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Abstract 

Rheumatoid arthritis (RA) is a polyarticular inflammatory joint disease with a 
prevalence of about 1% in the adult population. The severity of the disease varies 
between mild self limiting illness to aggressive, drug resistant disease which 
causes joint destruction and deformity, and ultimately severe disability. 
Spondyloarthropathies (SpA) are a group of diseases composed of inflammatory 
conditions such as asymmetric oligoarthritis of the lower extremities. Prevalence 
of SpA is estimated to be around 1% in Europe. Juvenile idiopathic arthritis 
(JIA) represents a heterogenous group of chronic inflammatory conditions 
occurring in childhood or adolescence in which the cause of arthritis remains 
unknown. Prevalence of JIA varies between 7-400/100.000 children. Due to its 
heterogeneity, the drug treatment also varies between different subtypes of JIA. 

In an inflamed joint, the synovium is converted into histologically 
differentiated pannus as a result of the influences of different inflammatory cells, 
cytokines and other mediators which also act together with matrix 
metalloproteases (MMPs) to inflict dysregulation of chondrocytes and 
degradation of articular cartilage. Tumor necrosis factor alpha (TNFα) and 
interleukin 1β (IL-1β) are key factors driving rheumatoid inflammation in the 
joint, eventually leading to erosions. 

The American College of Rheumatology (ACR) criteria are often used to 
define the clinical response to the treatment in RA. ACR20, ACR50 and ACR70 
response criteria represent clearly defined 20%, 50% and 70% improvements in 
the core set of criteria, respectively. The clinical response to the drug treatment 
in SpA can be assessed by using BASDAI (Bath Ankylosing Spondylitis Disease 
Activity Index). Treatment is regarded as ineffective if the reduction of BASDAI 
index is lower than 50% or less than 2 cm. 

According to the national guidelines in Finland, the criterion for initiating 
anti-TNFα therapy in RA patients is that the patient is suffering from a severe 
and refractory disease despite active drug treatment. Anti-TNFα therapy is 
usually added on to one disease modifying antirheumatic drug (DMARD) or to 
the combination of two or more DMARDs. The drug treatment is actively 
adjusted to achieve clinical remission or at least an ACR50 response. In SpA 
patients, anti-TNFα therapy is indicated if the patient has active disease despite 
treatment with DMARDs, like sulfasalazine. Anti-TNFα therapy is adjusted to 
achieve clinical remission or at least 50% response as assessed by BASDAI. 

The aim of the present study was to (1) investigate the effects of infliximab 
treatment on inflammatory mediator levels in patients with severe JIA, and (2) to 
study drug survival during anti-TNFα therapy in patients with DMARD resistant 
RA or SpA. 

Blood samples were collected from eight JIA patients who responded 
favourably to infliximab treatment. Clinical effects were seen already after six 
weeks of treatment. Interleukin 6 (IL-6) concentrations decreased to about half 
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and myeloperoxidase (MPO) levels by about 35% during the 12 weeks’ 
treatment period. In addition, the levels of soluble forms of adhesion molecules 
ICAM-1 and E-selectin became reduced in response to infliximab treatment. 
TNFα levels tended to increase while the levels of endogenous TNFα antagonists 
(soluble TNF receptors) were reduced in most of the patients during treatment. 

In the second part of the study, drug survival in 104 infliximab-treated 
patients was evaluated after six, 12 and 24 months of treatment, and in 53 
etanercept and 43 adalimumab-treated patients after 12 months. Drug survival in 
infliximab-treated RA and SpA patients after six, 12 and 24 months’ follow-up 
was 71%, 53% and 40%, respectively. The reasons for discontinuations were 
remission (7% in six months / 8% in 12 months / 7% in 24 months), adverse 
event (13% / 16% / 24%) and lack of efficacy (8% / 16% / 22%). Infections and 
hypersensitivity reactions were the main adverse events requiring 
discontinuation of infliximab treatment, and also two cases of drug related 
leukopenia and one case of elevated aminotransferases were observed. After 12 
months, the continuation rate was 74% in the etanercept and 60% in the 
adalimumab-treated patients. Eleven patients were regarded as poor responders, 
seven (13%) in the etanercept group and four (9%) in the adalimumab group. 
Adverse events (mainly infections and injection reactions) caused six (11%) 
discontinuations in etanercept-treated group and 11 (26%) discontinuations in 
adalimumab group. Etanercept was discontinued due to some other adverse event 
in two patients, in one patient due to adenocarcinoma of the ovary and in one 
patient due to drug related leukopenia. One patient treated with adalimumab 
developed the clinical and immunological features of systemic lupus 
erythematosus (SLE). 

In summary, treatment with a TNFα antagonist infliximab reduced the levels 
of inflammatory mediators IL-6, MPO and soluble ICAM-1 and E-selectin in 
conjunction with a good clinical response in patients with JIA. Drug survival in 
RA and SpA patients with one or more DMARDs in addition to infliximab, 
etanercept or adalimumab treatment was good and comparable to the results 
obtained in previous observational studies in patients with less-severe disease. 
The use of concomitant DMARDs or oral glucocorticoids could be diminished. 
The results support the clinical view that combination of DMARDs and TNFα 
antagonists is an effective and relatively safe treatment of severe and 
DMARD-refractory RA and SpA. In the future, specifying the pathogenetic 
mechanism of RA, SpA and JIA as well as finding more specific biomarkers will 
improve the drug development and assist to design the drug treatment to meet the 
needs of the individual patient. 
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Tiivistelmä 

Nivelreuma (RA) on pitkäaikainen, useiden nivelten tulehduksellinen sairaus, 
jonka esiintyvyys väestössä on n. 1%. Taudin vaikeusaste vaihtelee lievästä 
taudinkuvasta aggressiiviseen ja vaikeaan niveliä tuhoavaan ja lääkkeille 
reagoimattomaan tautiin, joka voi johtaa potilaan toimintakyvyn vaikeaan 
alenemiseen.  

Spondyloartropatiat (SpA) ovat ryhmä tulehduksellisia selkäsairauksia, joihin 
voi liittyä erilaisia ilmenemismuotoja, kuten alaraajoihin painottuvia 
niveltulehduksia. Tautiryhmän esiintyvyys väestössä on samaa luokkaa kuin 
nivelreuman esiintyvyys. Lastenreuma (JIA) puolestaan koostuu ryhmästä 
erilaisia lapsuus- tai nuoruusiässä alkavia tulehduksellisia sairauksia, joissa 
niveltulehduksen syy on epäselvä ja oireet kestävät vähintään kuusi viikkoa. 
Johtuen tautimuotojen erilaisuudesta, myös lääkehoito eroaa eri 
lastenreumamuotojen välillä. Lastenreuman esiintyvyys vaihtelee eri aineistoissa 
välillä 7-400/100.000 lasta. 

Tulehtuneessa nivelessä nivelkalvo paksuntuu ja muodostaa ns. 
pannus-kudoksen ruston ja nivelkalvon rajalle. Tulehdussolujen ja nivelkalvon 
solujen tuottamat tulehdusvälittäjäaineet voimistavat niveltulehdusta ja johtavat 
kondrosyyttien toimintahäiriöön sekä yhdessä matriksin metalloproteinaasi 
(MMP)-entsyymien kanssa saavat aikaan nivelruston vaurioitumisen ja 
ohenemisen. Tuumorinekroositekijä α (TNFα) ja interleukiini 1β (IL-1β) ovat 
tärkeitä välittäjäaineita niveltulehduksessa ja rustovaurion kehittymisessä. 

Lääkevasteen arviointia varten on kehitetty erilaisia arviointimenetelmiä, 
joista yksi käytetyimmistä on Amerikan reumatologiyhdistyksen 
ACR-paranemiskriteeri. ACR20, ACR50 ja ACR70 edustavat potilaan tilan 
arvioinnissa 20 %, 50 % tai 70 % paranemista lähtötilanteeseen verrattuna. 
Selkärankareumapotilailla käytetään vastaavanlaista tulehduksen vaikeusasteen 
arviointimenetelmää BASDAI (Bath Ankylosing Spondylitis Disease Activity 
Index). Hoito luokitellaan teholtaan riittämättömäksi, jos muutos 
BASDAI-indeksissä on pienempi kuin 50% tai vähemmän kuin 2 cm asteikolla 
1-10 cm. 

Suomessa nivelreuman Käypä hoito -suosituksen mukaan biologinen 
lääkehoito aloitetaan, jos potilas kärsii aktiivisesta taudista 
yhdistelmälääkehoidosta huolimatta. Biologinen lääke lisätään usein potilaan 
aikaisempaan yhden reumalääkkeen hoitoon tai useamman reumalääkkeen 
yhdistelmähoitoon. Lääkehoitoa muutetaan aktiivisesti, jotta saavutetaan 
remissio tai ainakin 50 %:n paraneminen oireissa (ACR50-paranemiskriteeri). 

Tutkimuksen tarkoitus oli (1) tutkia infliksimabi-hoidon vaikutusta 
tulehduksellisiin välittäjäaineisiin vaikeaa lapsireumaa sairastavilla potilailla, 
joilla saavutettiin hyvä kliininen vaste tällä hoidolla sekä (2) selvittää biologisen 
lääkehoidon toteutumista nivelreuma- ja spondyloartropatiapotilailla. 
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Tutkimusnäytteet kerättiin lapsireumapotilailta, jotka saivat infliksimabi-
hoitoa. Potilaat hyötyivät lääkityksestä ja kliiniset vaikutukset olivat nähtävissä 
jo kuuden viikon kuluttua hoidon aloittamisesta. Seerumin interleukiini 6 (IL-6) 
pitoisuudet laskivat puoleen ja myeloperoksidaasi-entsyymin (MPO) tasot 
laskivat noin 35% 12 viikon hoidon aikana. Lisäksi liukoisten 
adheesiomolekyylien (sICAM-1 ja sE-selektiini) pitoisuudet laskivat 
infliksimabi-hoidon aikana. Seerumin TNFα-tasot nousivat, mutta endogeenisten 
TNFα:n reseptorisalpaajien (liukoiset TNF reseptorit sTNFR1 ja sTNFR2) tasot 
laskivat suurimmalla osalla potilaista. 

