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ABSTRACT

Remarkable progress has been made in the development of effective
treatments for patients with rheumatoid arthritis (RA). To ensure that a patient is
optimally responding to treatment, consistent monitoring of disease activity is
recommended. Established composite and individual disease activity measures
often cannot be computed due to missing laboratory values. Simplified measures
that can be calculated without a lab value have been developed and previous
studies have validated these new measures, yet differences in their performance
compared with established measures remain. Therefore, the goal of my doctoral
research was to examine and evaluate disease activity and composite measures
to facilitate monitoring of response in clinical care settings and inclusion of
patients with missing laboratory values in epidemiological research.

In the first study, the validity of two composite measures, the Clinical
Disease Activity Index (CDAI) and the Disease Activity Score with 28 joint count
(DAS28) was examined and both were significantly associated with a
rheumatologist’s decision to change therapy (CDAI OR=1.58; 95% CI: 1.42, 1.76)
(DAS28 OR=1.34; 95% CI 1.27,1.56). However, further evaluation using receiver
operating characteristic (ROC) analysis found that they were not strong
predictors of physician decisions to change therapy (AUC=0.75, 0.76,
respectively). Thus, they should not be used to guide treatment decisions in the

clinic.
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Two measures of disease activity, erythrocyte sedimentation rate (ESR)
and C-reactive protein (CRP) are often not measured and impede the
computation of composite measures of disease activity. In the second study,
significant factors which may predict the measurement of the ESR and CRP were
identified and included physician and clinical variables but no quantitative
disease activity measures. Thus the suitability of the ESR and CRP as measures
of disease activity is suspect.

In the final study, | created a new composite measure, the modified
disease activity score with 28 joint count (mMDAS28), by replacing the laboratory
value in the DAS28. The mDAS28 was then validated by comparing its
performance with the DAS28. The measures were strongly correlated (r=0.87),
and strong agreement was found between the two measures when categorizing
patients to levels of disease activity (k=0.77) and treatment response (k=0.73).
Therefore, the mDAS28 could be used in place of the DAS28 when laboratory
values needed to compute the DAS28 are missing.

In summary, | found that the CDAI and DAS28 were not strong predictors
of the rheumatologist’s decision to change therapy. | also found that the
variability in the measurement of ESR and CRP was not associated with disease
activity. | was able to modify the DAS28 by replacing the laboratory measure and
create a new simplified measure, the mDAS28. | also validated the mDAS28 for

use in the clinic and in epidemiological research when the DAS28 is unavailable.
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Introduction



1.1 Description and Consequences of Rheumatoid Arthritis

Rheumatoid arthritis (RA) is a systemic, chronic condition that can cause
joint damage and destruction, disability and death (1). RA occurs worldwide and
affects about 1% of the adult population (2). In the United States, approximately
2.1 million people are affected (1). The disease is about 5 times more prevalent
in indigenous peoples of North America compared with Caucasians in Europe
and North America. Asian and African populations have a much lower prevalence
of RA (1).

The disease is characterized by joint pain, stiffness and swelling due to
synovial inflammation and effusion. It has a variable disease course among
patients with frequent flares and fluctuations in disease activity. The disease is a
heterogeneous disorder with multifaceted clinical features between patients (1).
Common symptoms of RA include tenderness and swollen joints, pain, stiffness,
limited range of motion in joints, loss of appetite, muscle pain and skin nodules
(3). RA can begin in any joint and commonly begins in the smaller joints of the
fingers, hands and wrists. Management of the disease is made difficult due to
this multi-faceted nature. Frequent assessment of disease activity is necessary
to ensure effectiveness of treatment, but assessment using only a single
guantitative disease measure such as an acute phase reactant or joint count is
inaccurate for groups of patients (4).

The cause of RA is unknown. RA occurs 2 to 3 times more often in women

then in men, which suggests possible hormonal factors triggering or modulating



the onset of the disease. In addition, gender appears to influence the phenotype
of the disease with more women experiencing structural joint damage and more
men affected by erosions to the bones. The peak age of onset of adult RA is
between 40 and 60 years old but can begin as early as the second decade.
Recent research suggests that the age of onset is shifting towards later in life but
this trend could be artifactual and due more to the increase in an aging
population. Patients with RA may become considerably catabolic and also may
experience significant anorexia and malnourishment. On the other hand,
sedentary and extremely poor eating habits in other patients with RA may lead to
obesity impacting already damaged weight bearing joints and other organ
systems. Other factors which influence the course and outcome of the disease
are formal education and marital status as well as smoking (1).

