current arthritis
evaluation criteria. For example, patients may be directly
diagnosed with rheumatoid arthritis or reactive arthritis.
Reactive arthritis is an acute form of arthritis which occurs
after a viral or bacterial infection that spontaneously disap-
pears in several weeks or months, and which features the
following three conditions: (1) inflamed joints; (2) inflam-
mation of the eyes (conjunctivitis); and (3) inflammation of
the genital, urinary or gastrointestinal system. However, in
rheumatologic practice, many patients present with an early
arthritis that cannot be directly classified, and are considered
to have an undifferentiated arthritis (UA) which is defined as
an early arthritis for which, according to the available
classification criteria, no diagnosis can be made.

[0006] When patients at first presentation are diagnosed
with RA or reactive arthritis, prediction of whether the
disease will become persistent or erosive is straightforward,
as most RA patients will have a persistent and erosive
disease course, while most patients with reactive arthritis
will have a self-limiting disease course which in most cases,
does not recur.

[0007] Several inception cohort studies have shown that
about 40-50% of UA patients remit spontaneously, while one
third develop RA. Treatment with methotrexate in patients
with UA is known to inhibit progression to RA and inhibit
joint damage. However, because of the potential toxicity
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associated with methotrexate and other DMARDs, only
patients who have a high risk of developing RA, not those
who are likely to remit spontaneously, should be treated with
these agents. Thus, a method for predicting which patients
with UA are most likely to develop RA would be exceed-
ingly beneficial since only those most likely to develop RA
would be exposed to potentially toxic therapeutic agents.

[0008] Morel and Combe (2005, Best Practice & Research
Clinical Rheumatology 19:137-146) reviewed factors asso-
ciated with the development of RA, or associated with the
development of erosions in patients already diagnosed with
the disease. This reference does not disclose a predictive
model capable of assessing whether a patient with UA will
develop RA.

[0009] In addition, several prognostic models that allow
prediction of arthritis outcome have been described (e.g.
Visser et al., 2002, Arthritis Rheum. 46:357-365; Visser,
2005, Best Practice & Research Clinical Rheumatology
19:55-72). However, the cohorts used to build and validate
the models were made up of all early arthritis patients,
including those with classified diagnoses (e.g., RA and
reactive arthritis), as well as those with UA, with the
objective of determining disease progression (erosive dis-
ease in particular), rather than differentiating RA from UA.
Thus, these models are not capable of assisting in the
differential diagnosis of patients that present with UA, and
cannot be used to predict development of RA in patients with
UA. Thus, there is a need for a method predicting whether
patients with UA will develop RA that will address the
deficiencies of previous models, as they do not have this
predictive ability.

SUMMARY OF THE INVENTION

[0010] In a first aspect the present invention relates to a
method of predicting whether an individual with undiffer-
entiated arthritis will develop rheumatoid arthritis. Prefer-
ably, the method comprises the steps of

a) determining for the individual at least one of the following
clinical parameter values:

[0011]

[0012]
and,

[0013]

[0014] b) determining a set of further clinical parameter
values comprising at least one of the age of the patient; the
gender of the patient; the localization of the joint com-
plaints; the length of the VAS morning stiffness; the number
of tender joints; and, determining the number of swollen
joints; and,

i) the level of C-reactive protein;

ii) the presence or absence of Rheumatoid factor;

ii1) the presence or absence of anti-CCP antibodies;

¢) predicting the risk of the individual of developing rheu-
matoid arthritis by correlating the parameter values deter-
mined in steps a) and b) with a predefined risk value
associated with each particular parameter value.

[0015] Instep a) of the method at least one of three clinical
parameter values, i.e. clinical laboratory test values, are
determined. In other embodiments, two of these three val-
ues, or all three of these values are determined. The values
may be determined in vitro in a sample from the individual,
such as from a sample of a body fluid (e.g., blood) or a



US 2007/0248986 Al

sample of a blood fraction such as serum or plasma. In other
embodiments, the prediction may be made using at least one
parameter in group a) and one in group b); at least two
parameters in group a) and no parameters in group b); and
no parameters in group a) and at least two parameters in
group b).

[0016] One of the three clinical parameters to be deter-
mined is the level of C-reactive protein. Alternatively, levels
of high-sensitivity (HS) CRP can be used. Thus, in one
embodiment, levels of CRP are determined. In another
embodiment, the erythrocyte sedimentation rate (ESR), is
used, either instead of, or combined with, determination of
CRP levels. In one embodiment, antibodies to CCP are
determined; however, antibodies to other CCP variants such
as CCP1 or CCP3 may also be used. In addition, determi-
nation of anti-CCP antibody titers may be used in place of
determination of anti-CCP positivity or negativity is step a)
iii) above.

[0017] Another clinical parameter to be determined is the
presence or absence of Rheumatoid factor (RF) autoanti-
bodies which may be any antibody type, including IgG, IgM
and IgA. In one embodiment, Rheumatoid factor antibody
positivity is assessed. In another embodiment, Rheumatoid
factor antibody titer is determined.

[0018] Another clinical parameter to be determined is the
presence or absence of antibodies to cyclic-citrullinated
peptide (CCP). In one embodiment, antibodies to CCP2 is
determined. In another embodiment, antibodies to CCP1 or
CCP3 are determined. In one embodiment, anti-CCP anti-
body positivity is assessed. In another embodiment, anti-
CCP antibody titer is determined.

[0019] According to one embodiment, step a) comprises
providing a sample (e.g., a blood sample) of the individual
and determining in vitro at least one of: i) the serum level of
C-reactive protein; ii) the presence or absence of Rheuma-
toid factor; or, iii) the presence or absence of anti-CCP
antibodies. In other embodiments, two of these or all three
of these are determined. In addition, the alternative deter-
minations described above may also be made (ESR, HS
CRP, anti-CCP titers, antibodies to CCP1 or CCP3, other
anti-RF) Ig types.

[0020] In step b) of the method at least one of further
clinical parameter values are determined comprising at least
one of the age of the patient; the gender of the patient; the
localization of the joint complaints; the length of the VAS
morning stiffness; the number of tender joints; and, deter-
mining the number of swollen joints. These parameters may
be determined by having the patient or healthcare profes-
sional answer a questionnaire related to the parameters. The
parameters thus need not be determined on the body of the
individual. In one embodiment, VAS morning stiffness is
rated on a visual analogue scale (0-100). In another embodi-
ment, the severity of morning stiffness is used. A 44-joint
count for tender and swollen joint may be performed,
scoring each joint on a 0-1 scale. The set of further clinical
parameter values determined in step b) may include the age
of the patient; the gender of the patient; the localization of
the joint complaints; the length of the VAS morning stiff-
ness; the number of tender joints; and the number of swollen
joints. In addition, other validated instruments for scoring
clinical symptoms of RA or other forms of arthritis can be
used, including physician assessment of disease activity, 100
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mm VAS, patient’s global assessment of health 100 mm
VAS, DAS 28, DAS 44, HAQ, HAQ or D1. In one embodi-
ment, a prediction score is calculated as the sum of the risk
values for each parameter value. The individual risk values
for the clinical parameters are preferably defined as between
50% and 150%, between 75% and 125%, or between 80%
and 120% of the values in a)-1):

a) 0 for less than 5 mg/, C-reactive protein;
[0021]
[0022]
b) 0 for the absence of the Rheumatoid factor;
[0023]
¢) 0 for the absence of anti-CCP antibodies;
[0024]

0.6 for 5-50 mg/L C-reactive protein;

1.6 for more than 50 mg/L C-reactive protein;

0.8 for the presence of the Rheumatoid factor;

2.1 for the presence of anti-CCP antibodies;
d) 0.02 for each vear of age;
e) 0 for male gender; 0.8 for female gender;

1) 0.6 in case of involvement of small joints hands and feet;

[0025] 0.5 in case of symmetric involvement;
[0026] 0.8 in case of involvement of upper extremities; or
[0027] 1.3 in case upper and lower extremities;

2) 0 for a length of the VAS morning stiffness less than 26
mm;

[0028] 1 foralength of the VAS morning stiffness 0f26-90
mm;

[0029] 2.2 for a length of more than 90 mm;
h) 0.6 for 4-10 tender joints;
[0030] 1.2 for more than 10 tender joints; and,

1) 0.4 for 4-10 swollen joints;
[0031]

[0032] and whereby the maximum prediction score is 14
for an age of 100 years. These parameters represent the
regression coeflicient, and the parameters directly below are
a simplified, rounded version of the above parameters. In
addition, a multiplier may be used (e.g., times 100 for each
value, or translate a year of age to 12 months of age), which
will yield an equivalent scoring system. More preferably,
wherein the individual risk values for the clinical parameters
are defined as between 75% and 125%, between 80% and
120%, between 90% and 10% of the values in a)-i):

1 for more than 10 swollen joints;

a) 0 for less than 5 mg/L. C-reactive protein;

[0033] 0.5 for 5-50 mg/L, C-reactive protein;

[0034] 1.5 for more than 50 mg/L C-reactive protein;
b) 0 for the absence of the Rheumatoid factor;

[0035] 1 for the presence of the Rheumatoid factor;
¢) 0 for the absence of anti-CCP antibodies;

[0036] 2 for the presence of anti-CCP antibodies;

d) 0.02 for each year of age;

e) 0 for male gender; 1 for female gender;
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) 0.5 in case of involvement of small joints hands and feet;
[0037] 0.5 in case of symmetric involvement;

[0038]
[0039]

2) 0 for a length of the VAS morning stiffness less than 26
mm;

[0040] 1 for a length of the VAS morning stiffness of 26-90
mm;

[0041] 2 for a length of more than 90 mm;
h) 0.5 for 4-10 tender joints;

1 in case of involvement of upper extremities; or

1.5 in case upper and lower extremities;

[0042] 1 for more than 10 tender joints; and,
1) 0.5 for 4-10 swollen joints;
[0043] 1 for more than 10 swollen joints;

and whereby the maximum prediction score is 14 for an age
of 100 years.