Tutkimuksen toisessa osassa lääkehoidon toteutuminen infliksimabi-hoitoa 
saaneilla RA ja SpA potilailla arvioitiin kuuden, 12 ja 24 kuukauden sekä 
etanersepti- ja adalimumabi-hoitoa saaneilla potilailla 12 kuukauden kohdalla. 
Lääkehoito jatkui onnistuneesti infliksimabi-hoitoa saaneilla potilailla kuuden, 
12 ja 24 kuukauden hoidon jälkeen 71%, 53% ja 40%:lla potilaista. Syyt hoidon 
keskeytykseen olivat remissio (7%:lla kuuden, 8%:lla 12 ja 7%:lla 24 kuukauden 
kohdalla), haittavaikutus (13% / 16% / 24%) sekä hoidon tehottomuus (8% / 
16% / 22%). Yleisimmät lääkehoidon keskeytykseen johtaneet haittavaikutukset 
olivat yliherkkyysreaktiot ja infektiot. Aineistossa todettiin myös kaksi 
lääkehoidon aikana kehittynyttä ja todennäköisesti siihen liittyvää 
leukopenia-tapausta sekä yhdellä potilaalla maksaentsyymiarvon nousu. 
Kahdentoista kuukauden seurannan jälkeen hoitoa jatkoi 74% potilaista 
etanersepti-ryhmässä ja 60% adalimumabi-ryhmässä. Etanersepti- ja 
adalimumabi-hoidon lopettaneista potilaista 11 ei reagoinut lääkehoitoon 
riittävän hyvin, seitsemän (13%) etanersepti-ryhmässä ja neljä (9%) 
adalimumabi-ryhmässä. Haittavaikutukset (pääasiassa infektiot ja 
yliherkkyysreaktiot) aiheuttivat kuusi (11%) lääkehoidon lopettamista 
etanersepti-ryhmässä sekä 11 (26%) adalimumabi-ryhmässä. Etanerseptihoidon 
aikana yhdellä potilaalla todettiin munasarjan adenokarsinooma ja toisella 
potilaalla leukopenia. Yhdelle adalimumabilla hoidetulle potilaalle kehittyi 
reaktio, joka kliiniseltä ja immunologiselta piirteiltään muistutti systeemistä 
lupus erytematosusta (SLE). 

Yhteenvetona voidaan todeta, että TNFα-salpaajat ovat hyvin siedettyjä ja 
turvallisia lääkkeitä nivelreumaa ja spondyloartropatiaa sairastavilla potilailla. 
Lastenreumaa sairastavilla potilailla hoito TNFα-salpaajalla alensi 
tulehdusvälittäjäaineiden IL-6:n ja MPO:n sekä liukoisten ICAM-1:n ja E-
selektiinin pitoisuuksia hyvän kliinisen vasteen myötä. Tutkimuksen toisessa 
osassa tutkittiin TNFα-salpaajahoidon onnistumista nivelreuma- ja 
spondyloartropatia-potilailla, joilla oli vakava lääkkeille resistentti reumasairaus. 
Potilaat hyötyivät hoidosta ja tulokset ovat samansuuntaisia kuin 
kansainvälisissä tutkimuksissa, joissa potilaiden reumasairauden vaikeusaste on 
useimmiten lievempi. Kuitenkin tässä tutkimuksessa oli nähtävissä tehon 
hiipumista ajan myötä varsinkin infliksimabi-hoitoa saaneilla potilailla. Tulokset 
tukevat kliinistä näkemystä perinteisen reumalääkityksen ja TNFα-salpaajan 
yhdistelmähoidon tehosta ja suhteellisesta turvallisuudesta vaikean ja 
lääkeresistentin nivelreuma- ja spondyloartropatian hoidossa. Tulevaisuudessa 
reumasairauksien patogeneettinen mekanismi todennäköisesti tarkentuu ja sitä 
kautta mahdollisten biomerkkiaineiden löytyminen voi edelleen parantaa ja 
tarkentaa lääkekehitystä sekä ohjata yksilölliseen hoidon valintaan. 
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Introduction 

Tumor necrosis factor α (TNFα) is an important cytokine involved in 

systemic inflammation. TNFα has a primary role in the activation of immune 

cells and in the regulation of production of cytokines and other inflammatory 

factors. Dysregulation of inflammatory factors, in particular overproduction of 

TNFα, has been implicated in chronic inflammatory diseases, such as rheumatoid 

arthritis (RA) and spondyloarthropathies (SpA). The central role of TNFα in 

those diseases is supported by the fact that blocking a single cytokine i.e. TNFα 

with a TNFα antagonist, changes the levels of inflammatory mediators and 

confers a potent anti-inflammatory and antierosive effect in patients with RA and 

SpA (Feldmann et al. 1996, Feldmann and Maini 2001, Braun and Sieper 2007). 

TNFα antagonists are novel anti-inflammatory and antierosive drugs which 

have been found to be effective and well-tolerated in the treatment RA, SpA and 

juvenile idiopathic arthritis (JIA). TNFα antagonists are molecules that bind to 

the cytokine TNFα and inhibit its biological activity. In the present study, three 

TNFα antagonists were investigated. Infliximab is a chimeric human and mouse 

monoclonal anti-TNFα antibody. Etanercept is a human TNFα receptor p75 

fusion protein, and adalimumab is a humanized TNFα monoclonal antibody. 

Traditional drug treatment of RA and SpA consists of non-steroidal anti-

inflammatory drugs (NSAIDs), glucocorticoids (intra-articular and oral), and one 

or more disease modifying anti-rheumatic drugs (DMARDs). Despite active 

treatment with non-biological DMARDs, many patients do not respond 

adequately to the drug treatment, or the drug treatment causes unacceptable 

adverse events. According to the national guidelines (Rheumatoid arthritis: 

Current Care Guidelines 2009), anti-TNFα therapy needs to be added to 

combination DMARD therapy when patients continue to have active and 

refractory RA. 

The aim of the present study was (1) to investigate inflammatory mediators 

during infliximab treatment in JIA patients and (2) to investigate drug survival 
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during infliximab, etanercept or adalimumab treatment in patients with RA and 

SpA. 
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Review of the literature 

1 Rheumatoid arthritis 

1.1 Epidemiology of rheumatoid arthritis 

Rheumatoid arthritis (RA) is a polyarticular inflammatory joint disease that 

affects primarily the small joints of the hands and feet. About 1% of the adult 

population suffers from RA, but there are variation depending on race and 

continent (Silman and Pearson 2002). The prevalence of RA in whole Finland is 

about 0.8% (Aho et al. 1998) and in the area of Tampere 0.7% (Korpela 1993) of 

the population. The risk of RA increases with age, but the disease can appear at 

any age, though commonly at the age of 40-70 years (Doran et al. 2002a). A shift 

towards older onset age has been described (Aho et al. 1998). The annual 

incidence of RA has been reported to be 34/100 000 in Finland (Kaipiainen-

Seppanen and Aho 2000), 26/100 000 in Oslo, Norway (Uhlig et al. 1998) and 

45/100 000 in Minnesota, USA (Doran et al. 2002a). The incidence of RA is 

higher in women than in men (Uhlig et al. 1998, Kaipiainen-Seppanen and Aho 

2000, Doran et al. 2002a). The severity of the disease varies from mild self 

limiting illness up to aggressive, drug resistant disease which causes joint 

destruction and deformity leading to severe disability. Life expectancy has been 

calculated to be reduced from 3 up to 18 years (Pincus and Callahan 1986, 

Myllykangas-Luosujarvi et al. 1995, Wong et al. 2001), partly because of 

complications, of which the most common are infections, cardiovascular diseases 

and, especially in the past, amyloidosis (Immonen et al 2008). 
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1.2 Classification and treatment response criteria of rheumatoid 
arthritis 

The classification of rheumatoid arthritis (RA) has undergone many steps to 

arrive at its present status which was devised by American Rheumatism 

Association (ARA; now American College of Rheumatology, ACR) in 1987 

(Arnett et al. 1988). At least four of the seven classification criteria should be 

fulfilled and symptoms should last at least six weeks to allow making a diagnosis 

of RA (Table 1). 

 

Table 1. Classification criteria for rheumatoid arthritis (RA). 
1 Morning stiffness lasting at least one hour before improvement and duration of at least six 

weeks
2 Arthritis in at least 

three joint areas
simultaneous soft tissue swelling or fluid observed by physician in at least 
three of next areas: PIP, MCP, wrist, elbow, knee, ankle, and MTP joints 
(right/left)

3 Arthritis of hand 
joints

swelling/fluid in wrist, MCP, or PIP joints

4 Symmetric arthritis simultaneous arthritis of the same joints (as mentioned in 2) on both sides of 
the body (bilateral involvment of PIP, MCP or MTP joints is acceptable 
without absolute symmetry)

5 Rheumatoid arthritis subcutaneous nodules observed by a physician

6 Serum
rheumatoid factor

detected by a method positive in fewer than 5% of normal controls

7 Radiographic 
changes

typical radiographic changes of RA on posterior hand and wrist 
radiographics, must include erosions/unequivocal bony decalcification in / 
most marked adjacent to the involved joints (OA changes alone do not 
qualify)

PIP, proximal interphalangeal; MCP, metacarpophalangeal; MTP metatarsophalangeal; OA, osteoarthritis.
(Modified from Arnett et al. 1988)

 

There may be difficulties in diagnosing early RA when all symptoms are not 

very clear, disease onset is insidious, rheumatoid factor (RF) is negative, typical 

erosions are lacking, or synovitis occurs predominantly in the lower extremities. 

Moreover, rheumatoid nodules are detected mainly in advanced seropositive 

diseases (Mitchell and Pisetsky 2007). 

Predictive factors for early RA, like genetic factors, serological markers and 

methods for detecting early radiographic changes, have been studied to start 

treatment with effective medication as early as possible. The aim of the treatment 
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of RA is first to relieve pain and arrest inflammation, to achieve clinical 

remission as early as possible and to prevent joint destruction (Mitchell and 

Pisetsky 2007). To define treatment efficacy, two different response criteria are 

in use to evaluate treatment efficacy; The American College of Rheumatology 

(ACR) criteria (Felson et al. 1995) and the Disease Activity Score (DAS) (van 

Gestel et al. 1998, van Gestel et al. 1999) (Table 2). ACR20, ACR50 and ACR70 

criteria represent 20%, 50% and 70% improvement in the core set of criteria, 

respectively. The core set of disease activity measures consists of the tender and 

swollen joint count, physician’s assessment of disease activity (VAS, visual 

analogue scale, 0-10 cm), patient self-assessed functional disability [e.g. Health 

Assesment Questionnaire (HAQ)] and patient’s assessments of general health 

and pain and, laboratory evaluation of acute phase reactants [erythrocyte 

sedimentation rate (ESR) or C-reactive protein (CRP)]. ACR20 stands for a 20% 

improvement in both tender and swollen joint counts and also ≥ 20% 

improvement in three of the five above mentioned variables (Felson et al. 1995). 

 

Table 2. American College of Rheumatology (ACR) and European League Against 
Rheumatism (EULAR) response criteria in rheumatoid arthritis (RA). 

ACR response criteria EULAR DAS28 criteria

Variables 
assessed

SJC, TJC, PtGA, PhGA, PtP, PtF, 
ESR/CRP

SJC28, TJC28,
ESR/CRP, GeH

Formation
model

Improvement in percentages from 
baseline of SJC and TJC and 3/5 from 
remain

0.56 x √(TJC28) + 0.28 x √(SJC28) +
0.7 x Ln(ESR) + 0.014 x GeH(mm VAS)

Response ACR20/50/70 represent 20%, 50% or 
70% improvement from baseline

HDA ≥ 5.1, MDA 3.2-5.1, LDA≤ 3.2

Remission at least 5/6 of following criteria in 2 
consecutive months:
morning stiffness ≤ 15 min, no fatigue,
no pain, no tenderness in joints,
no swelling in joints / tendon-sheaths,
ESR < 20 (w) / 30 (m)

<2.6

SJC, swollen joint count; TJC, tender joint count; PtGA/PhGA, patients/physicians global assesment (e.g. VAS);
PtP, patients pain assessment (e.g VAS); PtF, patient's functional assesment (e.g. HAQ = health assessment
questonnaire); ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; GeH, general health; LDA, low
disease activity; MDA, medium disease activity; HDA, high disease activity, w, women; m, men.