The consequences of RA are substantial (5). Affected individuals
experience significant joint damage and destruction and RA is associated with
several comorbidities, notably cardiovascular disease, which increases the
mortality rate of affected individuals. As the disease progresses, a patients’ daily
activities and functional status are affected. RA has a substantial economic
impact with over $26-$32 billion spent annually on long-term care and loss of
employment (2). The enormous individual patient and economic consequences
of RA can only be prevented by treatment with effective therapeutic agents and

consistent disease activity monitoring to ensure that treatment is effective (6, 7).



1.2 Contemporary Treatment of Rheumatoid Arthritis

The therapeutic aim in rheumatoid arthritis is to achieve maximum
response to treatment and the lowest disease activity level, ideally remission (8,
9). Up until the last decade, treatment options for RA were sparse and the few
treatments that were available were prone to toxic side-effects and often not
effective (1). Surgery was the mainstay of treatment especially to correct
deformities and most patients became disabled (1). Over the last decade, the
development of new and effective treatments especially disease modifying
antirheumatic drugs has substantially improved the prognosis for patients with
RA with many patients now experiencing lower disease activity and remission (9)

There are several different classes of drugs used to treat RA. Two kinds
target pain relief and reduce inflammation but do not prevent tissue injury or
progressive joint damage (10). They include: nonsteroidal anti-inflammatory
drugs (NSAIDs) and analgesic drugs. NSAIDs include aspirin, ibuprofen,
indomethacin, and COX-2 inhibitors such as valdecoxib and celecoxib and low
dose corticosteroids or prednisone. Analgesic drugs include: acetaminophen,
propoxyphene, meperidine, morphine and tramadol.

A more effective class of drugs includes the disease modifying
antirheumatic drugs (DMARDS) (10). These drugs and to some extent
glucocorticoids can control active synovitis and impede joint damage and
destruction, but cannot reverse existing joint deformities or erosions. DMARDs

are normally used in combination with NSAIDs and/or prednisone. Examples of



these drugs include: Methotrexate (MTX), injectable gold, penicillamine,
azathioprine, chloroquine, hydroxychloroquine, sulfasalazine and oral gold.
MTX, a component of most treatment regimens, has the highest retention rate
compared with other DMARDSs (6).

Recently, several new DMARDS, biologic response modifiers (biologics),
were introduced, expanding the therapeutic armamentarium against RA (11). In
addition to reducing inflammation, they can prevent joint damage but act
differently than traditional DMARDSs. These new DMARDs modify the immune
system by inhibiting the production of proteins called cytokines, which contribute
to inflammation. Examples of these drugs include: etanercept, infliximab,
adaliumumab and anakinra. Clinical trials of these agents have reported that
they may be more effective than traditional DMARDs because, in addition to
halting symptoms of the disease, they also slow disease progression. Although
highly effective, these agents are expensive with an annual treatment cost of
$12,000 to $16,000. Clinical trials have also reported variability in the response
of patients to these agents. Not all patients respond well to these agents, with
many developing adverse effects, attesting to the heterogeneity of the disease
(11).

Treatment recommendations from the American College of Rheumatology
(ACR) published in 2008 (9) recommend aggressive treatment immediately after
the patient is diagnosed to achieve tight control of disease activity and prevent

bone and joint destruction. Several studies (12-14) have reported that aggressive



treatment of RA can prevent joint damage and thus prevent loss of function, loss
of ability to work and expensive medical costs and surgery. Evidence that
treatment of RA is more effective in the early stages includes several
observational studies (12, 13, 15-17), which report substantial erosions of the
bone occur in the first 2 years of the disease.

The ACR also recommends on-going measurement of disease activity to
guide in the treatment decisions made by physicians and to ensure treatment
effectiveness (9). A number of composite disease activity measures are available
to rheumatologists but some have limitations when used in a clinical setting (18).
They often cannot be calculated due to missing laboratory values, and thus,
disease activity and treatment response cannot be measured in clinical care. In
epidemiological research using observational registry data, patients with missing
laboratory values, and thus missing composite disease activity scores, are often
excluded from analyses, reducing the available cohort and most likely biasing the
study results. For new DMARD therapies to demonstrate effectiveness in
decreasing and preventing further joint damage, feasible measures to facilitate
the consistent and accurate measurement of disease activity and response to
treatment must be available for use in clinical care and in epidemiological

research using registry data.