[0044] In the present methods, the risk to develop rheu-
matoid arthritis may be determined by correlating the pre-
diction score for the individual with the risk associated with
that prediction score in accordance with a predetermined
probability distribution. In one predetermined probability
distribution, a prediction score of about 0 correlates with a
risk of about 0.0, a prediction score of about 6-8 correlates
with a risk of about 0.5 and a prediction score of about 14
correlates with a risk of about 1.0. An example of one
predetermined probability distribution is a probability dis-
tribution as depicted in FIG. 5.

[0045] In one embodiment, the methods described herein
are applied to individuals that present with a recent-onset
arthritis, such as recent-onset undifferentiated arthritis.
Undifferentiated arthritis (UA) is herein defined as arthritis
for which no differential diagnosis can be made using
available classification criteria, e.g., the American College
of Rheumatology (ACR) 1987 classification criteria for
rheumatoid arthritis (see e.g. Arnette et al., 1988, Arthritis
Rheum. 31: 315-324). An individual with recent-onset
arthritis is herein defined as an individual with complaints
dating from are less than one year, preferably less than 6
months

[0046] In another aspect, there is provided a method of
predicting whether an individual with undifferentiated
arthritis will develop rheumatoid arthritis. The method com-
prises the steps of:

a) reading into a computer a set of at least one of the
following clinical parameter values for the individual com-
prising:

[0047]

[0048] 1ii) the presence or absence of Rheumatoid factor;
and,

[0049]

1) the serum level of C-reactive protein;

1i1) the presence or absence of anti-CCP antibodies;

[0050] b) reading into the computer a set of further clinical
parameter values for the individual comprising at least one
of the age of the patient; the gender of the patient; the
localization of the joint complaints; the length of the VAS
morning stiffness; the number of tender joints; and, deter-
mining the number of swollen joints; and,
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¢) having the computer predict the risk of the individual of
developing rheumatoid arthritis;

[0051] whereby the computer comprises a processor and
memory, the processor being arranged to read from said
memory and write into said memory, the memory compris-
ing data and instructions arranged to provide said processor
with the capacity to predict the risk of the individual of
developing rheumatoid arthritis by correlating the parameter
values determined in steps a) and b) with a predefined risk
value associated with each particular parameter value as
defined herein above.

[0052] Another embodiment is a computer for performing
a method as herein defined above. Preferably the computer
is a computer as depicted in FIG. 1. The computer may
comprise a processor and memory, the processor being
arranged to read from said memory and write into said
memory, the memory comprising data and instructions
arranged to provide said processor with the capacity to
perform a method of predicting whether an individual with
undifferentiated arthritis will develop rheumatoid arthritis,
wherein the method comprises at least the steps a), b) and c)
as herein described above. In one embodiment, the computer
has an input connected to a sample analyser (for analysing
body fluid samples, such as e.g. blood samples) for receiving
analysis data signals of a sample, and wherein the processor
is arranged for determining from said analysis data signals:
1) the serum level of C-reactive protein; ii) the presence or
absence of Rheumatoid factor; and, iii) the presence or
absence of anti-CCP antibodies of said sample as clinical
parameters. The processor may be arranged for calculating
a prediction score as the sum of the risk values for each
parameter value. Alternatively, the processor is arranged for
determining the predicted risk for the individual on devel-
oping rheumatoid arthritis by correlating the prediction
score for the individual with the risk associated with that
prediction score in accordance with a predetermined prob-
ability distribution as described herein above.

[0053] In yet another aspect, there is provided a sample
analyser comprising a computer as described herein above.
The sample analyser may be an analyser for samples of a
body fluid, such as a blood samples or a samples of a blood
fraction such as serum or plasma.

[0054] In a further aspect, the invention relates to a
computer program product comprising data and instructions
and arranged to be loaded in a memory of a computer that
also comprises a processor, the processor being arranged to
read from said memory and write into said memory, the data
and instructions being arranged to provide said processor
with the capacity to perform a method of predicting whether
an individual with undifferentiated arthritis will develop
rheumatoid arthritis. The method may comprise at least the
steps a), b) and c) as herein described above. In a further
aspect the invention relates to a data carrier provided with
this computer program product.

[0055] In another embodiment, a patient or healthcare
professional enters clinical parameters (b), and one or more
laboratory values (a) via entry of data through a web portal,
and receives a determination of risk of developing rheuma-
toid arthritis either through the web portal or sent via email,
fax or regular mail.

[0056] In addition, other clinical parameters such as ESR,
HAQ or the presence/absence of erosions may be used in
this algorithm, either with or instead of CRP.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0057] FIG. 1 shows a schematic example of an embodi-
ment of a computer as may be used in one or more of the
embodiments described.

[0058] FIG. 2 schematically depicts a flow diagram of a
procedure as may be executed by the computer of FIG. 1
according to an embodiment of the invention.

[0059] FIG. 3 illustrates an exemplary table storing exem-
plary risk values that are associated with ranges of parameter
values for several clinical parameters.

[0060] FIG. 4 illustrates and exemplary form that may be
used in order to calculate risk values associated with par-
ticular parameter values.

[0061] FIG. 5 is a graph illustrating a predicted risk of
developing rheumatoid arthritis as a function of the total risk
value

[0062] FIG. 6 illustrates an exemplary table storing exem-
plary total risk values associated with predicted risk scores.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0063] Embodiments of the invention will now be
described with reference to the accompanying Figures,
wherein like numerals refer to like elements throughout. The
terminology used in the description presented herein is not
intended to be interpreted in any limited or restrictive
manner, simply because it is being utilized in conjunction
with a detailed description of certain specific embodiments
of the invention. Furthermore, embodiments of the invention
may include several novel features, no single one of which
is solely responsible for its desirable attributes or which is
essential to practicing the inventions herein described. In
this document and in its claims, the verb “to comprise™ and
its conjugations is used in its non-limiting sense to mean that
items following the word are included, but items not spe-
cifically mentioned are not excluded. In addition, reference
to an element by the indefinite article “a” or “an” does not
exclude the possibility that more than one of the element is
present.

[0064] The methods described herein are directed to pre-
dicting whether an individual with undifferentiated arthritis
will develop rheumatoid arthritis. One such method com-
prises the steps of:

a) determining for the individual at least one of the following
clinical parameter values:

[0065] 1) the level of C-reactive protein (CRP), high-
sensitivity C-reactive protein (HS CRP) or erythrocyte
sedimentation rate (ESR);

[0066] ii) the presence or absence of Rheumatoid factor
autoantibodies or Rheumatoid factor autoantibody
titers; and,

[0067] iii) the presence or absence of anti-cyclic citrul-
linated peptide (CCP) antibodies or anti-CCP antibody
titers;

b) determining a set of further clinical parameter values
comprising at least one of the age of the patient; the
gender of the patient; the localization of the joint
complaints; the length of the VAS morning stiffness;
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the number of tender joints; and, determining the
number of swollen joints; and,

¢) predicting the risk of the individual of developing
rheumatoid arthritis by correlating the parameter values
determined in steps a) and b) with a predefined risk
value associated with each particular parameter value.

[0068] Instep a)of the method at least one of three clinical
parameter values, i.e. clinical laboratory test values, are
determined. In other embodiments, two of these three val-
ues, or all three of these values are determined. In addition,
the predictive method may use at least one parameter from
group a) and one parameter from group b); at least two
parameters from group a) and none from group b); or none
from group a) and at least two from group b). The values
may be determined in vitro in a sample from the individual,
such as from a sample of a body fluid (e.g., blood) or a
sample of a blood fraction such as serum or plasma.

[0069] C-reactive protein (CRP) is considered to be a
prototypic acute phase reactant, synthesized in the liver as
part of a coordinated response by hepatocytes to tissue
injury or inflammation. The concentration of CRP increases
several-fold in response to different types of tissue damage
and inflammation and is considered a significant disease
indicator. Various suitable assays for determining the level
of CRP are known in the art. High-sensitivity (HS) CRP is
used to detect the risk for cardiovascular disease, but the
dynamic range of concentrations measured using HS CRP
can be found in patients with UA. Thus, in one embodiment,
levels of CRP are determined. In another embodiment, the
erythrocyte sedimentation rate (ESR), an indicator of
inflammation, is used, either instead of, or combined with,
determination of CRP levels. These alternate embodiments
can also be used in any of the methods disclosed herein.

[0070] Another clinical parameter to be determined is the
presence or absence of Rheumatoid factor (RF) autoanti-
bodies or RF autoantibody titers. Rheumatoid factor is an
autoantibody which is directed against endogenous immu-
noglobulin, for example IgG Rheumatoid factor are usually
antibodies of the IgM class, although other isotypes may
also be determined (e.g. IgG, IgA) in any of the methods
described herein. In the context of the present disclosure, RF
is considered to be present in a sample from an individual
upon demonstration of abnormal amount of serum RF by
any method for which the result has been positive in less
than 5% of normal subjects. Suitable assays for determining
the level of RF are known in the art. In one embodiment,
Rheumatoid factor antibody positivity is assessed. In
another embodiment, Rheumatoid factor antibody titer is
determined.