 

DAS28, developed from original DAS response criteria from European 

League Against Rheumatism (EULAR) (Prevoo et al. 1995) is also used as an 
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activity and response criteria for RA (van Gestel et al. 1998, van Gestel et al. 

1999). DAS28 is calculated with an equation (Table 2) where the following 

variables are included; count of tender and swollen joints (28 points), erythrocyte 

sedimentation rate and general health assessed by VAS (Prevoo et al. 1995, van 

Gestel et al. 1998). 

Because of their different purpose of use, DAS and ACR response criteria 

have differences. DAS was developed to estimate disease activity, and it gives 

absolute (and not relative) values and changes in the disease activity. In contrast 

ACR criteria were developed to estimate the effect of drug treatment and they 

define improvement on the basis of relative (percentage) changes including two 

different outcome categories, responders and nonresponders. DAS criteria 

instead include three variations of outcomes; good, moderate and absent. (van 

Gestel et al. 1999, Mäkinen et al. 2007a). 

1.3 Etiopathogenesis of rheumatoid arthritis 

The etiopathogenesis of RA includes multiple genetic and environmental factors, 

which have been investigated. Part of the factors has been specified and some are 

under investigation. Because of complicated nature of RA, much of the etiology 

is still unknown. 

Genetic factors have been shown to be an important part of the etiology of 

RA in several studies. Concordance among monozygotic twins (12-15%) has 

been found to be higher than in dizygotic twins (4%) (Aho et al. 1986, Silman et 

al. 1993). The heritability of RA in the Finnish population was reported to be 

65% (Aho et al. 1986) and in the data from UK it was estimated as 53% 

(MacGregor et al. 2000). Persons with a sibling with RA have a 2-4% risk of 

developing the disease as compared to those without RA in the family (Seldin et 

al. 1999). The major histocompatibility (MHC) locus makes a significant 

contribution to RA. There are multiple loci that associate with the genetic risk 

for RA and the MHC locus encodes cell-surface proteins called the human 

leukocyte antigens (HLAs) which account for 30% to 50% of overall genetic 

susceptibility to RA (Seldin et al. 1999, Bowes and Barton 2008). There are 

three types of HLA antigens, class I, II and III, depending on the structure of the 
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Figure 1. Structure of a normal and inflamed joint. Modified from Smolen and 
Steiner 2003. 

In an inflamed joint, the structure is transformed as a result of multiple 

factors that are involved in the pathologic process in the joint (Figure 1). 

Inflamed synovium is converted into histologically differentiated pannus as a 

result of the presence of different inflammatory cells and mediators. When the 

disease progresses the pannus invades the cartilage and covers the articular bone 

resulting in cartilage and bone erosions. Cartilage destruction involves cytokines, 

matrix metalloproteases (MMPs) and other mediators that inflict dysregulation of 

chondrocytes and also affect directly articular cartilage by degrading it (Goldring 

2003). As the disease further progresses, the cellular pannus can be replaced by 

fibrous pannus. Pannus and mediators produced by the pannus tissue result also 

in bone erosions, were the imbalance between bone formation and resorption 

progressively leads to focal bone loss (Goldring 2003). Tumor necrosis factor 

alpha (TNFα) and interleukin 1 (IL-1) and 6 (IL-6) are regarded as key factors 
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In an inflamed joint, the structure is transformed as a result of multiple 

factors that are involved in the pathologic process in the joint (Figure 1). 

Inflamed synovium is converted into histologically differentiated pannus as a 

result of the presence of different inflammatory cells and mediators. When the 

disease progresses the pannus invades the cartilage and covers the articular bone 

resulting in cartilage and bone erosions. Cartilage destruction involves cytokines, 

matrix metalloproteases (MMPs) and other mediators that inflict dysregulation of 

chondrocytes and also affect directly articular cartilage by degrading it (Goldring 

2003). As the disease further progresses, the cellular pannus can be replaced by 

fibrous pannus. Pannus and mediators produced by the pannus tissue result also 

in bone erosions, were the imbalance between bone formation and resorption 

progressively leads to focal bone loss (Goldring 2003). Tumor necrosis factor 

alpha (TNFα) and interleukin 1 (IL-1) and 6 (IL-6) are regarded as key factors 
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driving rheumatoid inflammation in the joint which eventually leads to erosions 

and joint destruction (Feldmann et al. 1996, Feldmann 2009). 

1.3.2 Inflammation 

The inflammatory reaction is a fundamental process and a defence mechanism of 

the body against any insult toward tissues e.g. microbes or mechanical or thermal 

or chemical damage. The intention is to isolate, dilute or destroy the invading 

agent or repair the injury, if possible. The inflammatory site is characterized by 

vasodilatation of blood vessels and increased permeability of the 

microcirculation which in turn leads to excessive transmigration of leukocytes, 

plasma proteins and interstitial fluid (Kumar et al. 2004). 

In RA, the inflammation is prolonged and the prominent cells originate from 

monocytic cell line, not the neutrophilic cell line as in acute inflammation. 

Although the cellular reaction differs between acute and chronic inflammation, 

the classical signs of inflammation, calor (heat), dolor (pain), rubor (redness) 

and tumor (swelling) are apparent also in the chronic type of inflammation 

(Kumar et al. 2004). In the rheumatic joint, the inflammation is localized 

especially in synovium where a number of different cells are activated and 

involved in various pathological processes. In the inflamed synovium, the main 

cells involved in the hyperplasia of synovial lining are type A (macrophage-like) 

and type B (fibroblast-like) synoviocytes. The number of cells is increasing and 

the tissue undergoes changes in morphology due to influx of mononuclear cells 

like T cells, B cells, macrophages, and plasma cells. Endothelial cells of synovial 

blood vessels become activated by different inflammatory mediators and 

permeability as well as neovascularisation is increased. Leukocyte excavation is 

increased due to the action of the different groups of adhesion molecules which 

allow leukocytes to gain access to the inflamed tissue (Firestein 2003, Sweeney 

and Firestein 2004). 

In the innate immune system, different cells, like dendritic cells and 

macrophages, express toll-like receptors which bind various foreign and self 

structures and become activated. Activated toll-like receptors further activate the 

cells of the adaptive immune system (Smolen et al. 2007). 
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It is assumed that arthritis associated antigens are presented to T cells by 

antigen-presenting cells (APC), like macrophages, dendritic cells and activated B 

cells which for their part are activated by foreign or self peptides. In order to 

achieve maximum activation, T cells require two distinct signals, the antigen 

specific signal and the co-stimulatory signal, which are both carried by APC. In 

antigen specific signalling, a surface molecule of MCH class II is acting as an 

epitope and interacts with the T cell receptor of CD4+ T cell. In addition, in co-

stimulatory signalling, APC activates CD4+ T cell via CD80/86 that bind CD28 

expressed by T cells (Smolen et al. 2007, Korhonen and Moilanen 2009a). The 

group of stimulated T cells are mainly formed from T-helper 1 cells that after 

stimulation release different modulators to activate macrophages, B cells, 

fibroblasts and osteoclasts inducing in turn many different pathological changes. 

Activated B-cells differentiate into plasma cells and secrete autoantibodies like 

RF that are able to form immune complexes stimulating production of 

proinflammatory cytokines, like TNFα (Smolen et al. 2007). 

In addition to inflammatory cells, cytokines play a key role in the 

pathogenesis of chronic inflammatory diseases including RA, SpA and juvenile 

idiopathic arthritis (JIA). Micro-array data has revealed that chronic arthritis 

alters the expression of more than 400 genes including a number of genes 

regulating the expression cytokines and adhesion molecules (Adarichev et al. 

2005). In arthritis, cytokines are expressed and secreted, mainly by leukocytes, 

synovial cells and chondrocytes. Cells and tissues have variable amounts of 

cytokine receptors and the effect of a certain cytokine depends not only on the 

level of the expression of the cytokine in question but also on the level of the 

expression of its receptors and endogenous antagonists (Feldmann and Maini 

2001). Cytokines have also systemic effects and many of these compounds can 

be measured in the blood (Cassim et al. 2002). 

Cytokines are classified as being either pro-inflammatory or 

anti-inflammatory according to their predominant actions in inflammation, and 

the outcome and symptoms of the inflammatory reaction depend on the balance 

between pro-inflammatory and anti-inflammatory cytokines (Feldmann et al. 

1996, Feldmann and Maini 2001, Brennan and McInnes 2008). In general, the 

levels of pro-inflammatory cytokines are higher in the active than in the inactive 
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phase of RA (Cope et al. 1992, Steiner et al. 1995, Klimiuk et al. 2003a, Klimiuk 

et al. 2003b), and a fact that has been shown to be true also in JIA (Rooney et al. 

1995, Mangge and Schauenstein1998, Yilmaz et al. 2001, Ou et al. 2002). 

TNFα is an important proinflammatory cytokine that is involved in local and 

systemic inflammation and joint destruction in arthritis (Brennan et al. 1992, 

Feldmann and Maini 2001). However, there is an overlap between the actions of 

different cytokines. Thus it is of interest that inhibition of a single cytokine, 

TNFα, results in a profound anti-inflammatory and antierosive effect in patients 

with arthritis. This may be explained by the concept that TNFα is at the top of 

the cytokine cascade and regulates directly or indirectly the expression and 

activity of several cytokines and other inflammatory factors (Feldmann et al. 

1996, Feldmann and Maini 2001). However, the networks regulated by TNFα in 

vivo are not known in detail. In addition, it is not known which cytokines and 

inflammatory factors are associated with a favourable clinical response to the 

treatment with TNFα antagonists and which factors are related to a poor response 

or adverse events, and could be used to predict the clinical response to the 

treatment with TNFα antagonists in individual patients. 

2 Spondyloarthropathies 

Spondyloarthropathies (also called spondyloarthritides) are a group of diseases 

consisting of inflammatory conditions described with certain clinical features 

such as inflammatory back pain (especially sacroiliitis), asymmetrical peripheral 

oligoarthritis (predominantly in the lower limbs), dactylitis, enthesitis, and 

specific manifestations including uveitis, psoriasis, and chronic inflammatory 

bowel disease. In clinical terms, one can differentiate five subgroups; ankylosing 

spondylitis (AS), psoriathic arthritis (PsA), spondyloarthropathies associated 

with inflammatory bowel disease (IBD) (ulcerative colitis, UC or Crohns 

disease, CD) reactive arthritis (ReA) and undifferentiated SpA with AS being the 

most prevalent (Braun et al. 2005). 