1.3 Measurement of Disease Activity and Treatment Response
1.3.1 Clinical Trials: Standard Composite Measures

Measurement of disease activity and response to treatment is complex
due to the multifaceted nature of RA. No single quantitative ‘gold standard’
measure can assess and monitor disease activity (19, 20). Clinical trials have
been the main source of information about the efficacy of new treatments for RA.
In clinical trials, a variety of measures have been used (20). Up until the early
1990s, up to 10 different individual measures of disease activity representing
different aspects of the disease, ranging from grip strength to joint counts to two
acute phase reactants (APR) (21), the erythrocyte sedimentation rate (ESR) (22)
and C-reactive protein (CRP) (23), were used to assess disease activity (24-27).
Analyses of clinical trial results were hampered by these multiple individual
measures for several reasons: the inability to directly compare the efficacy of
new drugs to a common standard, potential reporting of only outcome measures
that demonstrated an impressive result and the risk of a Type | error from
multiple statistical testing (24). To standardize measurement of disease activity in
clinical trials, it was recommended by the international rheumatology community
that clinical trials measure a uniform core set of seven disease activity endpoints,
each representing one component of the disease (28). Table 1.1 lists these

endpoints:



Table 1.1 Core set of seven disease activity measures for clinical trials

Domain Disease Activity Measures

Physician-reported

Disease activity Tender joint count (20, 24)
Disease activity Swollen joint count (24)
Disease activity Physician Global Assessment (20, 24)

Patient-reported

Pain Pain Assessment (20, 24)
Disease activity Patient Global Assessment (20, 24)
Physical function Often measured by the HAQ (20, 24)

Lab Values —-measurement of one lab value

Disease Activity ESR(24) or CRP(24)

HAQ- Health Assessment Questionnaire; ESR-Erythrocyte Sedimentation
Rate; CRP- C-reactive protein.

Use of this core set of seven individual measures in clinical trials improved
the ability to compare results across trials. However, results were difficult to
interpret because of multiplicity in the use of the individual measures resulting in
a conflicting picture of efficacy (29). To improve interpretation of results, the
core set of endpoints were combined to form a composite index which would
produce one score of disease activity (30). The advantages of a composite index
over individual measures include little duplicity between measures and increased
ability to detect changes in disease activity over time or sensitivity to change (24,

31, 32). A study (33) reported that no single measure of disease activity could



distinguish between active or placebo treatment but a pooled index of these
individual measures was effective. Therefore, the pooled index was a much more
effective approach to assess clinic outcomes compared to individual measures.
In addition to using composite indices in clinical trials to measure disease activity,
criteria to measure change in disease activity or response to treatment were
developed (34, 35).

Composite indices are continuous measures that can quantify a patients’
level of disease activity into one score for ease of interpretation and
comparability of clinical trial results. They are composed of the core set of
individual disease activity measures (see Table 1.1) representing several aspects
of the disease. The composite indices most widely used in randomized controlled
trials (RCTs) are the Disease Activity Score (DAS) (19, 25, 36-38) and its
modified version using 28 joint count, the DAS28 (19, 25, 39-41). The DAS and
DAS28 are continuous measures with scores ranging from 0-10. Higher scores
indicate worse disease activity. They combine data on swollen joint count (SJC),
tender joint count, (TJC) ESR, and the patient’s global health (PGA) measured
by a visual analog scale. This thesis will utilize only the DAS28 and not the DAS
since the DAS28 is used more often in assessing disease activity. The DAS28 is

calculated using the following formula:

DAS28= 0.56 * V(28TJC) + 0.28 * V(28SJC) + 0.70 * log [ESR] + 0.014 * PGA
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It is a simplified version of the DAS and utilizes the 28-joint tender and
swollen joint counts instead of the more involved joint counts of the original DAS.
The DAS28 has been shown to be as valid as the DAS (39).

A variation of the DAS28 has been developed, the DAS28-CRP and can
be calculated using the laboratory value CRP instead of ESR (42). It has
received little validity testing and thus is not used very often in clinics or in
research. In this thesis, the DAS28 containing ESR will be used. Although there
is no one “gold standard” measure in RA, many consider the DAS28 to be the
gold standard and numerous studies have used the DAS28 as a comparator
when validating new disease activity measures (16, 43-47).

Response criteria were established for use in RCTs to determine the
effectiveness of new treatment modalities. Response can be defined as a
“significant or relevant change in disease activity” (19). The two most widely used
sets of response criteria in clinical trials are the American College of
Rheumatology (ACR) improvement criteria (19, 25, 34) and the European
League Against Rheumatism (EULAR) response criteria (25, 35).

The ACR improvement criteria were developed as a single score to
measure the improvement or change from the start of treatment (baseline) to a
given endpoint. The ACR criteria do not measure the actual state of disease
activity. The ACR improvement criteria are comprised of the seven core set
variables (see Table 1.1) while the EULAR response criteria, which are based on

the DAS28 include only four (19). Usually clinical trials in RA had reported on the
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average improvement (mean or median) of treated patients with the average
improvement of one treatment compared to another. The efficacy of a treatment
is determined by comparing group means of changes in disease activity
variables. However, a significant difference between groups does not indicate the
actual number of individual patients who responded to treatment. It was
determined with the ACR improvement criteria that a uniform definition of
improvement, the percentage of patients improving, could be compared across
clinical trials. Furthermore, improvement in individual patients could be assessed.
The definition of improvement determined by the ACR clinical trial patients is

depicted in Table 1.2:

Table 1.2 ACR improvement criteria

¢ Improvement in Tender and Swollen joint
counts

|
And improvement in 3 of the following 5 core set measures
|

+ Pain scale

+ Patient Assessment

+ Physician Assessment

+ Functional questionnaire

¢ Lab value (ESR or CRP)

ACR-American College of Rheumatology; ESR-Erythrocyte
Sedimentation Rate; CRP-C-reactive protein;
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The ACR response (ACR20) is defined as 20% improvement in tender
and swollen joint counts and 20% improvement in 3 of the 5 core set measures in
Table 2. ACR50, ACR70 or ACR90 reflect, 50%, 70% or 90% improvement in the
above parameters.

The definition of response as measured by the EULAR response criteria
differs conceptually from the ACR improvement. Rather than defining
improvement or no improvement, the EULAR definition classifies patients into
three groups, no response, moderate and good response. The EULAR response
criteria reflect two components: the present level of the disease activity score
using DAS28 and the change in disease activity from baseline (when the drug
was initiated) to a given endpoint. A change in disease activity of 1.2 in an
individual patient signifies a statistically significant change (37). The EULAR
measures the relevant change in disease activity since the start of treatment and
the level of disease activity at the follow-up visit. Table 1.3 depicts the

measurement algorithm for the EULAR criteria.

Table 1.3 EULAR response criteria using DAS28

DAS28 at endpoint Improvement in DAS28 from baseline
>1.2 >0.6 and 1.2 <0.6
<3.2 Good
Moderate
>3.2and s5.1 None
>5.1

EULAR-European League Against Rheumatism; DAS28-Disease Activity Score
with 28 joint count
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Minimum response to determine active treatment from placebo in clinical
trials is assessed by ACR20 and moderate EULAR values. Great improvement

in the patient is indicated by ACR50, 70 and 90 and EULAR major response (48).

1.3.2 Clinical Care and Epidemiological Research: Simplified Composite
Measures

The DAS28 and the response criteria measures have proven effective in
clinical trials to measure disease activity level and response to treatment in
groups of patients (19), but have not proven as useful in the daily practice setting
(44) or in epidemiological research utilizing observational registry data (45).
Since patients selected for clinical trials have a certain level of disease activity
and since clinical trials follow patients for only a short period of time, it is not
feasible to use the same measures of response in a clinical practice (19, 20).
Computation of the DAS28 requires an acute phase reactant (APR), either the
ESR or the CRP, that is oftentimes not available during the office visit preventing
the score from being calculated at the clinical encounter (25, 49). Few studies
have examined the frequency of measurement of ESR or CRP in clinical care or
the correlates associated with measurement of ESR or CRP. Large variation in
the clinical measurement of ESR and CRP has been reported (50, 51). Physician
practice style and training have been found to be related to measurement of ESR
and CRP (50, 51). In addition, uncertainty about the value of the tests may

influence physician laboratory monitoring practices (52). Studies need to be done
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to determine why there is variability in the measurement of ESR and CRP and
identify correlates influencing their measurement. lllumination of these factors

could help improve the clinical management of RA by facilitating the consistent
monitoring of disease activity to guide treatment as recommended by the ACR
and also improve epidemiological research studies.

The EULAR response criteria is limited in use in the clinical care setting
since it is derived using the DAS28. The ACR improvement criteria measure the
percent improvement for an individual patient’s response to treatment which was
an important measure in clinical trials. But in clinical practice, it is more important
to measure the actual amount of disease activity since the goal is to suppress
disease activity then to determine the percentage of the patient’s response (19).
Thus the ACR response criteria will be of limited use in a clinical setting since it
does not measure disease activity levels (19).

Two simplified composite disease activity indices have recently been
developed to address the limitations of the DAS28 and the EULAR and ACR
response criteria. These new measures, the Clinical Disease Activity Index
(CDAI) (25, 53) and the Simplified Disease Activity Index (SDAI) (54) have been
specifically designed to provide the physician with a feasible and accurate tool to
monitor disease activity in a clinical setting. Both are numerical scores but the
SDAI requires the lab value CRP to be computed and thus its use may be limited
in clinical care. The CDAI does not require a lab value allowing it to be computed

during the office visit to facilitate clinical decision-making while the patient is
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present (49). It is comprised of tender joint count (TJC), swollen joint count
(SJC), patient global assessment (PGA) and physician global assessment of
disease activity (PhGA). The SDAI and the CDAI are calculated using the
following formulas:

SDAI= 28 TJC + 28 SJC + PGA + PhGA + CRP

CDAI= 28 TJC + 28 SJC + 