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ABSTRACT

Information concerning the effective -
ness of drug therapy cannot be obtain -
ed only from randomized controlled
clinical trials, due to limitations such as
a short time frame and narrow inclu -
sion and exclusion criteria. Therefore,

complementary longitudinal observa -
tional studies performed in a real life
setting are required. NOR-DMARD, a
Norwegian 5-center register, was esta -
blished in December 2000. All DMARD
prescriptions to patients with inflamma -
tory arthropathies are included, and
patients are followed longitudinally
with a variety of assessments. As of
2005, 4683 DMARD regimens have
been included. Methotrexate is the most
commonly used DMARD in rheumatoid
arthritis and psoriatic arthrits. The
proportions of patients who have re -
ceived anti-TNF drugs in rheumatoid
arthritis, psoriatic arthritis, ankylosing

sponadylitis, juvenile arthritis and other

diseases have been 22.5, 21.6, 53.8,

36.9 and 9.7%, respectively. The pro -
portion of patients receiving anti-TNF

drugs is considerably higher in 2004
than earlier, and criteria for prescrib -
ing anti-TNF drugs appear to betrend -
ing toward patients with less severe
and active disease. Confounding by
indication or channeling bias repre -
sents a challenge for the group com -
parisons of longitudinal effectiveness
data, but can be addressed by modern
statistical techniques. The NOR-

DMARD register may in the future pro -
vide comparative real life effectiveness
data that may also be used in cost-

effectiveness analyses.

Introduction

Rheumatoid arthritis (RA) is a hetero-
geneous disease, with a natural history
that often includes a disabling outcome
and reduced life expectancy. Epidemio-
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logical studies in Scandinavia have
revealed an annual incidence of 25 per
100,000 (1) and a prevaence of about
0.5% (2). The short-term therapeutic
goal isusualy to relieve symptoms and
improve function by reducing inflam-
mation to achieve the magjor long-term
goals of stopping or slowing progres-
sion of radiographic damage, improv-
ing functional health status, and reduc-
ing mortality.

Traditional drug management includes
the use of symptom-modifying thera-
pies, mainly nonsteroidal anti-inflam-
matory drugs and corticosteroids, com-
bined with disease modifying anti-
rheumatic drugs (DMARDS). Several
advances have been achieved during
recent years regarding the practical use
of traditiona DMARDs. Withdrawal of
DMARDs in patients with partial re-
mission leads to the increased risk of
disease exacerbation (3), indicating
that DMARD therapy should be main-
tained when effective. Several studies
have demonstrated the importance of
early DMARD therapy after disease on-
set (4-7) and combinations of DMARDs
have been shown to be more effective
than single drug therapy, and with a
similar tolerance (8-10).

Another major recent advance involves
the development of biological agents,
particularly anti-tumor necrosis alpha
(anti-TNFa) agents. These compounds,
including infliximab, etanercept and
adalimumab, have been shown to bene-
fit a large number of patients who fail
or have partia responses to standard
DMARD therapy. Several randomized
controlled clinical trials have demon-
strated that anti-TNF drugs are superior
to methotrexate (MTX) in such patients
(11-17). Their efficacy in retarding
radiographic progression has been con-
vincing (12). Leflunomide (LEF), a
new DMARD, has also been shown to



ANorwegian DMARD register/ T.K. Kvien et al.

have efficacy at least on the same level
astraditional DMARDsin RA (18).
Randomized controlled clinical trids
have severa limitations. They are of
short duration (maximum 2-3 years),
especialy when considering the long-
term course of the disease (19). Sec-
ondly, the study populations do not nec-
essarily reflect the real life patient pop-
ulations that are exposed to the drug
therapy in clinical practice, which is
due to specified protocol requirements
(20-23). Therefore, data from clinical
trials (efficacy data) are less useful
compared to rea life data (effective-
ness) when examining the cost-effec-
tiveness ratio of therapies (24-26).