The classification criteria of AS was originally developed in 1961 and is 

known as the Rome Criteria. It has been modified and modernized, the latest 
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updated version are the New York criteria published in 1984 (van der Linden et 

al. 1984) (Table 3). 

According to the commonly used New York criteria (van der Linden et al. 

1984), AS can be definitely diagnosed if at least one criterion of the three criteria 

is fulfilled in addition to positive radiologic finding indicative of sacroiliitis 

(Table 3). However, inflammation in sacroiliac joints may not be detected in 

plain radiographs in the early stages of the disease and appear later, even five to 

ten years after the first symptoms of the disease. Pathological changes in 

sacroiliac joints can be detected in its early stages by magnetic resonance 

imagine (MRI). Since effective biologicals are nowadays available for the 

treatment of SpA, also minor inflammatory changes should be visualized and it 

is recognized that MRI is more sensitive than radiographic imaging (Braun et al. 

2002b). 

 

Table 3. The modified New York criteria for inflammatory back pain. 
Clinical criteria
1.
2.
3.
Radiological criteria

Possible AS if
a)
b)

grade 3-4 unilateral sacroilitis

three clinical criteria are fullfilled

AS, ankylosing spondylitis. Modified from van der Linden S et al. 1984

Low back pain and stiffness > 3 mo that improves only with exercise, not with rest

Limitation of movement of chest compared with standard range in same age and sex
Limitation in movement of lumbar spine in sagittal and frontal planes

Definite AS if radiological and at least 1 clinical criteria are fullfilled

radiological criteria are fullfilled

at least grade 2 bilateral sacroilitis or

 

As a group, the prevalence of SpA is estimated to be similar to that of RA in 

Europe (Akkoc 2008). As stated the most frequent disease in the group is AS and 

it has a prevalence of 0.1-1.4 % in the European population (Braun and Sieper 

2007). The annual incidence of AS varies extensively, from 0.5 to 14 per 100 

000 individuals. Inflammation of sacroiliac joints is the main manifestation 

causing low back pain and stiffness, especially in the early morning or after long 

lasting rest. Other types of the spinal articulations, the discovertebral, facet, 

costovertebral and costotransversal joints can also be inflamed. Axial disease 

may be accompanied by peripheral arthritis, most commonly in hip and shoulder 
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joints, and also in manifestations e.g. enthesitis, dactylitis, and skin and eye 

involvement (Braun and Sieper 2007). 

The cause of SpA is unclear but strong genetic connection has been 

recognized, especially in AS, in which the connection is mainly explained by the 

HLA-B27 antigen. In 90-95% of the patients with AS are positive for HLA-B27, 

but in HLA-B27-positive individuals the risk of developing the disease is about 

5%, and substantially higher in HLA-B27-positive relatives of AS patients 

(Reveille et al. 2005, Sieper 2006, Braun and Sieper 2007). HLA-B27 molecule 

is found in up to 70% of patients with ReA and 60% with PsA (Reveille et al. 

2005). Overall, the genes in the whole MHC, account for about half of the 

genetic risk. In addition to microbial antigens (i.e. salmonella, yersinia, 

campylobacteria, klebsiella) environmental factors have been postulated to be 

possible triggers of the disease (Khan 2002). 

In AS, the cartilaginous structures of sacroiliac joints and intervertebral discs 

are most often the targets of mononuclear cells. The invading T cells and 

macrophages cause inflammation leading to destruction and ankylosis of 

different parts of vertebra. In addition, the activities of osteocytes and osteoclasts 

result in bone remodelling and squaring of vertebral bodies (Braun and Sieper 

2007). There is also evidence that TNFα is found in the sacroiliac joints in 

excess amounts, and therefore it is logical to consider the use of TNFα 

antagonists in the treatment of SpA (Braun and Sieper 2007). 

The initial drug treatment of AS is traditionally based on nonselective 

NSAIDs and coxibs which inhibit prostaglandin production (Karjalainen et al. 

2005, Furst et al. 2007). NSAIDs have been reported to reduce radiological 

changes if they are used continuously in AS patients (Wanders et al. 2005). 

DMARDs, especially sulfasalazine and in some cases methotrexate belongs to 

the drug treatment arsenal (Karjalainen et al. 2005, Furst et al. 2007). The 

response to gold salts and antimalarial drugs is limited and azathioprine does not 

seem to be efficacious. Corticosteroids are used in both oral and intra-articular 

forms. Since increased activity of osteoclasts is involved in the pathogenesis of 

SpA, bisphosphonates are used in disease treatment due to their ability to inhibit 

osteoclasts and because of their anti-inflammatory effects in chronic 

inflammation. The clinical response to drug treatment for AS can be assessed by 

 25



using BASDAI (Bath Ankylosing Spondylitis Disease Activity Index) and 

BASFI (Bath Ankylosing Spondylitis Functional Index) indexes (Table 4). 

Treatment is regarded as ineffective if the reduction of BASDAI index is less 

than 50% or less than 2 cm (Dougados et al. 2002, Karjalainen et al. 2005, Furst 

et al. 2007). 

 

Table 4. Questions to patients with ankylosing spondylitis (AS) to evaluate disease 
activity and functional ability during the past week 

BASDAI 1 Describe your overall level of fatigue/tiredness
2 Describe your overall level AS neck, back or hip pain
3 Describe your overall level of pain/swelling in joints other than neck, back or hips
4 Describe your overall level of discomfort of any areas tender to touch or pressure
5 Describe your overall level of morning stiffness from the time you wake up
6 How long does your morning stiffness last from the time you wake up*

BASFI 1 Putting on your socks or tights without help or aids (e.g. sock aid)
2 Bending from the waist to pick up a pen from the floor without aid
3 Reaching up to a high shelf without help or aids (e.g. helping hand)
4 Getting up from an armless chair without your hands or any other help
5 Getting up off the floor without help from lying on your back
6 Standing unsupported for 10 minutes without discomfort
7 Climbing 12-15 steps without using a handrail or walking aid
8 Looking over your shoulder without turning your body
9 Doing physically demanding activities (e.g. physiotherapy exercises, gardening or sports)
10 Doing a full days activities whether it be at home or at work

BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; VAS 0-10 cm; 0, none and 10, worst; *scale 
0-2 hours. Equation for BASDAI index: [(1+2+3+4) + (5+6) / 2] / 5, resulting a final score 0-10.
BASFI, Bath Ankylosing Spondylitis Functional Index; VAS 0-10 cm; 0, easy and 10, impossible. Equation 
for BASFI index: (1+2+3+4+5+6+7+8+9+10) / 10, resulting a final score 0-10.

 
In IBD (CD or UC) associated arthritis, drug treatment is based greatly on the 

patient’s clinical symptoms and tailored individually. Symptomatic treatment 

with NSAIDs is problematic because of their possible ability to activate IBD 

(Rudwaleit and Baeten 2006). Glucocorticoids are also used, but only to assist 

and strengthen other drug treatment. Some DMARDs may be used in the 

treatment of IBD, but their efficacy is not always adequate and adverse events 

may occur. TNF antagonists (infliximab and adalimumab) have been found to be 

effective and well tolerated in the treatment of IBD associated arthritis (Collins 

and Rhodes 2006, Clark et al. 2007, Cummings et al. 2008). 

In PsA, NSAIDs are often used to relieve symptoms of SpA as are 

glucocorticoids which may be administered both orally and locally. DMARDs 

are moderately effective, but TNFα therapy (infliximab, etanercept and 
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adalimumab) has been shown to be both effective and antierosive 

(Feuchtenberger et al. 2008). 

In Finland, biological drug treatment in AS patients is usually initiated if the 

patient has an active disease based on BASDAI index and clinical findings 

(acute sacroiliitis, elevated acute phase reactants, MRI findings) despite 

treatment with at least two different NSAIDs for at least three months and 

sulfasalazine (or possibly other DMARDs) treatment has proved to be ineffective 

after at least four months of treatment (Karjalainen et al. 2005). In the other SpA 

conditions, like PsA or IBD associated arthritis, there are no defined criteria as to 

when biologicals should be started, and the decision to initiate treatment is made 

on clinical grounds based on the severity of the arthritis and inflammatory axial 

disease, and based on clinical criteria, often those used in RA and SpA 

(Karjalainen et al. 2005). 

3 Juvenile idiopathic arthritis 

JIA is defined as chronic inflammatory arthritis in children starting before 16 

years of age. It may cause disability in the early phase of the disease and later in 

the children’s development. Prevalence of JIA depends on the continent, area of 

study and paediatric population, varying from 7 up to 400 per 100.000 children 

(Gäre and Fasth 1992, Moe and Rygg 1998, Manners and Bower 2002). The 

annual incidence of JIA has been reported to vary between 2 to 23 per 100.000 

(Manners and Bower 2002). In Finland, the incidence of JIA has been reported to 

vary between 15 to 23 per 100.000 (Kaipiainen-Seppanen and Savolainen 2001). 

JIA encompasses various types of chronic arthritis in childhood or 

adolescence starting below the age of 16 years; in which the cause of arthritis 

remains unknown and symptoms have lasted at least six weeks. Several different 

classifications have been developed for JIA, but the International League of 

Associations for Rheumatology (ILAR) classification (Petty et al. 2004) is 

nowadays most commonly used (Table 5).  
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Table 5. Subtypes of juvenile idiopathic arthritis (JIA) based on the second 
revision of International League of Associations for Rheumatology (ILAR) criteria. 

Subtype Clinical feature
Oligoarthritis Arthritis in 1-4 joints during the 1st 6 months
Persistent Affects < 5 joints throughout disease
Extended Affects > 5 joints after the 1st 6 months
Polyarthritis Arthritis in > 5 joints during 1st 6 months
Seronegative RF-negative
Seropositive RF-positive at least 2 times minimum 3 months

apart during the 1st 6 months
Systemic arthritis Arthritis in > 1 joints with or prior to 2-week fever and > 1 of next:

-Erythematous nonfixed rash
-Generalized lymph node enlargement
-Hepato-and/or splenomegalo
-Serositis

Enthesitis related
arthritis

Arthritis and enthesitis, or arthritis or enthesitis with >2 of next:
-Present or history of sacroiliac joint tenderness and/or inflammatory 
lumbosacral pain
-Presence of HLA-B27
-Onset of arthritis in males aged <6 years
-Acute symptomatic anterior uveitis
-History of ankylosing spondylitis, enthesitis related
arthritis, sacroiliitis with inflammatory bowel disease, Reiter's 
syndrome, or acute anterior uveitis in 1st degree relative

Psoriatic arthritis Arthritis and psoriasis, or arthritis and > 2 of next:
-Dactylitis
-Nail pitting or onycholysis
-Psoriasis in 1st degree relative

Modified from Petty et al. 2004.
 