[0071] Another clinical parameter to be determined is the
presence or absence of antibodies to cyclic-citrullinated
peptide (CCP). CCP types include, for example, CCPI1,
CCP2 and CCP3. In one embodiment, CCP2 is determined.
In the context of the present disclosure, antibodies to CCP
are considered to be present in a sample from an individual
in case of at least 25 arbitrary units in the ELISA, Immun-
oscan RA Mark 2 (obtainable from Euro-Diagnostica, Arm-
hem, The Netherlands). Other suitable tests for anti-CCP
positivity are described by van Venrooij and van de Putte
(2003, Ned Tijdschr Geneeskd. 147(5):191-4). In one
embodiment, anti-CCP antibody positivity is assessed. In
another embodiment, anti-CCP antibody titer is determined.
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[0072] According to one embodiment, step a) comprises
providing a sample (e.g., a blood sample) of the individual
and determining in vitro at least one of the following clinical
parameters: i) the serum level of C-reactive protein; ii) the
presence or absence of Rheumatoid factor; or iii) the pres-
ence or absence of anti-CCP antibodies.

[0073] In step b) of the method at least one of further
clinical parameter values are determined comprising at least
one of the age of the patient; the gender of the patient; the
localization of the joint complaints; the length of the VAS
morning stiffness; the number of tender joints; and, deter-
mining the number of swollen joints. These parameters may
be determined by having the patient or healthcare profes-
sional answer a questionnaire related to the parameters. The
parameters thus need not be determined on the body of the
individual. In one embodiment, for determination of the
VAS morning stiffness, patients are asked to rate the morn-
ing stiffness on a visual analogue scale (0-100) whereby
preferably the severity of morning stiffness was used instead
of duration of morning stiffness (Hazes et al., 1993 I
Rheumatol 20:1138-42; Vliet Vlieland et al., 1997, I Clin
Epidemiol 50:757-63). A 44-joint count for tender and
swollen joint was performed, scoring each joint on a (-1
scale (see van Riel et al., 2000, In: “EULAR handbook of
clinical assessments in rheurmatoid arthritis.”; Alphen aan
den Rijn, The Netherlands: Van Zuiden Communications;
2000, 10-11). The set of further clinical parameter values
determined in step b) may include the age of the patient; the
gender of the patient; the localization of the joint com-
plaints; the length of the VAS morning stiffness; the number
of tender joints; and the number of swollen joints. In
addition, other validated instruments for scoring clinical
symptoms of RA or other forms of arthritis can be used,
including physician assessment of disease activity, 100 mm
VAS, patient’s global assessment of health 100 mm VAS,
DAS 28, DAS 44, HAQ, HAQ or D1. In one embodiment,
a prediction score is calculated as the sum of the risk values
for each parameter value. The individual risk values for the
clinical parameters are preferably defined as between 50%
and 150%, between 75% and 125%, or between 80% and
120% of the values in a)-i):

a) 0 for less than 5 mg/I. C-reactive protein;
[0074]
[0075]

0.6 for 5-30 mg/LL C-reactive protein;

1.6 for more than 50 mg/I. C-reactive protein;
b) 0 for the absence of the Rheumatoid factor;

[0076] 0.8 for the presence of the Rheumatoid factor;
¢) 0 for the absence of anti-CCP antibodies;

[0077] 2.1 for the presence of anti-CCP antibodies;

d) 0.02 for each year of age;

e) 0 for male gender; 0.8 for female gender;

) 0.6 in case of involvement of small joints hands and feet;
[0078] 0.5 in case of symmetric involvement;

[0079]
[0080]

0.8 in case of involvement of upper extremities; or

1.3 in case upper and lower extremities;
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2) 0 for a length of the VAS morning stiffness less than 26
mm;

[0081] 1 foralength of the VAS morning stiffness of 26-90
mm;

[0082] 2.2 for a length of more than 90 mm;
h) 0.6 for 4-10 tender joints;
[0083] 1.2 for more than 10 tender joints; and,

i) 0.4 for 4-10 swollen joints;
[0084]

[0085] and whereby the maximum prediction score is 14
for an age of 100 years. These parameters represent the
regression coeflicient, and the parameters directly below are
a simplified, rounded version of the above parameters. In
addition, a multiplier may be used (e.g., times 100 for each
value, or translate a year of age to 12 months of age), which
will yield an equivalent scoring system. It will be appreci-
ated that the specific values presented above may fall within
a range of such values. Thus, in certain embodiments, the
individual risk values for the clinical parameters are defined
as between 75% and 125%, between 80% and 120%, or
between 90% and 110% of the values in a)-i):

a) 0 for less than 5 mg/L, C-reactive protein;
[0086]
[0087]
b) 0 for the absence of the Rheumatoid factor;
[0088]
¢) 0 for the absence of anti-CCP antibodies;
[0089]
d) 0.02 for each vear of age;

1 for more than 10 swollen joints;

0.5 for 5-50 mg/L, C-reactive protein;

1.5 for more than 50 mg/l. C-reactive protein;

1 for the presence of the Rheumatoid factor;

2 for the presence of anti-CCP antibodies;

e) 0 for male gender; 1 for female gender;

) 0.5 in case of involvement of small joints hands and feet;

[0090] 0.5 in case of symmetric involvement;
[0091] 1 in case of involvement of upper extremities; or
[0092] 1.5 in case upper and lower extremities;

g) 0 for a length of the VAS morning stiffness less than 26
mm;

[0093] 1 for alength of the VAS morning stiffness 0f26-90
mm;

[0094]
h) 0.5 for 4-10 tender joints;
[0095]
1) 0.5 for 4-10 swollen joints;
[0096]

2 for a length of more than 90 mm;

1 for more than 10 tender joints; and,

1 for more than 10 swollen joints;

and whereby the maximum prediction score is 14 for an age
of 100 years.

[0097] In the present methods, the risk to develop rheu-
matoid arthritis may be determined by correlating the pre-
diction score for the individual with the risk associated with
that prediction score in accordance with a predetermined
probability distribution. In a preferred predetermined prob-
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ability distribution a prediction score of about 0 correlates
with a risk of about 0.0, a prediction score of about 6-8
correlates with a risk of about 0.5 and a prediction score of
about 14 correlates with a risk of about 1.0. An example of
a preferred predetermined probability distribution is a prob-
ability distribution as depicted in FIG. 5.

[0098] In one embodiment, the methods described herein
are applied to individuals that present with a recent-onset
arthritis, more preferably with recent-onset undifferentiated
arthritis.

[0099] In another aspect, there is provided a method of
predicting whether an individual with undifferentiated
arthritis will develop rheumatoid arthritis. The method com-
prises the steps of

a) reading into a computer a set of clinical parameter values
for the individual comprising:

[0100]

[0101]
and,

[0102]

[0103] b)reading into the computer a set of further clinical
parameter values for the individual comprising at least one
of the age of the patient; the gender of the patient; the
localization of the joint complaints; the length of the VAS
morning stiffness; the number of tender joints; and, deter-
mining the number of swollen joints; and,

1) the serum level of C-reactive protein;

ii) the presence or absence of Rheumatoid factor;

ii1) the presence or absence of anti-CCP antibodies;

¢) having the computer predict the risk of the individual of
developing rheumatoid arthritis;

[0104] whereby the computer comprises a processor and
memory, the processor being arranged to read from said
memory and write into said memory, the memory compris-
ing data and instructions arranged to provide said processor
with the capacity to predict the risk of the individual of
developing rheumatoid arthritis by correlating the parameter
values determined in steps a) and b) with a predefined risk
value associated with each particular parameter value as
defined herein above.

[0105] FIG. 1 shows a schematic example of an embodi-
ment of a computer 10 as may be used in one or more of the
embodiments described herein. As illustrated in exemplary
FIG. 1, the computer 10 comprises a processor 12 for
performing arithmetical operations. The processor 12 is
connected to memory units that may store instructions and
data, such as a tape unit 13, hard disk 14, a Read Only
Memory (ROM) 15, Electrically Frasable Programmable
Read Only Memory (EEPROM) 16 and a Random Access
Memory (RAM) 17. The processor 12 is also connected to
one or more input devices, such as a keyboard 18 and a
mouse 19, one or more output devices, such as a display 20
and a printer 21, and one or more reading units 22 to read
for instance floppy disks 23 or CD ROM’s 24. In an
embodiment the computer system 10 comprises program
lines readable and executable by the processor 12.

[0106] The computer 10 shown in FIG. 1 may also com-
prise an input output device (I/O) 26 arranged to commu-
nicate with other computer systems (not shown) via a
communication network 27. In the exemplary embodiment
of FIG. 1, sample analyser 32 is in data communication with
the network 27. In the embodiment of FIG. 1, a local sample
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analyser 30 is located proximate the computer 10 and a
remote sample analyser 32 is positioned remote from the
computer 10 and may be in communication with the com-
puter 10 via the network 27. In certain embodiments, any
number of sample analysers 30, 32 may be in communica-
tion with the computer 10. For example, in one embodiment,
the system does not include a local sample analyser 30, but
comprises multiple remote sample analysers 32.

[0107] Inthe embodiment of FIG. 1, a server 40 is also in
data communication with the network 27. In certain embodi-
ments, the server 40 stores data received from the sample
analyser 30,32 and provides this data to the computer 10. In
other embodiments, the server 40 and/or the sample analyser
30,32 are configured to perform operations on data deter-
mined by the sample analyser 30,32 in order to determine a
predicted risk of an individual developing rheumatoid arthri-
tis, such as by using the systems and methods described
below. The following description refers to the computer 10
as the device that performs calculations in order to deter-
mine a predicted risk of developing rheumatoid arthritis.
However, any other computing device, such as the sample
analyser 30,32 or the server 40 may also be configured to
perform these operations and determine a predicted risk of
developing rheumatoid arthritis.