To provide data on the real life effec-
tiveness of DMARDs and anti-TNF
drugs, we established a Norwegian reg-
ister of DMARD prescriptions for pa
tients with inflammatory arthropathies,
which we titled the NOR-DMARD
register. Five rheumatology depart-
ments covering a total of 1.3 million
inhabitants provide patient data. The
overall objectiveisto examinethe safe-
ty and effectiveness of DMARD regi-
mens in clinical practise, and to collect
data that can be useful for cost-effec-
tiveness evauations.

Patients and methods
All consecutive DMARD prescriptions
in adult patients (3 18 years) with
inflammatory arthropathies are includ-
ed. Each prescription of aDMARD re-
gimen represents one case. For exam-
ple: apatient receives a prescription for
MTX monotherapy and is included in
NOR-DMARD. After 4 months, due to
lack of efficacy the patient continues
MTX but receives in addition sulfasa-
lazine (SSZ) and hydroxychloroquine
(combination regimen). The case is
then recorded as a termination of MTX
monotherapy, and the patient isthen re-
included as a new case in NOR-
DMARD under the category of combi-
nation regimen.
Study variables are collected at base-
line, after 3, 6, 12 months and then
yearly up to treatment termination. The
variables collected a each visit
include:
* Drug therapy

Current drug therapy

Final date of DMARD regimen (if

applicable)

Reason for treatment termination (if

applicable)

Concomitant medication
» Measures of disease process and out-
come

Pain [100 mm visual analogue scale

(VAS)]

Fatigue (100 mm VAYS)

Patient global assessment (100 mm

VAS

Physician global assessment (100

mmVAS)

28 swollen joint and 28 tender joint

count (28-SJC and 28-TJC)

Modified health assessment ques-

tionnaire (MHAQ)

Erythrocyte sedimentation rate (ESR)

C-reactive protein (CRP)

Disease activity score [DAS-28, cal-

culated on the basis of 28-SJC and

28-TJC, patient globa and ESR (27)]

SF-36 [also used for calculation of

SF6-D, a utility to be used in cost-

effectiveness analyses (28)]
*» Adverse events
« Employment status
* Health care utilisation
At baseline, we also record demogra-
phic variables (age, gender, years of
education, smoking, coffee consump-
tion), diagnosis, disease duration, pre-
vious DMARD regimens, IgM rheuma-
toid factor (yes/no), erosive disease
(yes/no), rheumatic nodules (yes/no),
and comorbidity (checklist).
The study has been approved by the
Norwegian Data | nspectorate, the regi-
onal ethical committee and the drug re-
gulatory authorities (as a phase 1V ob-
servational study). Patients must com-
plete a written informed consent form
before their inclusion in the study.
Each center has a full- or part-time re-
search nurse who usually performs the
joint counts and organizes the logistics
of data collection. Dataare entered in a
central secretariat where a designated
person is responsible for data manage-
ment. The course of the key outcome
measures (e.g. DAS, MHAQ, joint
counts and acute phase reactants) is
displayed in a flow sheet which is sent
from the secretariat to the clinic (Fig.
1). This flow sheet assists the clinician
in therapeutic decisions during the
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patient follow-up.

The current annual budget of thisregis-
ter isNOK 2.5 mill (approximately Euro
300,000), which supports the costs of
research nurses and the secretariat. A
large percentage of this sum is provid-
ed by grants from pharmaceutical com-
panies. The Norwegian government has
aso provided some financial support
for the project.