As mentioned above, JIA is a heterogenous group of inflammatory conditions 

of unknown cause, but genetic component has been studied (Ravelli and Martini 

2007). Due to the heterogeneity, the drug treatment also varies between the 

different subtypes of JIA. Like in RA, symptomatic treatment of JIA includes 

NSAIDs and glucocorticoids dosed orally (Ravelli and Martini 2007), or 

intra-articularly (Breit et al. 2000). In systemic onset JIA the drugs can even be 

administered parenterally (Adebajo and Hall 1998). In addition to chronic 

arthritis itself, also glucorticoid treatment might cause growth retardation 

(Ravelli and Martini 2007). DMARDs used in RA are usually adopted for 

clinical use also in the treatment of JIA. The most often used DMARD is 

methotrexate, which has been reported to be effective in the treatment of JIA 
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(Giannini et al. 1992, Ruperto et al. 2004). Sulfasalazine (van Rossum et al. 

1998, van Rossum et al. 2007), leflunomide (Silverman et al. 2005a, Silverman 

et al. 2005b) cyclosporine A (Ostensen et al. 1988, Reiff et al. 1997, Gerloni et 

al. 2001, Ravelli et al. 2002) and azathioprine (Kvien et al. 1986, Savolainen et 

al. 1997) have also been examined and found to be effective. 

Hydroxychloroquine (Brewer et al. 1986), aurothiomalate (gold sodium 

thiomalate, GSTM) (Brewer et al. 1980), and auranofin (Giannini et al. 1990, 

Giannini et al. 1991) have been found to be well tolerated but their efficacy is 

less certain. 

The criteria and definition of improvement in JIA, ACR pediatric response 

criteria (ACR Pedi) have similarities with adult RA, i.e. ACR Pedi30, ACR 

Pedi50 and ACR Pedi70 are usually assessed (Giannini et al. 1997). As in adult 

RA, clinical remission or inactive disease are the main targets of the drug 

treatment (Wallace et al. 2004). 

4 Drug treatment of rheumatoid arthritis and 
spondyloarthropathies 

The nature of RA is multifactorial and there is extensive variation in the 

progression of the disease between different individuals. For this reason, the 

treatment of RA is challenging. In the treatment of RA, the main objective is to 

relieve pain, attenuate inflammation and prevent the destruction of joints to 

achieve clinical remission, and maintain functional capacity and working ability 

(Möttönen et al. 1999, Korpela et al. 2004, Puolakka et al. 2005, Puolakka et al. 

2006, Mäkinen et al. 2007b, Rantalaiho et al. 2009). 

In Finland, the treatment of RA is based on the national recommendations 

(Rheumatoid arthritis: Current Care Guidelines 2009), which recommend that 

active DMARD treatment should be initiated immediately after the diagnosis. 

The drug treatment to be used varies between different patients and must be 

individually planned. The initial pharmacological treatment includes NSAIDs, 

combined with one or more DMARDs, and with oral glucocorticoids if needed. 

The first line DMARD treatment in RA is methotrexate. If methotrexate causes 
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adverse events or is not effective enough, another DMARD 

(hydroxychloroquine, sulfasalazine, leflunomide, azathioprine, and cyclosporine) 

can be used or combined with the methotrexate treatment. Combination therapy 

with methotrexate, sulfasalazine and hydroxychloroquine is recommended in 

early RA since combination therapy with two or more DMARDs has been shown 

to reduce the radiologic progression and patients achieve more often clinical 

remission compared to patients treated with a single DMARD (Möttönen et al. 

1999, Mäkinen et al. 2007b, Rantalaiho et al. 2009) The benefit of early effective 

combination therapy can be seen in the long term, even if the patient’s 

subsequent drug treatment is restricted (Möttönen et al. 1999, Korpela et al. 

2004, Mäkinen et al. 2007b, Rantalaiho et al. 2009). Early suppression of disease 

activity with combination therapy has also been shown to be beneficial to the 

patient’s working capacity (Puolakka et al. 2005, Puolakka et al. 2006). 

In AS, drug treatment is based initially on NSAIDs and DMARDs, most 

often sulfasalazine (Karjalainen et al. 2005, Furst et al. 2007). A TNFα 

antagonist is added to ongoing drug treatment if it is not effective enough or if 

the traditional DMARDs cause adverse reactions (Rheumatoid arthritis: Current 

Care Guidelines 2009, Karjalainen et al. 2005). In the present study, combination 

DMARD treatment is used in combination with anti-TNFα therapy, not simply 

with one DMARD as is the case in most other international recommendations 

and clinical studies. 

4.1 Symptomatic treatment 

In the treatment of RA, NSAIDs and glucocorticoids form the foundation of the 

symptomatic treatment. NSAIDs are the very first drug treatment used in the 

treatment of rheumatoid diseases. Their ability to inhibit the synthesis of 

prostaglandins results in analgesia and may suppress inflammation. NSAIDs are 

recommended to be used at the lowest effective doses. With respect to the 

adverse events, gastrointestinal (GI) problems are less frequently encountered in 

RA patients treated with paracetamol (acetaminophen) than with the nonselective 

NSAIDs, but there is no difference in GI problems when RA patients are treated 

with coxibs (Tannenbaum et al. 2006). Topical NSAIDs can be tried especially if 
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oral NSAID preparations are contraindicated either because of adverse effects or 

because the patient is in a high risk group or paracetamol is insufficient 

(Tannenbaum et al. 2006). NSAIDs can be combined with a proton pump 

inhibitor to avoid GI problems, especially in patients with increased risk. No 

statistically significant differences have been found in the efficacies of the 

various NSAIDs (Gotzsche and Johansen 2004). Coxibs are as effective as 

nonselective NSAIDs or paracetamol for the symptoms of arthritis, but 

individual differences exist (Ong et al. 2007). The advantages of coxibs are their 

less marked GI effects, but there is no difference between these drugs and their 

traditional counterparts in terms of their renal or blood pressure effects 

(Tannenbaum et al. 2006). 

Over the past five decades, glucocorticoids have been used in the treatment 

of RA. Although new therapies have been introduced, glucocorticoids have 

maintained their primary position and are still in wide use. Their distinctive 

anti-inflammatory and immunomodulary effects in the treatment of RA might be 

one reason for favouring their continued use (Buttgereit et al. 2005). In clinical 

studies, they have been reported to relieve inflammatory symptoms and 

glucocorticoids are recommended to be added to DMARD treatment if 

DMARDs are not effective on their own (Gotzsche and Johansen 2004). In the 

study with four different treatment strategies (BeSt study), glucocorticoids were 

found to be comparable to infliximab in the treatment of early RA when used in 

addition to DMARD mono- or combination therapy to inhibit the radiographic 

progression and as a way of enhancing the functional improvement 

(Goekoop-Ruiterman et al. 2005). 

The limiting factor in treating RA with glucocorticoids is their adverse 

effects. For example, in RA the risk of osteoporosis is enhanced and 

glucocorticoid treatment further worseness this situation. Other musculoskeletal 

adverse effects in addition to osteoporosis are myopathy and osteonecrosis. 

Glucocorticoids alter glucose metabolism and increase blood glucose levels in a 

dose dependent manner. Even intra-articularly dosed glucocorticoids can cause 

hyperglycaemia. Glucocorticoid treatment in RA patients even with low doses 

has been found to increase body weight, probably because of the effects of these 

drugs on glucose metabolism. The risks of dyslipidaemia, atherosclerosis and 
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cardiovascular diseases are not clearly elevated by lower doses, but with higher 

doses (prednisolone > 10 mg/day) the risk does increase in a dose dependent 

manner. Since they have also mineralocorticoid effect, hypernatremia, 

hypokalemia and oedema may be seen in patients treated with glucocorticoids. 

RA patients have an increased risk to develop GI lesions, even bleeding ulcer 

due to NSAIDs, and glucocorticoid treatment further increases that risk. Cataract 

and glaucoma have also reported as adverse effects of glucocorticoids. The 

increased risk of infections is also linked to glucocorticoid treatment (Da Silva et 

al. 2006, Hoes et al. 2008). 

4.2 Non-biological disease modifying antirheumatic drugs 

Only a few decades ago, RA was a severe disease with no real hope of cure. 

Since that time, the drug treatment of RA has seen many revolutionary 

discoveries and improvements and modern drug treatment can prevent more 

effectively the progression of the disease and development of erosions, and 

improve the functional performance. 

Table 6. Disease modifying antirheumatic drugs (DMARDs) used in the treatment 
of rheumatoid arthritis (RA) and spondyloarthropathies (SpA). 
Medicine Dose Action of mechanism Adverse effect
Methotrexate 7.5-25 mg p.o./i.m./s.c.

/week
many different
hypotheses

gastrointestinal symptoms, nausea, stomatitis, 
alopecia, blood marrow suppression and 
abnormalities in liver function 

Sulfasalazine first 1 g/day p.o.,
then 2-3 g/day

exact mechanism is
not known

hypersensitivity, liver function abnormalities, 
gastrointestinal effects and rarely mild cytopenias

Hydroxychloroquine/
chloroquine

200-400 mg/day p.o.
(max 600 mg/day)

exact mechanism is
not known

retinal toxicity

Leflunomide 10-20 mg/day p.o. inhibition of pyrimidine
biosynthesis 

gastrointestinal complaints, diarrhea, temporary 
alopecia, elevation of transaminases

Azathioprine first 50 mg/day,
then 2-2.5 mg/kg/day

inhibition of purine 
synthesis and
DNA replication

GI involvements, nausea,
elevation of transaminases

Cyclosporine 2.5-4 mg/kg/day inhibition of 
phosphatase calcineurin

nephrotoxicity, nervous system, skin and
GI involvements

Gold compounds
Auranofin 6 mg/day in p.o. in 2 

doses, after 3 months 
dose elevated ad 9 mg/day 
in 3 divided doses

diarrhea, rash, stomatitis, proteinuria,
changes in blood count, polyneuropathy

Gold sodium 
thiomalate

first 10 mg i.m., then
50 mg/week until
response (ad 13mg/kg)
is achieved,
then 50 mg once a month

rash, stomatitis, proteinuria,
changes in blood count, polyneuropathy

exact mechanism is
not known
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4.2.1 Methotrexate 

Methotrexate (Table 6) is probably the most widely used anti-rheumatic drug in 

the treatment of RA particularly because of its good efficacy and safety. It was 

initially used in the treatment of RA in the 1980’s (Thompson et al. 1984, 

Weinblatt et al. 1985, Williams et al. 1985) and its use vastly increased in the 

1990s (Sokka et al. 1997, Klaukka and Kaarela 2003). In long term clinical 

studies up to 15 years, methotrexate has generally been found to be both 

efficacious and safe (Weinblatt et al. 1994, Sokka and Hannonen 1999), and 

today methotrexate has an established role in the treatment of RA. 