[0108] In one embodiment, the computer 10 accesses
information and software executing on the server 40 via a
graphical user interface, such as a web browser, that is
displayed on the display device 20. In this embodiment, the
computer 10 provides an interface for viewing, such as by a
physician, data from the sample analyser 30 that is stored on
the server 40. In one embodiment, the user interface that is
displayed on the display device 20 may include data
received from the sample analyser 30 via the network 27.

[0109] In one embodiment, the computer 10 comprises
more and/or other memory units, input devices and read
devices than are illustrated in FIG. 1. Moreover, one or more
of them may be physically located remote from the proces-
sor 12, if required. The exemplary processor 12 is shown as
one box, however, it may comprise several processing units
functioning in parallel or controlled by one main processor
unit that may be located remote from one another, as is
known to persons skilled in the art.

[0110] Itis observed that, although all connections in FIG.
1 are shown as physical connections, one or more of these
connections can be made wireless. They are only intended to
show that “connected” units are arranged to communicate
with one another in some way.

[0111] The computer 10 is shown as a computer system,
but can be any signal processing system with analog and/or
digital and/or software technology arranged to perform the
functions discussed here.

[0112] The detailed description as given above for the
computer 10, may refer to several kind of devices, such as
personal computers, servers, laptops, personal digital assis-
tance (PDA), palmtops. All these devices are different kind
of computer systems.

[0113] The memory units 13, 14, 15, 16, 17 may comprise
program lines readable and executable by the processor 12.
The programming lines may be such that they provide the
computer 10 with the functionality to perform one or more
of the methods described below.
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[0114] As noted above, the computer 10 may be connected
to a sample analyser 30, 32 by a communication link. The
sample analyser 30, 32 may be arranged to receive a blood
sample, or other biological sample, from an individual and
perform measurements on this blood sample. The sample
analyser 30, 32 may, for instance, be arranged to determine
a set of clinical parameter values from the blood sample
including:

[0115]

[0116]
and/or,

[0117]

[0118] In the embodiment of FIG. 1, computer 10 is
arranged for receiving data-signals relating to measurements
of a blood sample from the sample analyser 30, 32 so as to
determine clinical parameter values for a set of clinical
parameters, such as the parameters 1)-iii) noted above. In one
embodiment, the connection between the computer 10 and
the sample analyser 30 comprises a wired and/or wireless
two-way communication link, such as via a direct wired or
wireless connection 32 or via the network 27. Alternatively,
in case clinical parameter values are determined by different
sample analysers, the computer 10 may also comprise mul-
tiple connections, each to one of the different sample analy-
sers 30.

[0119] The computer 10 may be arranged to read the at
least one clinical parameter as determined by the sample
analyser 30, 32, and store the at least one clinical parameter
in the memory units 13, 14, 15, 16, 17.

[0120] The computer 10 may also determine the at least
one clinical parameter by reading the at least one clinical
parameter from memory 13, 14, 15, 16, 17, or from input
devices, such as keyboard 18 and mouse 19, or from one or
more reading units 22 to read for instance floppy disks 23 or
CD ROM’s 24.

[0121] The computer 10 may further be arranged to
receive a set of further clinical parameter values comprising
at least one of the age of the patient; the gender of the
patient; the localization of the joint complaints; the length of
the VAS morning stiffness; the number of tender joints; and,
a number of swollen joints, for example. In other embodi-
ments, fewer or additional further clinical parameters may
be received by the computer 10 and used in developing a
predicted risk of developing rheumatoid arthritis. In one
embodiment, for example, the further clinical parameter
values are entered into the computer 10 using one or more
input devices, such as a keyboard and/or a mouse, in
response to information displayed in a graphical user inter-
face that is displayed on the display device 20. For example,
a graphical user interface may be configured to prompt a
user to enter each of a plurality of clinical parameter values.
In one embodiment, each of the entered clinical parameter
values are usable to determine a predicted risk of developing
rheumatoid arthritis. In other embodiments, selected clinical
parameter values are used in determining a predicted risk of
developing rheumatoid arthritis (referred to herein as a
“predicted risk”). In one embodiment, a confidence level in
the predicted risk increases as the number of clinical param-
eter values that are entered into the graphical user interface,
and are processed by the computer 10, increases. Thus,
while a predicted risk may be determined based on as few as

1) the serum level of C-reactive protein;

ii) the presence or absence of Rheumatoid factor;

iii) the presence or absence of anti-CCP antibodies.
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two clinical parameter values, the confidence level of the
predicted risk may increase as additional clinical parameter
values are received and considered in developing the pre-
dicted risk.

[0122] In one embodiment, the computer 10 may be
arranged to read these further parameter values from
memory 13, 14, 15, 16, 17, from input devices, such as
keyboard 18 and mouse 19, or from one or more reading
units 22 to read for instance floppy disks 23 or CD ROM’s
24.

[0123] As noted above, the computer 10 may be arranged
to determine a predicted risk of the individual developing
rheumatoid arthritis by correlating at least two of the clinical
parameter values with a predefined risk value associated
with each particular parameter value. The predicted risk
score may be outputted by the computer 10 using one or
more output devices, such as display 20 and printer 21. Also,
computer 10 may be arranged for transmission of the
predicted risk value over the network 27 to another com-
puter system (not shown).

[0124] Inone embodiment the predicted risk is transmitted
to a remote computing system and displayed to a user via a
graphical user interface. In another embodiment, the pre-
dicted risk is transmitted via e-mail to the individual, a
physician, and/or another computing system. In yet another
embodiment, the predicted risk may be transmitted via
facsimile or printed and delivered to the individual and/or
physician. In certain embodiments, the risk values associ-
ated with each of the clinical parameter values and the total
risk value for the individual are also transmitted from the
computer 10 to another computing device. In one embodi-
ment, the predicated risk is stored on the server 40 and is
accessible to users with proper authorization to view the
predicted risk, such as the individual and the individual’s
healthcare providers.

[0125] FIG. 2 schematically depicts a flow diagram of a
procedure as may be executed by computer 10, or other
computing device, according to an embodiment of the
invention. Depending on the embodiment, certain of the
actions described below may be removed, others may be
added, and the sequence of actions may be altered.

[0126] In a first action 100, the computer 10 starts execut-
ing the procedure. This action may for instance be triggered
by input from a user into a graphical user interface displayed
on the display device 20.

[0127] Ina nextaction 101, the computer 10 determines at
least one clinical parameter using sample analyser 30, 32.
This action may comprise the steps of 101a) the processor
12 requesting the sample analyser 30, 32 to output data-
signals relating to the measured values of a blood sample to
the processor 12; 1015) the processor 12 receiving the
data-signals, and 101¢) the processor 12 (optionally) storing
the data-signals relating to the measured values in memory
13, 14, 15, 16, 17. In an advantageous embodiment, the
data-signals that are received from the sample analyser 30,
32, comprise parameter values associated with each of one
or more clinical parameters, such as, for example, a param-
eter value indicating a serum level of C-reactive protein in
the blood sample and a parameter value indicating presence
or absence of Rheumatoid factor in the blood sample. In one
embodiment, action 101a) may also comprise that the pro-
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cessor 12 requests the sample analyser 30, 32 to perform
certain measurements on the blood sample relating to deter-
mining a set of clinical parameter values, such as clinical
parameters values for clinical parameters i)-iii) discussed
above before transmitting the data-signals.

[0128] Ina nextaction 102, the processor 12 determines at
least one of the further clinical parameter values using one
or more input devices as described above, or alternatively,
from associated data already stored in memory 13, 14, 15,
16, 17. As noted above, the further clinical parameter values
may be entered into a computing device, such as computer
10, via a graphical user interface. In one embodiment, the
further clinical parameter values are entered into the com-
puter 10 by a caregiver in response to comments from the
individual. In another embodiment, a user interface is acces-
sible to the individual via a computer in communication with
the network, so that the individual may enter the further
clinical parameter values for use in this method.

[0129] In a further action 103, the computer 10 determines
a predicted risk of an individual developing rheumatoid
arthritis by correlating each of at least two of the clinical
parameter values and further clinical parameter values deter-
mined in action 101 and 102 above with predefined risk
values that are associated with each particular parameter
value. These risk values may then be combined in order to
determine a total risk value for the individual. Finally, the
total risk value may be associated with a predicted risk of the
individual developing rheumatoid arthritis. In one embodi-
ment, ranges of values for each of the clinical parameter
values are associated with particular risk values. In another
embodiment, risk values for particular climcal parameters
are determined according to formulas specific to each clini-
cal parameter. In one embodiment, the total risk value is the
sum of each of the risk values that have been associated with
the clinical parameter values. In other embodiments, the
total risk value may be calculated using only a portion of the
risk values.