Results

The number of prescriptions entered
into the database as of June 2005 was
4,683. The mean (range) age of the
patients was 51.8 (16.6-93.4) years,
the disease duration was 8.5 (0-65)
years, and the mean number of previ-
ous DMARD prescription regimens
was 1.9 (range 0-19). The magjority of
patients had RA (n = 3.039); 448 had
psoriatic arthritis (PA), 316 ankylosing
spondylitis (AS), 141 juvenile arthritis
with persistence into adult age (JA),
and 739 had other diagnoses including
unspecified arthritides. Of the RA pa-
tients 65.7% were rheumatoid factor
positive, 54.8% had erosive disease
and 19.7% had rheumatic nodules.
MTX monotherapy was the most fre-
quently prescribed DMARD regimen
(36.2%). MTX was aso the anchor
drug in most combinations (Table I).
Some DMARDSs that were extensively
used in the 1980s and 1990s were (al-
beit infrequently) prescribed, including
auranofin, azatioprine, cyclosporine,
gold-thiomalate and D-penicillamine.
For practical purposes, the DMARDs
are classified into seven major cate-
gories: anti-TNF-drugs used as mono-
therapies, anti-TNF-drugs in combina-
tion with MTX, MTX monotherapy,
MTX used in combination with other
DMARDs, LEF, SSZ and other. Table
Il shows how these seven categories of
DMARD regimens were distributed
across the various diagnoses. MTX was
most widely prescribed in RA, PA and
other inflammatory arthropathies,
whereas anti-TNF drugs were most fre
quently prescribed in AS and JA (either
as TNF monotherapy or TNF in combi-
nation with MTX). Overall, 22.5% of
the prescriptions in RAwere with TNF-
blocking agents (8.4% monotherapy,
14.1% in combination with MTX). The
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Fig. 1. Flow chart displaying the disease course over 2 years (5 visits) in a
typical patient with rheumatoid arthritis.

Besgk: visit; verdi: value; %endring:% change; SR: ESR; lege VAS: physi-
cian total; VAS smerte: VAS pain; hovne ledd: 28-SJC; gmme ledd: 28-TJC.

proportions of anti-TNF drugs in PA,
AS, JAand other diagnoses were 21.6%,
53.8%, 36.9% and 9.7%, respectively
(Tablell).

Table 111 shows the distribution of the
main groups of DMARDs within RA,
PA, AS across the year of prescription
from 2001 to 2004. The use of anti-
TNF drugs has increased in al diag-
nostic groups during recent years. For
AS, the total number of DMARD pre-
scriptions is increasing, and this in-

crease can be almost entirely attributed
to the use of anti-TNF drugs (Table
).

We wanted to examine whether the
increasing number of prescriptions of
anti-TNF drugs is related to less strin-
gent criteria for prescription. Table IV
shows a consistent trend indicating that
anti-TNF drugs are used in RApatients
with less severe disease than before.
Patients with RA receiving anti-TNF
drugs in 2004 had a lower previous
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number of DMARDSs, a lower likeli-
hood of erosions, and lower swollen
and tender joint counts, pain scores and
DAS scores. Nonetheless, the average
RA patient who received anti-TNF
therapiesin 2004 had severe and active
disease (mean DAS 5.2) and had on
average tried 3.7 previous DMARD
regimens (Table 1V).

Since one objective of this database is
to compare the effectiveness of
DMARDs, we need to take into
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Table |. Distribution of 4,683 DMARD regi-
mens prescribed to patients with inflammatory
arthropathies in the NOR-DMARD register
2001-2005.

DMARD n %
MTX 1694 36.2
Sulphasalazine 624 133
Leflunomide 421 9.0
Infliximab + MTX 261 5.6
Etanercept 238 51
Etanercept + MTX 228 49
MTX + sulphasalazine 204 4.4
Other 164 34
Adalimumab + MTX 144 31
Antimalarials 130 2.8
Adalimumab 117 25
MTX + sulphasalazine

+ antimalarials 93 20
Infliximab 87 19
MTX + antimaarias 86 18
Gold thiomalate 41 0.9
Leflunomide + MTX 39 0.8
Auranofin 30 0.6
Azathioprin 27 0.6
Anakinra+ MTX 21 04
Reumacon 14 0.3
Anakinra 8 0.2
Cyclosporin 8 0.2
Cyclosporin + MTX 3 0.1
D-penicillamine 1 0

MTX: methotrexate; SSZ: sulphasalazine; LEF:
leflunomide.

account the fact that the various
DMARDs are prescribed to patients
with different levels of disease severity
and activity. TableV displays the base-
line characteristics of 3,039 patients
with RA. Between 70-80% of the pa-
tients receiving anti-TNF-therapies had
rheumatoid factor and/or erosive dis-
ease, whereas the numbers in patients
treated with MTX and SSZ were 40-60

and 30-50, respectively. Similarly,
there is also a consistent trend indicat-
ing that patients who received anti-
TNF-therapies had scores reflecting
greater severity for al patient reported
measures, including higher joint
counts, higher levels of acute phase re-
actants and a higher number of previ-
ous DMARDs. Ongoing analyses sug-
gest that the crude responses are similar
in groups receiving MTX, SSZ and
anti-TNF, but that anti-TNF therapies
appear to be more effective — in accor-
dance with the results from randomized
trials — after adjustment for channeling
bias (data not shown).