Methotrexate is generally administered to RA patients as a single weekly 

dose (7.5-25 mg/week) given either orally or subcutaneously (Rheumatoid 

arthritis: Current Care Guidelines 2009). The exact mechanisms of the anti-

inflammatory action of methotrexate are still unclear and several hypotheses 

have been presented (Cronstein 2005). Firstly, methotrexate was believed to be a 

compound which could inhibit the proliferation of inflammatory cells in 

rheumatoid synovia, because of its antifolate properties. Secondly, the effects of 

methotrexate were explained by its ability to inhibit the accumulation of 

polyamines which contribute to tissue injury in RA. A third possible mechanism 

of action of methotrexate is its reducing effect on the levels of intracellular 

gluthathione which in turn leads to inhibition of the actions of macrophages and 

lymphocytes. In addition, the effects of methotrexate have recently been claimed 

to be mediated through adenosine (Cronstein 2005). Although methotrexate is 

generally well tolerated, its adverse effects include GI symptoms, nausea, 

abnormalities in liver function, stomatitis, alopecia and bone marrow suppression 

(Cronstein 2005, Rheumatoid arthritis: Current Care Guidelines 2009). 

4.2.2 Sulfasalazine 

Sulfasalazine (Table 6) was developed for the treatment of RA in the 1940s. Its 

sulfapyridine was originally believed to affect the infectious component of RA 

and salicylate portion of the molecule believed to relieve pain and stiffness. 

Although sulfasalazine has been in use for a long time, its exact mechanism of 

 33



action is still unknown. The action of sulfasalazine in RA has been considered to 

be mediated by different immunomodulatory and anti-inflammatory 

mechanisms. It has immunomodulatory effects, for example in vitro studies have 

shown sulfasalazine to inhibit expression of cytokines, e.g. TNFα, in addition to 

inhibition of different cellular responses. In in vivo studies, sulfasalazine has 

been found to depress type II collagen-induced arthritis. Sulfasalazine has 

several potential anti-inflammatory effects, i.e. it has been shown to inhibit the 

migration of inflammatory cells, prevent the production of proteolytic enzyme 

and chemotaxis (Plosker and Croom 2005). Sulfasalazine is used in the treatment 

of RA as mono- and combination therapy. Adverse effects are mainly 

hypersensitivity to sulphonamides, minor GI effects, rash and headache, rarely 

cytopenias (agranulocytosis) (Doan and Massarotti 2005, Plosker and Croom 

2005). 

4.2.3 Antimalarial drugs 

Two antimalarial drugs, hydroxychloroquine sulphate and chloroquine phosphate 

(Table 6), are used in the treatment of RA. Because of its minor toxicity, 

hydroxychloroquine is preferred in spite of its lesser effectivity. In general, 

antimalarials have a mild effect when used alone, but hydroxychloroquine is 

often used as a component of combination therapy with other DMARDs 

(Möttönen et al. 1999, Korpela et al. 2004, Doan and Massarotti 2005, Mäkinen 

et al. 2007b, Rantalaiho et al. 2009, Rheumatoid arthritis: Current Care 

Guidelines 2009). 

4.2.4 Leflunomide 

Leflunomide (Table 6) differs from other DMARDs in its structure and 

mechanism of action. It inhibits pyrimidine biosynthesis resulting in an 

anti-proliferative effect, which in RA targets especially activated lymphocytes. 

Since it is a prodrug, it must be metabolized to an active compound and it enters 

the enterohepatic circulation which prolongs its half-life to approximately 15 

days. Leflunomide is effective in the treatment of RA; the most commonly 
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encountered adverse events are diarrhea, nausea, alopecia and abnormalities in 

liver function tests (Breedveld and Dayer 2000, Cannon and Kremer 2004).  

4.2.5 Cyclosporine 

The action of cyclosporine (Table 6) consists of mainly inhibition of phosphatase 

calcineurin which in turn inhibits cytokine production in activated lymphocytes. 

Due to its ability to inhibit the production of inflammatory mediators, 

cyclosporine can suppress joint inflammation and bone and cartilage destruction. 

Cyclosporine has been shown to be effective in monotherapy as well as 

combined with other DMARDs and it is indicated for the treatment of refractory 

RA. Unfortunately, adverse effects (nephrotoxicity, nervous system disturbances, 

skin and GI problems) may require the termination of treatment (Kitahara and 

Kawai 2007). 

4.2.6 Gold compounds 

Before the discovery of methotrexate, gold compounds were widely used in the 

treatment of RA. Previously, the most commonly used gold compound was 

intramuscularly administered gold sodium thiomalate (Table 6) (Clark et al. 

1989). An oral compound, auranofin, is also available. With both oral and 

intramuscular dosing, the therapeutic effect develops slowly and because of 

potential toxicity the treatment is started with ascending doses (Doan and 

Massarotti 2005). Only gold sodium thiomalate has been shown to retard 

radiological progression and it was shown to be disease-modifying in the long 

time (Luukkainen et al. 1977a, Luukkainen et al. 1977b). The exact mechanism 

of action of gold is not known (Doan and Massarotti 2005), but recent findings 

implicate the inflammatory mitogen-activated protein (MAP) kinases signalling 

pathway as a target of aurothiomalate (Nieminen et al. 2008). 
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4.2.7 Azathioprine 

Azathioprine (Table 6) is an immunosuppressive drug that has been used also in 

the treatment of RA as an alternative to methotrexate therapy. The efficacy of the 

azathioprine is comparable to the other DMARDs. However, it causes serious 

adverse events (elevation in transaminases, cytopenia, opportunistic infections), 

which limit its use to cases when the patient fails to respond to other DMARDs 

(Suarez-Almazor et al. 2000). 

4.2.8 Combination therapy 

Combination therapy with two or more DMARDs simultaneously in the 

treatment of refractory RA is often used in Finland (Möttönen et al. 1999, 

Mäkinen et al. 2007b, Rantalaiho et al. 2009) and has been found to be effective 

also in other clinical studies (Boers et al. 1997, Landewe et al. 2002, 

Goekoop-Ruiterman et al. 2005, Allaart et al. 2006). Methotrexate is the anchor 

drug in the combination therapy. The most commonly used combination is 

methotrexate, sulfasalazine and hydroxychloroquine. A low-dose prednisolone is 

added to the above combination if needed. Combination DMARD treatment of 

early RA has been shown to prevent the long-term radiological changes (Korpela 

et al. 2004). In addition, biological drug is usually combined with one or more 

DMARDs, most often with methotrexate. 

4.3 Biological disease modifying antirheumatic drugs 

Due to the multifactorial nature of RA, even combination therapy is not always 

effective enough. Biological DMARDs (Table 7) represent the modern treatment 

of inflammatory diseases. They have established their position in rheumatology 

and are now widely used. Different biological drugs are available depending on 

the main target of the treatment, i.e. antibody against TNFα, IL-1R, CD20 

antigen expressed in B lymphocytes, IL-6 receptor or fusion protein binding to 

TNFα or CD80/86 molecules on antigen-presenting cells. 
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Table 7. Biological disease modifying drugs used in the treatment of rheumatoid 
arthritis (RA) and spondyloarthropathies (SpA). 
Medicine Dosage Trade name Structure Mechanism of action
Infliximab 3-10 mg/kg i.v., first 

at weeks 0, 2, 6, 
thereafter about 8 
week intervals

Remicade® chimeric
monoclonal ab

TNFα inhibitor

Etanercept 50 mg s.c. weekly Enbrel® soluble TNF alpha
receptor fusion protein

TNFα inhibitor

Adalimumab 40 mg s.c. at
two week intervals

Humira® humanised
monoclonal ab

TNFα inhibitor

Anakinra 100 mg s.c. daily Kineret® recombinant soluble
human IL-1 receptor 
antagonist

IL-1 receptor 
antagonist

Rituximab 500-1000 mg i.v. 
twice at
two week intervals

Mabthera® chimeric
CD-20-ab

depletion of B cells

Abatacept 10 mg/kg i.v. at
four week intervals

Orencia® CTLA-4-
immunoglobulin 
complex

inhibition of T
cell activation

Tocilizumab 8 mg/kg i.v. at
4 week intervals

Roactemra® humanised
monoclonal ab

IL-6 receptor 
antagonist

 

4.3.1 Anti-TNFα therapy 

The proinflammatory cytokine TNFα was discovered in the 1970s and it was 

appreciated as the central mediator in the cytokine network in the pathogenesis 

of RA. It was also found to bind to two receptors, the type I TNF receptor (p55) 

and the type II TNF receptor (p75). This was followed by the development of 

TNFα antagonists, which were able to inhibit the actions of TNFα either through 

a monoclonal antibody against TNFα or through a soluble receptor for TNFα. At 

the moment there are three different TNFα antagonists in clinical use, infliximab, 

etanercept and adalimumab, all of which were studied in the present study. They 

have demonstrated their anti-inflammatory and antierosive effects in RA and 

they have displayed also efficacy in JIA and SpA. The mechanism of action and 

different applications in clinical studies are explained in more detail below 

(chapter 5). 

Golimumab is a new human anti-TNFα monoclonal antibody. In clinical 

studies in patients with RA it has been found to be effective with or without 

traditional DMARD therapy (Zhou et al. 2007, Kay et al. 2008, Keystone et al. 
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2009). Its efficacy has been studied also in AS (Inman et al. 2008) and PsA 

(Kavanaugh et al. 2009). No reports about golimumab treatment in JIA patients 

have been published. The newly developed certolizumab pegol is humanized 

antibody Fab fragment with specifity for human TNFα and it is a novel treatment 

of Crohn’s disease (Schreiber et al. 2005, Schreiber et al. 2007) and it also has 

been introduced into the therapy of RA (Keystone et al. 2008, Smolen et al. 

2009) if the present TNFα antagonists are not suitable or potent enough. 

4.3.2 Anakinra 

Anakinra (Table 7) is a non-glycosylated, recombinant human soluble 

interleukin-1 receptor antagonist (sIL-1Ra). IL-1 is a proinflammatory cytokine 

which plays a pivotal role in the arthritic joint. The natural inhibitor of IL-1, the 

interleukin 1 receptor antagonist (IL-1Ra), is cleaved from the cell surface and 

under normal physiological condition its soluble form (sIL-1Ra) is in balance 

with IL-1 (Burger et al. 2006). Anakinra is a synthetic analogue of the natural 

cytokine antagonist and it is given daily at a dose of 100 mg, subcutaneously. In 

clinical studies, it has been found to be moderately effective and antierosive in 

the treatment of RA (Bresnihan et al. 1998, Cohen 2002) or JIA (Ilowite et al. 

2009) and in systemic JIA (Pascual et al. 2005). In the treatment of AS, anakinra 

has a moderate effect (Tan et al. 2004). 

4.3.3 Rituximab 

Rituximab (Table 7) is a chimeric human/mouse monoclonal antibody that 

targets the CD20 antigen expressed on B lymphocytes. The treatment course in 

RA is given two times intravenously at two week intervals at a dose of 1000 mg 

to be repeated on average at 9 months intervals. The depletion of CD20+ B-cells 

is mediated through several mechanisms (Johnson and Glennie 2001, Maloney et 

al. 2002, Browning 2006, Korhonen and Moilanen 2009b). Rituximab was 

primarily approved for the treatment of non-Hodgkin’s lymphoma but 

subsequently was found to be effective in the treatment of RA in patients with a 

history of failed anti-TNFα therapy. Rituximab was first studied in a small open 
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label study in RA patients who were treated with methotrexate (Edwards and 

Cambridge 2001). Since this initial result was promising, clinical studies 

followed where rituximab was combined with methotrexate or other DMARD 

and found to be effective in the treatment of RA (Edwards et al. 2004, Emery et 

al. 2006). There is no published evidence on whether the treatment with 

rituximab is effective in JIA or AS. 