[0130] In one embodiment, ranges of total risk values are
each associated with a predicted risk that the individual will
develop rheumatoid arthritis. The number of ranges of total
risk values and the granularity of the predicted risks asso-
ciated with the ranges may very depending on the applica-
tion. For example, in one embodiment only two ranges of
total risk values are used, where total risk values that are
within a first range are associated with predicted risks
indicating that an individual is likely to develop rheumatoid
arthritis, and total risk values that are within a second range
are associated with predicted risks indicating that the indi-
vidual is not likely to develop rheumatoid arthritis. In
another embodiment, total risk values are associated with
one of three predicted risks, such as low, moderate, and high
risks of developing rheumatoid arthritis. In other embodi-
ments, total risk values are each associated with one of a
plurality, such as 5, 10, 15, or 20, for example, of different
predicted risk scores. In one embodiment, the predicted risk
scores are expressed as a percentage chance that the indi-
vidual will develop rheumatoid arthritis. In one embodi-
ment, the predicted risk is determined based on a formula in
which the total risk value is a factor. In this embodiment,
ranges of total risk values may not be necessary as each total
risk value may result in a different predicted risk.
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[0131] In one embodiment, the predefined risk values
associated with parameter values, or ranges of parameter
values, may be stored in memory 13, 14, 15, 16, 17 and
retrieved from memory 13, 14, 15, 16, 17 by the processor
12 or may be received using input devices as described
above.

[0132] In a next action 104, the computer 10 outputs the
computed predicted risk of an individual of developing
rheumatoid arthritis by using one or more output devices,
such as display 20 and printer 21 or by transmission of the
computed predicted risk to another computer system (not
shown), such as via email or storage of the predicted risk on
a server that is accessible to other users. Also, the computer
10 may store the computed predicted risk, and/or the risk
values and total risk values, in memory 13, 14, 15, 16, 17 or
on the server 40.

[0133] In action 105, the execution of procedure ends. If
needed, the procedure may be resumed at action 101 to
execute once more.

[0134] According to a further embodiment, the sample
analyser 30, 32 and/or the server 40 comprises a computer,
having the components such as those described above with
reference to computer 10, that is configured to perform the
procedure described in FIG. 2. Thus, in one embodiment the
sample analyser 30, 32 and/or server 40 are capable of
computing a predicted risk score of the individual develop-
ing rheumatoid arthritis by correlating at least two of the
clinical parameter values determined above with a pre-
defined risk value associated with each particular parameter
value.

[0135] FIG. 3 is a table 300 illustrating exemplary risk
values that are associated with ranges of parameter values
for several clinical parameters. In the embodiment of FIG. 3,
risk values are associated with each of nine clinical param-
eters. In other embodiments, fewer or more clinical param-
eters may be associated with risk values. The table 300 may
advantageously be stored in a memory device and accessed
by the computer 10 in order to determine risk values for any
of the listed parameters. The table 300 may be stored in a
memory of the computer 10, at the server 40, or at the
sample analyser 30, 32. In another embodiment, the table
300 is converted to a worksheet format, such as will be
discussed below with reference to FIG. 4, that may be
printed or viewed in a graphical user interface.

[0136] In the embodiment of FIG. 3, a first column 310
lists clinical parameters, a second column 320 lists possible
parameter values associated with each of the clinical param-
eters, and a third column 330 lists a risk value that is
associated with respective ranges of parameter values. In
one embodiment, each of the risk values assigned to an
individual are summed in order to determine a total risk
value that will be associated with a predicted risk of the
individual developing rheumatoid arthritis. Below are exem-
plary parameter values for two individuals, individual A and
individual B, and the associated risk values assigned to the
individuals using the table 300.
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Risk Values and Total Risk Value for Individual A

Parameter Parameter Value  Assigned Risk Value
Age 50 1 (e, 50% 02)
Gender Male 0
Distribution of involved Upper and lower 1.5
Jjoints extremities

Length of VAS morning 56 mm 1
stiffness

Number of tender joints 12 1
Number of swollen joints 7 5
C-reactive protein level 12 .
Rheumatoid factor Negative 0
Anti-CCP antibodies Negative

Total Risk Value 7.5

[0137]

Risk Values and Total Risk Value for Individual B
Parameter Parameter Value Assigned Risk Value
Age 75 1.5 (ie., 75* .02)
Gender Female 1
Distribution of involved Symmetric N
Jjoints
Length of VAS morning 85 1
stiffness
Number of tender joints 12 1
Number of swollen joints 10 3
C-reactive protein level 52 1.5
Rheumatoid factor Positive 1
Anti-CCP antibodies Negative 2
Total Risk Value 10

[0138] As indicated above, the total risk value for indi-
vidual A is 7.5, while the total risk value for individual B is
10. In one embodiment, a higher total risk value indicates a
higher risk of developing rheumatoid arthritis. Thus, in this
embodiment, individual B is more likely to develop rheu-
matoid arthritis than individual A. In other embodiments,
however, lower total risk scores may indicate lower risks of
developing rheumatoid arthritis.

[0139] As described in further detail below, these total risk
values may now each be associated with a corresponding
predicted risk of the individual developing rheumatoid
arthritis. In one embodiment, each of the parameter values
for the individuals are entered into a computing device, such
as the computer 10 via a graphical user interface, and the
computing device determines the risk values associated with
each of the parameter values such as by accessing table 300
stored in a memory. In the embodiment described below
with respect to FIG. 4, a user manually selects the risk values
associated with particular parameter values and calculates a
total risk value.

[0140] FIG. 4 illustrates an exemplary checklist 400 that
may be used to record clinical parameter values and asso-
ciate risk values with each of the clinical parameter values.
In the embodiment of FIG. 4, a user, such as a physician,
records information regarding the patient on the checklist
300, and assigns risk values to each of the parameter values

Oct. 25, 2007

associated with the particular parameter value. In the
embodiments of FIGS. 3 and 4, specific parameters, as well
as specific risk values associated with each of the parameters
are used in determining the total risk value for the indi-
vidual. However, in other embodiments fewer or more
parameters may be used in order to determine a total risk
value. Additionally, the risk values associated with param-
eter values may be higher or lower depending on the specific
implementation. For example, in an embodiment that uses
only a portion of the parameters listed in FIG. 3, the risk
values associated with certain parameter values may be
adjusted.

[0141] FIG. 5 is a graph illustrating a predicted risk of
developing rheumatoid arthritis as a function of the total risk
value. In the embodiment of FIG. 5, the vertical axis
represents a predicted risk of an individual developing
rheumatoid arthritis, while the horizontal axis represents an
individual’s total risk value. Thus, a total risk value may be
associated with a predicted risk using the graph of FIG. 5.
For example, with regard to individual A discussed above
with reference to FIG. 3, a total risk value of 7.5 was
calculated. Using the graph of FIG. 5, individual A may be
assigned a predicted risk of about 60% (see intersection at
about point 510). In one embodiment, a risk score of 60%
indicates that the individual has a 60% chance of developing
theumatoid arthritis. Using the graph of FIG. 5 again,
individual B was assigned a total risk value of 10, which
corresponds with a predicted risk of about 90% (see inter-
section at about point 520). Thus, in this embodiment
individual B has about a 90% risk of developing rheumatoid
arthritis.

[0142] Inone embodiment, predicted risk data, such as the
data illustrated in FIG. 5, may be expressed as an algorithm
that converts a total risk value to a predicted risk. In this
embodiment, once a total risk value is determined, the
algorithm may automatically convert the total risk value to
a percentage predicted risk that the individual develops
rheumatoid arthritis. In one embodiment, the algorithm
calculates the predicted risk after each of the parameter
values are entered into, or received by, the computer 10. In
another embodiment, the computer 10 is configured to
execute an algorithm to determine a predicted risk score
after entry of each parameter value. Accordingly, a physician
or user entering parameter values may watch the predicted
risk change as additional parameter values are entered into
the computer 10.

[0143] FIG. 6 illustrates a table 600 storing exemplary
total risk values associated with predicted risk scores. In the
embodiment of FIG. 6, a total risk value of less than four is
associated with a predicted risk score of “low”, indicating
that the individual has a low predicted risk of developing
rheumatoid arthritis. In this embodiment, a total risk value of
greater than 10 is associated with a predicted risk score of
“high”, while total risk values in the range of 4-10 are
associated with a predicted risk or of “moderate.”

[0144] The predicted risk scores illustrated are exemplary,
and are not intended to limit the scope of predicted risk
scores that may be used in conjunction with the systems and
methods described herein. For example, in certain embodi-
ments, the predicted risk scores may be numerical, such as
percentages. In other embodiments, the predicted risk scores
may be analogous to grades, such as giving the individual a
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grade from A-F, where A indicates a very low risk of
developing rheumatoid arthritis and F indicates a very high
risk of developing rheumatoid arthritis. In other embodi-
ments any other type of predicted risk score may be asso-
ciated with a total risk value and provided to an individual.

[0145] Following is a discussion of the development of
specific models for associating parameter values with risk
values and associating total risk scores with appropriate
predicted risk scores. The following clinical test data is
provided as exemplary of methods for generating such
models, and is not intended as limitive of other methodolo-
gies that may be used to develop similar models, or of the
parameters, risk values, or predicted risk scores that may be
used in a model.