Discussion

The NOR-DMARD database is an
example of a register which provides
real life research data concerning effec-
tiveness. Such data are complementary
to results from randomized controlled
clinical trids, since the external validi-
ty of such trials can be questioned due
to their stringent inclusion and exclu-
sion criteria (20-23). Furthermore the
register also serves an important rolein
the surveillance of the quality of care.
The disease course is documented in all
patients who are included, and the reg-
ister provides opportunities to compare
clinical practices across the 5 partici-
pating centers.

The NOR-DMARD register also
allows the documentation of changing
patterns of drug therapy over the years.
This report illustrates that anti-TNF
drugs are currently used more widely
than in earlier years (Table I11) and that
the prescriptions are based on less
stringent disease activity and severity

criteria. We have previoudly shown that
the prescription of anti-TNF drugs in
RA are similar in Denmark and Nor-
way, but that these countries have less
stringent disease activity criteria than
the United Kingdom (29). One particu-
lar strength of NOR-DMARD is the
inclusion of DMARD prescriptions of
all types of inflammatory arthropathies.
Since we include a generic assessment
tool (SF-36), we can also compare re-
sponses across diseases. One such anal-
ysis showed that anti-TNF drugs are at
least as effective in AS as in RA (30).
Theincreasing evidence of the efficacy
and effectiveness of anti-TNF drugs in
AS (31-33) has also been followed by
the increasing use of etanercept and in-
fliximab for this condition (Table IV).
The primary objective of NOR-
DMARD wasto compare the effective-
ness of different DMARD regimens.
Such comparative analyses raise spe-
cia satistical challenges. Crude data
comparing treatment groups present an
incorrect picture of the relative effec-
tiveness as they do not account for chan-
neling bias or confounding by indica
tion (Table V). Adjustment using pro-
pensity scores is one statistical tech-
nigue that could be used to account for
these differences at outset (34). We also
attempt to use logistic regression anal-
yses to examine the odds for achieving
a good EULAR response with anti-
TNF versus other DMARDS, adjusting
for factors that are assumed to influ-
ence the treatment response (rheuma-
toid factor, baseline DAS, erosive dis-
ease, age, sex, number of previous
DMARDs (35).

A primary challenge in observational

Tablell. Distribution of main categories of DMARD regimens (n = 4,683) across groups of diagnoses.

Rheumatoid Psoriatic Ankylosing Juvenile Other

arthritis arthritis spondylitis arthritis diagnoses Total
TNF mono 256 (8.4) 36 (8.0) 106 (33.5) 23 (16.3) 21 (2.8) 442 (10.4)
TNF + MTX 428 (14.1) 61 (13.6) 64 (20.3) 29 (20.6) 51 (6.9) 633 (14.9)
MTX 1072 (35.3) 215 (48.0) 39 (12.3) 35 (24.8) 333 (45.1) 1694 (40.0)
MTX + DMARD 325 (10.7) 25 (5.6) 9 (29 13 (9.2 53 (7.2 425 (10.0)
LEF 335 (110 31 (6.9) 3 (09 8 (5.7 44 (6.0 421 (9.9
Ssz 300 (9.9 53 (11.8) 81 (25.6) 12 (85 178 (24.1) 624 (14.7)
Other DMARD regimens 323 (10.6) 27 (6.0) 14 (44 21 (14.9) 59 (8.0 444  (9.5)
Tota 3039 448 316 141 739 4683

TNF mono: anti-TNF drug monotherapy; MTX: methotrexate; SSZ: sulphasalazine; LEF: Ieflunomide; DMARD: disease-modifying antirhumatic drug.
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Tablelll. Distribution of main categories of DMARDSs across year of prescription in patients with rheumatoid arthritis, psoriatic arthritis
and ankylosing spondylitis.