4.3.4 Abatacept 

Abatacept (Table 7) is a fusion protein composed of the extracellular domain of 

human cytotoxic T cell-associated antigen-4 (CTLA-4) linked to a hinge and the 

CH2 and CH3 domains of the human immunoglobulin G1 (IgG1) (Genovese M 

2005). The CTLA-4 domain enables abatacept to bind CD80 and CD86 

molecules on antigen-presenting cells, preventing their interactions with T cell 

CD28 which is needed as a co-stimulatory signal for T lymphocyte activation 

(Genovese et al. 2005). In addition, abatacept may also inhibit T cells through 

modulation of tryptophan metabolism in antigen presenting cells (Grohmann et 

al. 2002). Two publications have reviewed the use of abatacept in the treatment 

of RA (Buch et al. 2008, Korhonen and Moilanen 2009a). There is no published 

data about abatacept in the treatment of AS or JIA. 

4.3.5 Tocilizumab 

Tocilizumab (Table 7) is a humanised anti-human IL-6 receptor monoclonal 

antibody that inhibits the action of IL-6, an important proinflammatory cytokine 

in RA. Tocilizumab infusions are given every 4 weeks at a dose of 8 mg/kg 

usually combined with methotrexate or some other DMARD but it may also be 

given as monotherapy. In clinical trials, tocilizumab has been found to be 

effective (Nishimoto et al. 2000, Nishimoto et al. 2003, Nishimoto et al. 2004, 

Maini et al. 2006, Emery et al. 2008, Genovese et al. 2008, Smolen et al. 2008) 

and antierosive (Nishimoto et al. 2007). Recently, it has been reported that 66% 

of the RA patients continued tocilizumab treatment after five years follow-up but 

22% of the patients had discontinued due to some adverse event (Nishimoto et 
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al. 2008). In three studies, tocilizumab has been used successfully also in JIA 

patients (Woo et al. 2005, Yokota et al. 2005, Yokota et al. 2008). No reports 

about tocilizumab treatment in AS patients have been published. 

5 TNFα in rheumatoid arthritis and 
spondyloarthropathies 

TNFα has proved to be an important inflammatory mediator in RA and SpA. The 

development of TNFα from being a single cytokine to a significant target of a 

group of biological drugs has had a major impact on the treatment of RA and 

SpA and has pioneered development of other types of biological drugs. 

TNFα was first identified in 1975 as an endotoxin-triggered glycoprotein 

which induced necrosis of sarcomas transplanted into mice (Carswell et al. 

1975). The structure of the gene encoding human TNFα was described (Nedwin 

et al. 1985) and cloned in 1985 (Pennica et al. 1985). The fact that TNFα 

occupied an important position in RA was proved by its increased expression in 

RA synovial cells (Saxne et al. 1988, Brennan et al. 1989b, MacNaul et al. 1990) 

and by its potency to induce degradation of cartilage (Dayer et al. 1985) and 

bone (Bertolini et al. 1986). TNFα was also shown to inhibit synthesis of 

cartilage matrix components (Saklatvala 1986). Expression of many other 

proinflammatory cytokines (e.g. IL-1 and IL-6) in active synovial cells of RA 

patients has shown to increase (Fontana et al. 1982, Houssiau et al. 1988) and by 

neutralizing TNFα with anti-TNFα antibody can result in a reduced production 

of those cytokines in synovial cells (Brennan et al. 1982, Butler et al. 1988). 

5.1 Biosynthesis of TNFα 

A membrane-bound precursor form of TNFα, a transmembrane TNFα 

(mTNFα), is expressed and produced as a 26 kD cell surface type II polypeptide 

mainly by activated macrophages and T-lymphocytes but also by other cell 

types. Increased expression of mTNFα in macrophages and T-lymphocytes is 

mainly the result of cell activation by various inflammatory stimuli while 
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mTNFα is expressed constitutively in resting natural killer cells (Caron et al. 

1999). mTNFα is further processed by a TNFα-converting enzyme (TACE) 

(Black et al. 1997) by the cleavage of the membrane-anchoring domain to 

generate soluble 17 kD mature TNFα that is composed of three identical subunits 

(Jones et al. 1989). In addition, TACE mediates regulatory functions by releasing 

TNF receptors from the cell-membrane to produce soluble receptors which can 

bind TNFα and neutralize its biological activity (Wang et al. 2003). 

The synthesis of TNFα is tightly regulated, especially at the 

post-transcriptional level. In inactive cells, TNFα mRNA is produced at 

detectable levels but protein levels are barely measurable (Brennan et al. 1989b) 

and TNFα does not exist in a stored form (Beutler and Cerami 1989). 

Macrophages, the main source of TNFα, are activated by a variety of stimuli, 

like bacteria, viruses, cytokines (e.g. IL-1, IL-17, interferon-γ), irritation, 

ischemia/hypoxia and trauma to produce TNFα which in turn enhances the 

production of a number of inflammatory factors mediating and modulating the 

inflammatory response, and also providing positive or negative feedback to 

TNFα. IL-1, for example, enhances the production of TNFα which increases the 

production of IL-1 whereas negative feedback is regulated through interleukin 10 

(IL-10) (Tracey et al. 2008). 

5.2 TNFα receptors 

Two receptors that mediate the action of TNFα have been found, i.e. TNFR1 and 

TNFR2 (Hohmann et al. 1989, Brockhaus et al. 1990). The extracellular domains 

to which the ligand binds are cysteine-rich subdomains that are distinctive 

characteristics of the TNFα receptor gene family. Due to the different structures 

of their cytoplasmic domains, they activate different signal-transduction 

pathways (Dembic et al. 1990). TNFR1 is a type I transmembrane protein that 

exists as trimer and is mainly stored in inactive cells in the Golgi apparatus being 

released to the cell surface upon cell stimulation (Bradley 2008). In unstimulated 

receptors, the cytoplasmic domain is associated with a protein in cytoplasm 

called silencer of death domain (SODD) that has a role in preventing signalling 

of TNFR1. Binding of TNFα to TNFR1 and TNFR2 induces receptor 
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trimerization and recruitment of several signalling proteins to the cytoplasmic 

domains of the receptors. TNFR1 acts mainly as a pro-inflammatory mediator 

and triggers an immune response and inflammation, while TNFR2 has a primary 

role in stimulating the proliferation of T cells and in suppressing TNFα-mediated 

inflammatory responses. Both forms of TNFα receptors have been detected in 

synovial tissue and in the junction between cartilage and pannus (Deleuran et al. 

1992, Westacott et al. 1994) localizing mainly in the lining layer, whereas TNFα 

is expressed most often in the deeper layer (Alsalameh et al. 1999). 

Both receptors can be found also in soluble forms as a result of action of 

TACE (Bradley 2008) and they have been detected also in body fluids 

(Loetscher et al. 1990, Smith et al. 1990). Soluble TNFRs regulate at least in part 

the activity of TNFα since they can bind active TNFα (Cope et al. 1992, Choy 

and Panayi 2001). 

The most important cellular response activated by TNFR signalling is 

activation of nuclear factor κB (NF-κB). The NF-κB family consists of five 

subunits that can exist in different homodimer and heterodimer forms to activate 

a wide range of target genes. In unstimulated cells, different dimers are bound to 

inhibitory proteins that ensure that they are unable to trigger gene transcription. 

In RA, activation of the NF-κB pathway results in expression of the genes 

involved in inflammation. In the classical pathway NF-κB activation can be 

induced by activation of TNFR1 leading to phosphorylation, ubiquitination and 

proteolysis of IκBs that in turn leads to release of NF-κB subunits that are able to 

translocate to the nucleus. (Brown et al. 2008, Simmonds and Foxwell 2008) 

In most cases activation of TNFR1 receptor leads through TNFR-associated 

DD protein (TRADD) to K63 polyubiquitination of TNFR-associated factor 2 

(TRAF2) and receptor interacting protein (RIP). Within minutes this receptor 

complex penetrates into the cell and TNFR1 is released from the 

TRADD-RIP-1-TRAF complex. The polyubiquitination chains associate with 

transforming growth factor-beta (TGFβ) -activated kinase (TAK) 1-binding 

protein 2 and 3 (TAB2 and TAB3), and activate the TAK kinase complex which 

in turn may activate IκB kinase (IKKβ) by phosphorylating it. In cytosol, IκB is 

bound to NF-κB to inactivate it. (Brown et al. 2008, Simmonds and Foxwell 

2008) 
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Figure 2. Activation of TNFR1 and TNFR2 by TNFα. TNFR1 activation induces 
receptor trimerization and recruitment of the adapter protein TRADD that binds to a 
specific region of the cytoplasmic domain TNFR1. Ligand engagement of membrane 
receptor triggers K63 polyubiquitination of TRAF and RIP, and also recruits IKK to the 
receptor complex. This may also lead to conformational changes in the IKK complex. 
Degradation of IκBα releases the NF-κB heterodimers, which enter to the nucleus and 
regulate gene expression. IKK, IκB (inhibitor of kappa B) kinase; TAB, TAK1-binding 
protein; TAK, transforming growth factor-beta (TGF-beta)-activated kinase; TNFR, 
tumor necrosis factor alpha receptor; TRADD, TNFR associated DEATH domain 
protein; TRAF, TNFR-associated factor; RIP, receptor interacting protein. 
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Activated IKKβ phosphorylates IκB (inhibitor of kappa B) leading to K48 

polyubiquitination and to proteolysis. The released NF-κB migrates to the 

nucleus where it activates its target genes (Bradley 2008, Brown et al. 2008). 

(Figure 2) 

Another signalling route is mediated via caspase-8 and caspase-3 activation; 

two enzymes that can cause apoptotic cell death. The apoptosis pathway is 

usually prevented by FADD-like IL-1β activation pathway (Ware 2005). 

Activation of TNFR2 has been less extensively studied, but this receptor can 

also lead to the activation of NF-κB pathways. The receptor signal proceeds 

through TRAF (Ware 2005). 

5.3 Effects of TNFα 

TNFα regulates different inflammatory processes in RA and SpA as it is at 

the top of the cytokine cascade (Feldmann and Maini 2001) and the expression 

of synovial TNFα can be reduced by infliximab therapy and in that way the 

inflammatory response can be lessened (Ulfgren et al. 2000) In an animal model, 

dysregulated TNFα production led to chronic polyarthritis, which could be 

prevented by administration of an antibody against TNFα (Keffer et al. 1991). 

Furthermore in Tnf-/- mice, collagen induced arthritis develop only in part of 

exposed animals with milder symptoms and later time of onset than in wild type 

mice (Campbell et al. 2001). 