[0146] In one embodiment, a predicted risk score model
was derived using the Leiden Early Arthritis Clinic, an
inception cohort containing more than 1900 patients with
recent-onset arthritis of whom about 1700 have completed at
least one-year follow-up. This cohort started in 1993 at the
department of Rheumatology of the Leiden University
Medical Center, the only referral center for rheumatology in
a health care region of 400,000 inhabitants in the Nether-
lands. General practitioners were encouraged to refer
patients directly when arthritis was suspected; patients were
included if physical examination revealed arthritis. At first
visit various variables were collected. The rheumatologist
answered a questionnaire inquiring about the initial symp-
toms as reported by the patient: type, localization and
distribution of initial joint symptoms, symptom duration and
course of start complaints. The smoking and family history
were assessed. Patients rated the morning stiffness on a
visual analogue scale (0-100). For the present study, severity
of morning stiffness was used instead of duration of morning
stiffness as the first may be a better discriminator. The Health
Assessment Questionnaire (HAQ) yielded an index of dis-
ability. A 44-joint count for tender and swollen joint was
performed, scoring each joint on a 0-1 scale. Compression
pain of metacarpophalangeal and metatalohalangeal joints
was recorded. Baseline blood samples were taken for deter-
mination of ESR, C-Reactive protein (CRP), IgM rheuma-
toid factor (RF, ELISA), and antibodies to cyclic-citrulli-
nated peptide 2 (CCP; ELISA, Immunoscan RA Mark 2,
Euro-Diagnostica, Armhem, The Netherlands). The cut-off
level for anti-CCP positivity was 25 arbitrary units. Radio-
graphs of hands and feet were made and scored according to
Sharp-van der Heijde. 570 patients were determined to have
an arthritis that could not be classified according to the
ACR-criteria and were documented as undifferentiated
arthritis (UA). After 1-year follow-up, the disease status of
all UA-patients was examined to determine whether they
had developed RA or other diagnosis according to the
ACR-criteria. Inherent to the design of an inception cohort,
the duration of follow-up differed within the study popula-
tion and at the moment of analysis (July 2005). The majority
of UA-patients (94%) had been followed for more than one
year (mean follow-up 8 years, SD 3 years).

[0147] Patients included in the placebo-arm of this trial, a
double-blind placebo-controlled randomized trial in which
patients with recent-onset UA were treated with either
methotrexate or placebo, were used for validation (n=55).
Exclusion of the UA-patients that were also included in the
EAC cohort resulted in 36 independent UA-patients. Two of
these were lost to follow-up. For each patient the progres-
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sion score at baseline was calculated and the development of
RA after 1-year follow-up was assessed.

[0148] The UA-patients that did or did not develop RA
were compared using the Chi-square test for nominal vari-
ables and the student’s t-test for continuous variables.
Symptom duration was categorized. Subsequently all clini-
cal variables were entered as possible explanatory variables
in a logistic regression analysis with the disease outcome
(RA or non-RA) at one-year follow-up as the dependent
variable. Using a backward selection procedure, the most
significant independent variables were identified, using
p>0.10 as the removal criteria. In the logistic regression
model the predicted probability of RA is related to the
covariates via the predictive index: B1*x1+B2*x2+B3*x3 .
. . Bk*xk. The B (regression coeflicient) of the covariate
indicates an estimate of the relative magnitude of the prog-
nostic power of the concerning variable. Using the predic-
tive index, for every subject the predicted probability of RA
development was calculated. For continuous variables (age,
VAS-score, tender and swollen joint count, CRP) the effect
was studied both as continuous variables and as categorized.
Categories were pooled if corresponding regression coeffi-
cients were similar. Data on VAS morning stiffness were
missing in 160 subjects, data on anti-CCP antibodies in 64
subjects and data on disease duration in 22 subjects. To
prevent exclusion of these subjects from the logistic regres-
sion analysis, the median value was imputed. The multivari-
ate regression analysis was performed using 562 UA
patients, because for 8 patients one or more of the following
variables were missing: rheumatoid factor (n=T), CRP
(n=T), tender joint count (n=5), swollen joint count (n=4).

[0149] To get a simplified prediction rule, the regression
coeflicients of the predictive variables were rounded to the
nearest number ending in 0.5 or 0.0 resulting in a weighted
score; subsequently the independent predictive variables
were summed. The calculated total risk values were com-
pared with the observed percentage progression to RA. The
positive and negative predictive values were determined for
several cut-off values of the total risk values. To evaluate the
diagnostic performance, a receiver-operating characteristic
(ROC) curve was constructed. The area under the ROC
curve (AUC) provided a measure of the overall discrimina-
tive ability of a model. For internal validation, cross-vali-
dation was performed to control for over-fitting. Cross-
validation mimics the prediction situation and yields for
each observation a total risk value based on the other (n-T)
observations. To validate the model a ROC-curve was made
using the cross-validated predictions as well as the external
validation cohort.

[0150] Of 570 UA-patients, 177 developed RA during the
first year of follow-up, 94 patients developed other rheuma-
tologic diseases, 149 patients remained unclassified and 150
patients achieved clinical remission defined as discharge
from the outpatient clinic because of absence of arthritis
without DMARD:s. For further analysis, the patients with
other rheumatologic diagnoses, unclassified arthritis and
remission were assembled as the non-RA group (n=393).

[0151] Characteristics of UA-patients that did and did not
develop RA are compared in Table 1. In univariate analysis,
all variables except smoking were significantly associated
with progression to RA.
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TABLE 1

Characteristics at inclusion of UA-patient
that did not and did progress to RA.

Patient characteristic Non-RAN =393 RAN-=177 P
Age, mean = SD 48.6 £17.0 563 £153  <0.001
Female, n (%) 208 (53) 121 (68) 0.001
Positive family history 81 (21) 534 (31) 0.01
for RA, n (%)

Course of initial

symptoms, n (%)

acute <24 hr 116 (30) 36 (20)

subacute >24 hr 123 (31) 51 (29)

gradual 141 (36) 86 (49)
intermittent 13 (3) 4 (2) 0.02
Symptom duration at

inclusion, n (%)

<6 weeks 103 (27) 18 (11)

6 weeks-3 months 80 (21) 43 (25)

3-6 months 89 (23) 47 (28)

>6 months 107 (28) 61 (36)  <0.001
Localisation affected

Jjoints, n (%)

small hand/fest 171 (44) 95 (54)

big joints 165 (42) 32 (18)

both 57 (15) 50 (28)  <0.001
Localisation affected

joints, n (%)

Symmetric 147 (37) 118 (67)  <0.001
Localisation affected

Jjoints, n (%)

upper extremities 177 (45) 71 (40)

lower extremities 139 (35) 22 (12)

both 77 (20) 84 (47)  <0.001
Moming stiffness 35.5 £30.0 533 +£30.1  <0.001
(VAS), mean = SD

Compression pain MCP 159 (40) 116 (66) <0.001
joints, n (%)

Compression pain MTP 134 (34) 103 (58) <0.001
joints, n (%)

Number tender joints, 5 (2-11) 11 (7-22)  <0.001
median (IQR)

Number swollen joints, 2 (1-4) 4 (2-7) <0.001
median (IQR)

CRP level (mg/L), 8 (3-21) 14 (7-43)  <0.001
median (IQR)

ESR level (mm1* hr), 17 (8-38) 32 (19-53) <0.001
median (IQR)

Rheumatoid factor 56 (14) 84 (47) <0.001
positive, n (%)

Anti-CCP positive, 38 (1) 83 (51) <0.001
1 (%)

HAQ score, 0.7+0.6 1.0+0.7 <0.001
mean + SD

Smoking, n (%) 187 (48) 84 (47) 1.0

[0152] Ina logistic regression, analysis of the independent
predictive variables for RA development were: age, gender,
localization of joint complaints (small/big joints, symmetric/
asymmetric, upper/lower extremities), morning stiffness,
tender and swollen joint count, CRP-level, RF and anti-CCP
antibodies (Table 2). The resulting model had a fraction of
explained variation (Nagelkerke R*) of 0.57 and, when
taking a predicted probability of 0.5 as cut off value,
predicted 83% of patients correctly. The coefficients for the
simplified total risk value are listed in Table 2. Thus, in one
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embodiment, the computing device determines total risk
values for an individual using the coeflicients indicated in
Table 2.

[0153] As noted above with reference to FIG. 4, a work-
sheet may be used to calculate a total risk value from
multiple risk values. In the embodiment of FIG. 4, the total
risk value ranges between 0 and 14; a higher score indicates
a higher risk to develop RA. For every UA patient the total
risk value was calculated. In this particular study, all UA
patients with a total risk value =3 did not progress to RA
during the one-year follow-up, and all UA patients with a
score =11 had progressed to RA during that same period.
The patients with intermediate scores (4-10) had progressed
to RA in increasing frequency at rising scores. Table 3,
below, shows the percentage of the patients that progressed
to RA for several cut-off values of the total risk value. For
example if the scores 5.0 and 9.0 were chosen as cut-off
values, 97% of UA patients with a score a score =5.0 did not
develop RA and a score 29.0 was associated with progres-
sion to RA in 84% of patients. If the cut-off values were 6.0
and 8.0, 91% of UA patients with a score =6.0 did not
develop RA (negative predictive value 91%) and a score
Z8.0 corresponded with progression to RA in 84% (positive
predictive value 84%). With these cut-off values 145 UA
patients (25%) had a score between 6.0 and 8.0, indicating
that for these patients no adequate prediction could be made.
Twenty-five UA patients did not fulfill the 1987 ACR criteria
for RA after one-year follow-up, but developed RA later in
the disease course. These patients had a median total risk
value of 5.7 (IQR 4.8-6.2); this value is in between the
scores of the UA patients that did and did not develop RA
during the first year of follow-up (median score 7.7, IQR
6.6-8.8 and median score 4.6, IQR 3.3-5.9 respectively).