Psoriatic arthritis Rheumatoid arthritis Ankylosing spondylitis
2001 2002 2003 2004 2001 2002 2003 2004 2001 2002 2003 2004
TNF mono 31 16 80 109 3 2 7 19 2 2 18 58
(55 (220 (1100 (13.0) 103) (24) (2 (128 (4.0) (36) (26.9) (55.8)
TNF+MTX 51 66 112 157 0 2 22 29 7 11 17 22
(90) (9.2) (154) (18.7) (0 (24 (16.3) (19.5) (14.0) (20.0) (25.4) (21.2)
MTX 173 283 254 300 11 54 63 62 12 10 6 7
(30.7) (39.3) (349 (35.8 (379 (65.9) (46.7) (416) (2400 (182) (9.00 (6.7)
MTX + DMARD 64 88 73 7 0 5 7 12 3 3 3 0
(11.3) (122) (1000 (9.2 0o (61 (2 (81 (6.00 (55 (45 (0
LEF 99 95 74 53 0 4 11 11 1 1 1 0
(17.6) (132) (102) (6.3) 0 49 @1 (749 (200 (18 (15 (0
SSz 70 71 61 81 7 9 16 12 24 21 20 14
(124) (990 (84 (9.7 (241) (11.0) (11.9) (8.1) (48.0) (38.2) (39.9) (135)
Other 76 101 74 62 8 6 9 4 1 7 2 3
(135) (1400 (102) (7.9 (276) (7.3) (67 (27 (20) (127) (3.0) (29
Total 564 720 728 839 29 82 135 149 50 55 67 104

TNF mono: anti-TNF drug monotherapy; MTX: methotrexate; SSZ: sulphasalazine; LEF: leflunomide; DMARD: disease-modifying antirhumatic drugs.

Table V. Disease characterstics in different years of prescription of 622 patients with RA receiving anti-TNF drugs between 2001 and
2004.

2001 2002 2003 2004 p-value
(n=82) (n=82) (n=192) (n=266)

Disease duration 130  (10.0) 10.3 (7.8) 105 (85) 115  (9.7) 0.14
Number of DMARDs 5.0 (2.1) 46 (2.3) 38  (25) 37 (25 <0.001
% rheumatoid factor 81.3 84.1 75.0 77.3 0.34
% erosive disease 88.5 815 76.2 71.4 0.01
Pain (VAS) 603  (22.0) 580  (234) 522 (24.1) 523 (225) 0.01
Patient global (VAS) 64.9 (20.8) 619 (22.8) 575 (235) 555 (22.1) 0.004
28-SIC 111 (6.5) 10.0 (6.1) 87 (58) 85 (5.8 0.002
28-TJC 125 (8.0 10.9 (7.3 9.4 (7.0 93 (7. 0.002
Physician global 603  (184) 537  (19.5) 479 (184) 461 (18.9) <0.001
ESR 36.3 (24.0) 411 (275) 36.1 (26.5) 287 (22.8) <0.001
CRP 33.2 (30.2) 402  (45.4) 331 (35.3) 286 (342 0.08
SF-36 physical 336  (20.7) 330 (23.0) 397 (222 420 (23.3) 0.002
SF-36 bodily pain 250  (16.0) 262  (17.6) 299 (17.2) 311 (16.2) 0.01
MHAQ 204  (051) 197  (0.54) 192 (0.56) 179 (0.47) <0.001
DAS 594  (1.34) 585  (L24) 550 (117) 520 (1.30) <0.001

studies involves the completeness of
data. Resources are not available for
the same levels of close monitoring as
in randomized clinical trias. In the
NOR-DMARD register we have esti-
mated that 15% of al candidates for
inclusion in the register are lost, either
due to unwillingness to be included or
insufficient time for the doctors and
nurses to enter the patient into the reg-
ister. These 15% also include the pa

tients who were assigned to ongoing
randomized controlled clinical trialsin
the various centers. In addition, it ap-
pears that about 10% of patients still on
therapy are lost to follow-up per year.
About 5-10% of patientsin randomized
trials are lost to follow-up over the
course of thetrial.