TABLE 2

Independent predictive variables for RA development
resulting from multivariate regression analysis

Variable B* OR P Points #
Gender 0.8 2.1 0.003 1
Age 0.02 1.02 0.011 0.02/year
Localisation small 0.6 18 0.024 0.5
joints hand/feet

Localisation symmetric 0.5 1.6 0.075 0.5
Localisation upper 0.8 2.1 0.04 1
extremities

upper and lower 1.3 35 0.001 1.5
extremities

VAS morning stiffness

0-25 — — — —
26-50 0.9 2.3 0.009 1
51-90 1.0 2.7 0.006 1
>90 2.2 93 <0.001 2
Number tender joints

0-3 — — —

4-10 0.6 1.8 0.082 .
>10 1.2 33 0.003 1
Number swollen joints

0-3 — — — —
4-10 0.4 15 0.18 0.5
>10 1.0 2.8 0.038 1
CRP level

0-4 — — — —
5-50 0.6 1.6 0.13 0.5
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TABLE 2-continued

Independent predictive variables for RA development
resulting from multivariate regression analysis

Variable B* OR P Points #
>50 1.6 5.0 0.00 1.5
RF positive 0.8 2.3 0.009 1
Anti-CCP positive 2.1 8.1 <0.001 2

* B means regression coefficient
# Points for the simplified prediction rule derived from the regression
coefficient

[0154]

TABLE 3

Total risk value and number (%) of patients that did not or
did progress to RA, as well as several cut-off values for total
risk values with corresponding chances on RA development

Score™® Non-RA n (%) RA n (%)
0 1 (100) 0 (0)
1 8 (100) 0 (0)
2 42 (100) 0 (0)
3 38 (100) 0 (0)
4 78 (93) 6 (7
5 73 (85) 13 (15)
6 63 (74) 22 (26)
7 37 (49) 38 (51)
8 16 (33) 33 (67)
9 6 (14) 36 (86)
10 5 (23) 17 (77)
11 0 (0) 8 (100)
12 0 (0) 1 (100)
13 0 (0) 1 (100)
14 0 0
Total 387 175
Score=4.0 145 (99) 1
4.0-10.0 240 (60) 159 (40)
210.0 2 (12) 15 (88)
Score=5.0 223 97) 8 (3)
5.0-9.0 157 (55) 131 (46)
29.0 7 (16) 36 (84)
Score=6.0 296 (91) 28 (9)
6.0-8.0 76 (52) 69 (48)
28.0 15 (16) 78 (84)

* Total risk values were rounded to the nearest number ending in .5 or .0.
(i.e. scores =0.5 are in the category 0, >0.5 and =1.5 in the category 1,

ete)

[0155] The discriminative ability of the logistic regression
model and the prediction rule were evaluated with a ROC
curve. Both had an AUC of 0.89 (SE 0.014). The finding that
the AUC of the logistic regression model and the prediction
rule were equal, indicates that the derivation of the predic-
tion rule from the logistic regression model had not intro-
duced a loss in discriminative ability.

[0156] Cross-validation was used to control for over-
fitting. This procedure yielded for every patient a predicted
probability of RA. based on the model developed using
another patient cohort. The AUC of the cross-validated
predictions nearly equalled the AUC of the total risk value:
0.87 (SE 0.015), indicating that over-fitting is not a major
problem.

[0157] In the validation cohort, 47% of UA patients had
progressed to RA after one-year follow-up. The UA patients
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who had progressed to RA had a median total risk value of
8.0 IQR 6.1-9.1) and the patients who did not develop RA
had a median total risk value of 4.6 (IQR 3.5-5.5). 94% of
the patients with a total risk value =6.0 had not progressed
to RA and RA development was observed in 83% of patients
with a score >6. All patients with a score 8.0 had pro-
gressed to RA and 78% of patients with a score <8 did not
develop RA. The AUC of the validation cohort was 0.97 (SE
0.024).

[0158] As current evidence on treatment of RA is based on
large trials using patients fulfilling the 1987 ACR criteria for
RA, fulfilment of these criteria was used as outcome.
Alternative outcome measurements such as disease persis-
tence or remission can be considered. Nevertheless, the use
of fulfilment of the ACR criteria as outcome may lead to
circularity as the items of the ACR-criteria are expected to
result as predictive variables. However, several studies have
shown that the ACR criteria themselves have low discrimi-
native value in patients with UA and only a portion of the
variables of the present prediction rule are items included in
the ACR criteria. In the end it will most likely not make a
large difference whether the outcome of a prediction rule is
the diagnosis RA or disease persistence, as the ACR criteria
are formulated based on RA patients with longstanding/
persistent disease (mean disease duration 8 years) and the
reported remission rate in these patients is low: 10-15%.

[0159] Misclassification may have occurred when patients
who presented with UA were treated with any drug that has
hampered the progression to RA. In case of misclassifica-
tion, patients that would normally have progressed to RA
would now be classified as non-RA. Exclusion of these
misclassified patients, with supposedly high total risk values
as they would be prone to develop RA, would result in an
increased discriminative ability of the current prediction
rule.

[0160] In certain embodiments, the positive and negative
predictive values of the total risk value depend on the chosen
cut-off levels. If the upper and lower cut-off values were 8.0
and 6.0, the corresponding positive predictive value and
negative predictive value were respectively 84% and 91%.
In the original cohort 25% of patients had a total risk value
between 6.0 and 8.0; these patients had an equal chance to
develop RA or not. In the validation cohort, the total risk
value discriminated even better: a hundred percent of
patients with a total risk value of 8.0 or higher had pro-
gressed to RA and 94% of patients with a total risk value of
6.0 or lower did not develop RA.

[0161] The foregoing description details certain embodi-
ments of the invention. It will be appreciated, however, that
no matter how detailed the foregoing appears in text, the
invention can be practiced in many ways. As is also stated
above, it should be noted that the use of particular termi-
nology when describing certain features or aspects of the
invention should not be taken to imply that the terminology
is being re-defined herein to be restricted to including any
specific characteristics of the features or aspects of the
invention with which that terminology is associated. The
scope of the invention should therefore be construed in
accordance with the appended claims and any equivalents
thereof.
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1. A method of predicting whether an individual with
undifferentiated arthritis will develop rheumatoid arthritis,
wherein the method comprises the steps of

a) determining for the individual at least one clinical
parameter value selected from the group consisting of

1) the serum level of C-reactive protein, HS C-reactive
protein (HS CRP) or erythrocyte sedimentation rate
(ESR);

ii) the presence or absence of Rheumatoid factor
autoantibodies or Rheumatoid Factor autoantibody
titers; and

iil) the presence/absence of anti-CCP antibodies or
anti-CCP antibody titers;

b) determining for the individual at least one of a set of
further clinical parameter values selected from the
group consisting of the age of the patient; the gender of
the patient; the localization of the joint complaints; the
severity of the VAS morning stiffness; the number of
tender joints; and the number of swollen joints; and,

¢) predicting the risk of the individual of developing
rheumatoid arthritis by correlating the parameter values
determined in steps a) and b) with a predefined risk
value associated with each particular parameter value.

2. The method of claim 1, wherein at least one parameter
from group a) and one parameter from group b) are deter-
mined.

3. The method of claim 1, wherein at least two parameters
from group a) and no parameters from group b) are deter-
mined.

4. The method of claim 1, wherein no parameters from
group a) and at least two parameters from group b) are
determined.

5. A method according to claim 1, wherein step a)
comprises providing a biological sample of the individual
and determining in vitro 1) the serum level of C-reactive
protein, HS C-reactive protein (HS CRP) or ervthrocyte
sedimentation rate (ESR); ii) the presence or absence of
Rheumatoid factor or Rheumatoid Factor autoantibody
titers; and, iii) the presence or absence of anti-CCP antibod-
ies or anti-CCP antibody titers.

6. A method according to claim 1 or 2, wherein the set of
further clinical parameter values consists of the age of the
patient; the gender of the patient; the localization of the joint
complaints; the length of the VAS morning stiffness; the
number of tender joints; and, determining the number of
swollen joints.

7. A method according to claim 6, wherein a prediction
score is calculated as the sum of the risk values for each
parameter value.

8. A method according to claim 7, wherein the risk values
assigned to respective parameter values are between 50%
and 150% of the values in a)-1):

a) 0 for less than 5 mg/l, C-reactive protein;

0.6 for 5-50 mg/L C-reactive protein;

1.6 for more than 50 mg/L. C-reactive protein;
b) 0 for the absence of the Rheumatoid factor;

0.8 for the presence of the Rheumatoid factor;
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¢) 0 for the absence of anti-CCP antibodies;
2.1 for the presence of anti-CCP antibodies;

d) 0.02 for each year of age;

e) 0 for male gender; 0.8 for female gender,

) 0.6 in case of involvement of small joints hands and
feet;

0.5 in case of symmetric involvement;
0.8 in case of involvement of upper extremities; or
1.3 in case upper and lower extremities;

2) 0 for alength of the VAS morning stiffness less than 26
mm;

1 for a length of the VAS morning stiffness of 26-90
mm;

2.2 for a length of more than 90 mm;
h) 0.6 for 4-10 tender joints;

1.2 for more than 10 tender joints; and,
1) 0.4 for 4-10 swollen joints;

1 for more than 10 swollen joints;

and whereby the maximum prediction score is 14 for an
age of 100 years.
9. A method according to claim 8, wherein the risk values
assigned to respective parameter values are between 75%
and 125% of the values in a)-1):

a) 0 for less than 5 mg/l, C-reactive protein;

0.5 for 5-50 mg/[, C-reactive protein;

1.5 for more than 50 mg/l, C-reactive protein;
b) 0 for the absence of the Rheumatoid factor;

1 for the presence of the Rheumatoid factor;
¢) 0 for the absence of anti-CCP antibodies;

2 for the presence of anti-CCP antibodies;
d) 0.02 for each year of age;
e) 0 for male gender; 1 for female gender;

) 0.5 in case of involvement of small joints hands and
feet;

0.5 in case of symmetric involvement;
1 in case of involvement of upper extremities; or
1.5 in case upper and lower extremities;

2) 0 for alength of the VAS morning stiffness less than 26
mm;

1 for a length of the VAS morning stiffness of 26-90
mm;

2 for a length of more than 90 mm;
h) 0.5 for 4-10 tender joints;
1 for more than 10 tender joints; and,
1) 0.5 for 4-10 swollen joints;

1 for more than 10 swollen joints.
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10. A method according to claim 8 or 9, wherein the
predicted risk for the individual on developing rheumatoid
arthritis is determined by correlating the prediction score for
the individual with the risk associated with that prediction
score in accordance with a predetermined probability dis-
tribution.

11. A method according to claim 10, wherein the prede-
termined probability distribution is a probability distribution
as depicted in FIG. 5.

12. A method according to claim 1, wherein the individual
1s an individual with recent onset undifferentiated arthritis,
with a presumed but unconfirmed diagnosis of rheumatoid
arthritis, or with theumatoid arthritis diagnosed according to
the ACR or other criteria.

13. A method of predicting whether an individual with
undifferentiated arthritis will develop rheumatoid arthritis,
wherein the method comprises the steps of

a) receiving at a computer a set of clinical parameter
values for the individual comprising at least one clini-
cal parameter value selected from the group consisting
of

1) a serum level of C-reactive protein, HS CRP or ESR;

11) an indicator indicating presence or absence of Rheu-
matoid factor autoantibodies or Rheumatoid factor
autoantibody titers; and

iil) an indicator indicating presence/absence of anti-
CCP antibodies or anti-CCP antibody titers;

b) receiving at the computer a set of further clinical
parameter values for the individual comprising at least
one of an age of the patient; a gender of the patient; an
indication of localization of joint complaints; a length
of the VAS morning stiffness; a number of tender joints;
and, a number of swollen joints; and,

¢) correlating each of the parameter values and the further
clinical parameters with a risk value associated with
each particular parameter value.

14. A computer comprising a processor and memory, the
processor being arranged to read from said memory and
write into said memory, the memory comprising data and
instructions arranged to provide said processor with the
capacity to perform a method of predicting whether an
individual with undifferentiated arthritis will develop rheu-
matoid arthritis, wherein the method comprises the steps of

a) determining for the individual at least one clinical
parameter value comprising at least one of

1) a serum level of C-reactive protein HS C-reactive
protein or erythrocyte sedimentation rate;

i1) an indicator indicating presence or absence of Rheu-
matoid factor autoantibodies or Rheumatoid factor
autoantibody titers; and,

iil) an indicator indicating presence or absence of
anti-CCP antibodies or anti-CCP antibody titers;

b) determining a set of further clinical parameter values
comprising at least one of an age of the patient; a
gender of the patient; an indication of localization of
joint complaints; a length of the VAS morning stiffness;
a number of tender joints; and, a number of swollen
joints; and,
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¢) determining a predicted risk of the individual devel-
oping rheumatoid arthritis by correlating the parameter
values determined in steps a) and b) with a predefined
risk value associated with each particular parameter
value.

15. A computer according to claim 14, wherein the
computer has an input connected to a sample analyser for
receiving analysis data signals of a biological sample, and
wherein the processor is arranged for determining from said
analysis data signals: 1) the serum level of C-reactive pro-
tein, HS C-reactive protein or erythrocyte sedimentation
rate; ii) the presence or absence of Rheumatoid factor or
Rheumatoid factor autoantibody titers; and, iii) the presence
or absence of anti-CCP antibodies or anti-CCP antibody
titers of said sample as clinical parameters.

16. A computer according to claim 14, wherein the
processor is arranged for calculating a prediction score as
the sum of the risk values for each parameter value.

17. A computer according to claim 16, wherein the
processor is arranged for determining the predicted risk for
the individual on developing rheumatoid arthritis by corre-
lating the prediction score for the individual with the risk
associated with that prediction score in accordance with a
predetermined probability distribution.

18. A computer according to claim 17, wherein the
predetermined probability distribution is a probability dis-
tribution as depicted in FIG. 5.

19. A sample analyser comprising a computer according
to claim 14.

20. A computer program product comprising data and
instructions and arranged to be loaded in a memory of a
computer, the data and instructions being arranged to pro-
vide said computer with the capacity to perform a method of
predicting whether an individual with undifferentiated
arthritis will develop rheumatoid arthritis, wherein the
method comprises the steps of

a) receiving the individual a set of clinical parameter
values comprising at least two of

1) a serum level of C-reactive protein, HS CRP or ESR;

il) an indicator of presence or absence of Rheumatoid
factor autoantibodies or Rheumatoid factor autoan-
tibody titers; and,

iii) an indicator of presence or absence of anti-CCP
antibodies or anti-CCP antibody titers;

b) receiving a set of further clinical parameter values
comprising at least one of an age of the patient; a
gender of the patient; an indication of localization of
the joint complaints; a length of the VAS morning
stiffness; a number of tender joints; and, a number of
swollen joints; and,

¢) determining a predicted risk of the individual devel-
oping rheumatoid arthritis by correlating the parameter
values determined in steps a) and b) with a predefined
risk value associated with each particular parameter
value.

21. A data carrier provided with a computer program
product as claimed in claim 20.
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22. A method for determining a predicted risk of an
individual developing rheumatoid arthritis, the method com-
prising:

a) receiving characteristics of an individual, the charac-
teristics comprising at least two of:

an indicator of a serum level of C-reactive protein, HS
CRP or ESR;

an indicator of a presence or absence of Rheumatoid
factor autoantibodies or Rheumatoid factor autoanti-
body titers; and

an indicator of a presence or absence of anti-CCP anti-
bodies or anti-CCP antibody titers in a blood sample
from the individual;

b) assigning a risk value to each of the characteristics;
and,

¢) determining a predicted risk of the individual devel-
oping rheumatoid arthritis, the predicted risk being
determined based at least partly on the determined risk
values.

23. The method of claim 22, wherein at least some of the
characteristics are received from a blood sample analyzer.

24. The method of claim 22, wherein the individual has
been diagnosed with undifferentiated arthritis.

25. The method of claim 22, wherein the received char-
acteristics include indicators of least one of: an age of the
patient; a gender of the patient; a localization of the joint
complaints; a length of the VAS morning stiffness; a number
of tender joints; and a number of swollen joints.

26. The method of claim 25, wherein at least some of the
characteristics are entered into a user interface that commu-
nicates the characteristics via one or more networks.

27. The method of claim 22, further comprising transmit-
ting the predicted risk via email.

28. The method of claim 22, further comprising transmit-
ting the predicted risk to a server that is accessible to
authorized users.

29, The method of claim 28, wherein authorized users
comprise at least one of the individual and a healthcare
provider for the individual.

30. The method of claim 22, wherein the predicted risk
indicates the individual’s risk of developing rheumatoid
arthritis within a predetermined time period.

31. The method of claim 22, wherein assigning comprises
accessing data in a computer memory associating risk values
with characteristics.

32. The method of claim 22, wherein the determined
predicted risk is expressed as a percentage chance of the
individual developing rheumatoid arthritis.

33. A system for determining a predicted risk of an
individual with undifferentiated arthritis developing rheu-
matoid arthritis, the system comprising:

a) means for receiving characteristics of an individual, the
characteristics comprising at least two of:

an indicator of a serum level of C-reactive protein,
HS-CRP or ESR;
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an indicator of a presence or absence of Rheumatoid
factor autoantibodies or Rheumatoid factor autoanti-
body titers; and

an indicator of a presence or absence of anti-CCP anti-
bodies or anti-CCP antibody titers in a blood sample
from the individual,

b) means for assigning a risk value to each of the
characteristics; and

¢) means for determining a predicted risk of the individual
developing rheumatoid arthritis based at least partly on
the assigned risk values.
34. A system for determining a predicted risk of an
individual with undifferentiated arthritis developing rheu-
matoid arthritis, the system comprising:

a) a blood sample analyzer configured to analyze a blood
sample provided by the individual and determine at
least two of:

an indicator of a serum level of C-reactive protein,
HS-CRP or ESR;

an indicator of a presence or absence of Rheumatoid
factor autoantibodies or Rheumatoid factor autoanti-
body titers; and

an indicator of a presence or absence of anti-CCP anti-
bodies or anti-CCP antibody titers in a blood sample
from the individual; and

b) a computing device configured to assign a risk value to
each of the indicators determined by the blood sample
analyzer, wherein the computing device accesses data
stored in a memory associating ranges of values for
each of the indicators with respective risk values, the
computing device further configured to determine a
predicted risk of the individual developing rheumatoid
arthritis based at least partly on the assigned risk
values.

35. The system of claim 34, wherein the blood sample

analyzer is located remote from the computing device.

36. The system of claim 35, wherein the indicators are
transmitted to the computing device via a network commu-
nication link.

37. The system of claim 34, wherein the blood sample
analyzer is located proximate the computing device.

38. The system of claim 34, wherein the computing device
is further configured to transmit one or more electronic
messages indicating the determined predicted risk.

39. The system of claim 34, wherein the computing device
received the indicators via a web interface in data commu-
nication with the computing device.

40. The system of claim 34, wherein the computing device
is further configured to assign a risk value to indicators
indicating at least one of an age of the patient; a gender of
the patient; a localization of the joint complaints; a length of
a VAS morning stiffness; a number of tender joints; and a
number of swollen joints.
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