Regular meetings with the participating
centers, as well as telephone conferen-
ces, are regarded as important to main-

$192

tain enthusiasm concerning the project.
There is no financial incentive for any
of the participating centers except that
each center is provided with money to
cover the salary for a part-time or full-
time research nurse. The research nurs-
es are regarded as essential to the suc-
cess of the project. It is also important
to have a professional secretariat to
manage data and report back to the cen-
ters when data are missing. An addi-
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TableV. Baseline disease characterstics across different categories of DMARD regimensin 3,039 rheumatoid arthritis patients.

MTX+

TNF mono TNF+MTX MTX DMARD LEF Ssz Other p-value

(n=256) (n=428) (n=325) (n=325) (n=335) (n=300) (n=323)
Disease duration 124 (9.3) 103 (8.8) 59 (85) 72 (80) 119 (95) 53 (85 99 (96) <0001
Number of DMARDs 44 (2.2) 36 (25) 11 (1.8 1.8 (1.5) 32 (20 08 (13 31 (28 <0001
% rheumatoid factor 79.5 76.5 60.6 64.8 727 50.7 65.2 <0.001
% erosive disease 79.1 73.2 41.1 545 69.3 33.0 61.5 <0.001
Pain (VAS) 53.2 (24.6) 534 (233) 477 (23.7) 487 (235) 523 (21.5) 448 (239) 505 (235) <0.001
Patient global (VAS) 57.2 (243) 580 (21.9) 503 (23.9) 527 (230) 562 (21.9) 470 (244) 527 (237) <0.001
28-SIC 87 (6.2 91 (5.9 80 (59 83 (5.7) 87 (5.7) 57 (44) 69 (51) <0.001
28-TJC 105 (7.7) 95 (7.1) 85 (6.8) 84 (7.0 86 (6.7) 6.5 (5.7) 74 (6.4) <0.001
Physician global 480 (19.9) 496 (19.1) 414 (17.0) 443 (17.0) 451 (17.0) 336 (158) 387 (180) <0.001
ESR 324 (23.9) 339 (256) 301 (232 283 (234) 311(232) 235 (201) 302 (24.9) 0.003
CRP 270 (283) 341 (389 249 (285) 264 (320) 268 (257) 186 (27.5) 251 (282) <0.001
SF-36 physical 395 (23.6) 394 (223) 479 (24.2) 476 (240) 408 (228) 524 (258) 430 (249) <0.001
SF-36 bodily pain 291 (17.2) 29.8 (16.9) 32.8 (17.8) 333 (17.3) 31.0 (15.1) 354 (186) 31.1 (16.5) 0.003
MHAQ 1.92 (0.57) 1.88 (0.50) 1.70 (0.52) 168 (0.52) 1.82 (0.48) 162 (0.48) 1.75 (0.57) <0.001
DAS 549 (1.31) 541 (1.32)  5.08 (1.30) 501 (143) 527 (1.23) 447 (1.34) 490 (1.35) <0.001

TNF mono: anti-TNF drug monotherapy; MTX: methotrexate; SSZ: sulphasalazine; LEF: |eflunomide, DMARD: disease-modifying antirheumatic drugs.

tional benefit for the centers is achiev-
ed through the flow sheet, which dis-
plays the disease course of individual
patients and is useful in therapeutic de-
cisonsat an individua level (Fig. 1).
Registers of drug therapy are consid-
ered especially important for the detec-
tion of infrequent adverse reactions
(e.g. severe infections, malignancies,
haematological adverse reactions etc.).
The NOR-DMARD register is not as
suitable for this purpose as some of the
nation-wide registers in countries with
amuch higher population than Norway
(36). Asshown in Table 11, about 1000
anti-TNF regimens have been included
during 4 years, which does not provide
sufficient power to generage meaning-
ful data concerning infrequent adverse
reactions.

Despite this limitation, the 5-center
NOR-DMARD register provides other
opportunities, as it includes all
DMARD regimens and DMARD pre-
scriptions to all inflammatory arthro-
pathies. This longitudinal register with
a range of assessed endpoints will also
with time provide data that will be im-
portant for cost effectiveness analyses.
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