As a result of the increased levels of TNFα, different pathologic processes 

are triggered (Figure 3) and aggravate inflammatory arthritis (Brennan and 

McInnes 2008). For example, as a result of increased TNFα expression in 

inflamed synovial tissue, endothelial cells become activated and adhesion 

molecules, like ICAM-1 and E-selectin are expressed in excess amounts. The 

adhesion molecules assist leukocyte infiltration into inflammatory tissue 

(Sweeney and Firestein 2004) and thus the leukocyte accumulation into 

inflammatory sites can be reduced by infliximab treatment (Tak et al. 1996). 

Different inflammatory cells are also activated by TNFα and they produce 

inflammatory cytokines, including IL-1 (Buchan et al. 1988) and IL-6 (Hirano et 

al. 1988). A reduction in the concentration of IL-6 in serum has been detected 
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after infliximab infusion in RA patients (Charles et al. 1999) and the level of an 

acute phase reactant, serum CRP is decreased (Elliott et al. 1993). 
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Figure 3.  Effects of tumor necrosis factor alpha (TNFα) in rheumatoid arthritis 
(RA). , increase. PGE, prostaglandin E; NO, nitric oxide; TIMP, tissue inhibitor of 
metalloproteinases 

 
Rheumatic synovium contains a large number of T-cells (Firestein 2003). 

TNFα, in addition to IL-6 and IL-1 initiates differentiation of Th17 type 

lymphocytes which express IL-17, a pro-inflammatory cytokine that mediates 

synovitis and articular damage (Imboden 2009). Neutrophils are also found in 

rheumatic synovium and these cells are activated by TNFα which can be 

prevented by infliximab treatment (Pay et al. 2005). TNFα can activate 

transcription factor activator protein-1 (AP-1) in synoviocytes to produce 

metalloproteinases (Firestein 2003). In synovial cells and cartilage different 
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mediators are released after TNFα regulation, for example NO (Bingham 2002, 

Vuolteenaho et al. 2002) and this release can be modulated by anti-TNFα 

therapy (Vuolteenaho et al. 2002). It is known that TNFα increases synovial cell 

proliferation (Firestein 2003). 

TNFα has a role in host defence against infections that has been confirmed by 

studies with TNFα receptor-deficient mice. Furthermore, an elevated risk of 

infections has been linked with anti-TNFα therapy (Furst et al. 2006). Resistance 

to bacterial infections, like Mycobacterium or Listeria, has been shown to be 

regulated by TNFα. The formation and maintenance of granulomas is influenced 

by TNFα (Roach et al. 2002, Wallis et al. 2005). However, the estimation of the 

involvement is complicated because of the fact that patients with RA seem to be 

at an increased risk for suffering infections (Mutru et al. 1985, Doran et al. 

2002b, Doran et al. 2002c). 

Patients with RA are in increased risk of developing lymphomas. Although 

TNFα antagonists have been associated with an elevated risk of malignancy, 

recent studies have indicated that drug treatment does not further increase that 

risk (Kaiser 2008). Atherosclerosis is linked to inflammation during all stages of 

the disease. Thus TNFα can modify the traditional risk factors for 

atherosclerosis, e.g. it promotes the development of dyslipidaemia and insulin 

resistance. Adhesion molecules are upregulated by TNFα leading eventually to 

fatty streak formation and the initiation of atherosclerosis. Finally inflammation 

can lead to the rupture of the plaque (Dixon and Symmons 2007). 

In RA and other inflammatory diseases, like SpA and JIA, TNFα is the 

driving force for inflammation. Overexpression of TNFα leads to dysregulation 

of immune cells and cytokines and other inflammatory mediators that in turn 

induce pathological changes within the joints. TNFα also plays a pivotal role in 

inflammatory bowel diseases (e.g. Crohn’s disease) and it has been shown to be 

upregulated in the intestine of patients with active disease (Panes et al. 2007). 

5.4 TNFα antagonists in the treatment of rheumatoid arthritis and 
spondyloarthropathies 

Despite the fact that traditional DMARDs provide many patients with a good 

clinical improvement and even remission, some patients are resistant to 
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DMARDs, also when given as a combination treatment. This phenomenon led to 

development of new drugs and the introduction of the first biological drugs in the 

treatment of RA directed against TNFα. At the moment, there are three different 

TNFα antagonists in clinical use, infliximab, etanercept and adalimumab and 

recently two other compounds in the group were introduced, i.e. TNFα 

monoclonal antibody golimumab and pegylated antibody certolizumab. They all 

have been found to be effective in the treatment in rheumatic and other 

inflammatory diseases. 
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Figure 4. Structure of the anti-tumor necrosis factor alpha (TNFα) antagonists 
investigated in the present study. 

5.4.1 Infliximab 

Infliximab (Figure 4) is a chimeric monoclonal antibody which binds to against 

TNFα. It is composed of Fc region of a human IgG and a murine Fab part. In 

confirmation to in vitro and animal studies, early clinical data suggested that 

TNFα would be an important target for specific biological therapy in RA (Knight 

et al. 1993). 

 

Infliximab in rheumatoid arthritis 

Elliott et al. evaluated the safety and efficacy of a chimeric monoclonal antibody 

targeted to TNFα in patients with RA treated with a total dose of 20 mg/kg of the 

TNFα antagonist in an open phase I/II trial for 8 weeks. Fifteen patients received 

two infusions at a dose of 10 mg/kg at two weeks intervals and five patients 

received four infusions at a dose of 5 mg/kg on days 0, 4, 8 and 12. In addition to 
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clinical and laboratory improvements, the patients tolerated the treatment well. 

Since the preliminary results were so good, these workers were encouraged to 

continue further studies with the TNFα antagonist. (Elliott et al. 1993) 

In a double-blind trial, 73 patients with active RA were randomized to have 

either a single infusion of 1 or 10 mg/kg of cA2 (infliximab) or placebo in 

addition to their oral glucocorticoid or DMARD treatment. After four weeks, the 

response rate at Paulus 20% criteria (Paulus et al. 1990) was 8% in placebo 

group, 44% in 1 mg/kg recipients, and 79% in 10 mg/kg recipients. The 

corresponding response rates at Paulus 50% criteria were 8%, 28% and 58%. 

Five infections and four injection related reactions did take place (Elliott et 

al.1994a). 

The experience from previous studies had indicated that patients could 

experienc a relapse after a single infliximab infusion during follow-up. In order 

to examine the use of repeated infusions of cA2 (infliximab), eight patients were 

treated with two to four cycles which were scheduled by disease flare. Most 

cycles were administered within five weeks of relapse. Individual patients 

exhibited varying responses, but the median Paulus 20% response duration after 

treatment with 20 mg/kg in cycle two was 9 weeks. Adverse events included 

infections, infusion reactions and development of antinuclear antibodies. (Elliott 

et al. 1994b) 

The efficacy, pharmacokinetics, immunogenicity, and safety of cA2 

(infliximab) were studied in a multicenter study. A total of 101 RA patients from 

six different centers were randomized to seven groups. In three groups 

infliximab was administered at doses of 1, 3 or 10 mg/kg concomitantly with 7.5 

mg/week of oral methotrexate, whereas in other three groups, the patients 

received 1, 3 or 10 mg/kg of infliximab without methotrexate. One group 

received methotrexate and placebo. The clinical response was evaluated by the 

Paulus 20% and 50% index (Paulus et al. 1990) after 26 weeks of follow-up. 

Anti-TNFα therapy given together with methotrexate evoked a better response 

than methotrexate alone. Four patients achieved complete remission and 12 

patients achieved partial remission for at least eight consecutive weeks. In the 

placebo plus methotrexate group, the patients discontinued the treatment mainly 

due to lack of efficacy. Minor adverse events were more common in groups 

 48 



receiving infliximab (83%) than methotrexate only (57%). Infusion reactions 

occurred in five patients during the infusion period and necessitated 

discontinuation of the treatment. One patient discontinued because of a rash after 

one week which appeared after the fourth infusion. Almost one of three (32%) 

patients receiving infliximab developed an infection requiring antimicrobial 

treatment as compared to 21% of the patients receiving placebo plus 

methotrexate. Finally, 8% of the cA2-treated patients developed anti-dsDNA 

antibodies and one patient suffered systemic lupus erythematosus (SLE). (Maini 

et al. 1998) 

In a trial of 428 RA patients, infliximab at a dose 3 or 10 mg/kg or placebo 

was given intravenously at either four or eight week intervals. All patients had 

previously received continuous methotrexate for at least three months and at a 

stable dose for at least four weeks. An ACR50 response was achieved after 30 

weeks treatment by between 26-31% of the patients depending on the infliximab 

dose and infusion intervals. The incidence of infections in patients receiving 

infliximab at the dose of 10 mg/kg in four weeks intervals was 73% as compared 

to 47% in patients receiving 3 mg/kg or 40% in placebo group. Three 

malignancies were diagnosed, all in patients receiving infliximab at 10 mg/kg, 

though the incidence was not greater than that of age and sex matched 

population. (Maini et al. 1999) 

Patients from the above report were included also in the 54 weeks’ follow-up 

study, when 79% of the patients were continuing with the infliximab and 

methotrexate treatment. Twelve per cent of patients in infliximab plus 

methotrexate group and 36% of the patients receiving methotrexate alone had 

discontinued therapy due to lack of efficacy. Although there were no significant 

differences in the frequency of infections, respiratory tract infections were more 

common in the groups receiving infliximab plus methotrexate compared to those 

receiving methotrexate alone. Also some serious infections were reported, such 

as urinary infections, sepsis, pneumonia and tuberculosis. Radiographic changes 

were retarded in infliximab plus methotrexate groups as compared to those 

receiving methotrexate alone. (Lipsky et al. 2000) 

The results of the 24 months’ follow-up of the above mentioned study were 

reported in a separate article. Infliximab plus methotrexate resulted in a greater 
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improvement than methotrexate alone. An ACR50 response was achieved by 

20-36% of the patients in the infliximab group depending on the dose and 

infusion intervals, and but only by 6% in methotrexate group. In the infliximab 

plus methotrexate group, 55-68% of patients completed the study depending on 

the dose and infusion intervals, compared to only 16% in methotrexate group. 

Patients who received infliximab in addition to methotrexate suffered less 

progression in the structural damage than those treated with methotrexate plus 

placebo. The adverse events were very similar in all groups. (Maini et al. 2004) 

In early RA, infliximab combined with methotrexate has been shown to 

confer better efficacy and also a superior antierosive benefit versus methotrexate 

alone (Breedveld et al. 2004, St Clair et al. 2004). 

 

Infliximab in ankylosing spondylitis 

Infliximab has proved effective and well tolerated in the treatment of AS (Brandt 

et al. 2000, Stone et al. 2001, Braun et al. 2002a, Braun et al. 2003, van der 

Heijde et al. 2005, Braun et al. 2006, Braun 2008) and also in other 

spondyloarthropathies (van den Bosch et al. 2002). The adverse events were 

similar to those observed in the treatment of RA. Radiographic progression was 

reduced in infliximab-treated patients when compared to conventionally treated 

AS patients (Baraliakos et al. 2005b). On the contrary, van der Heijde et al. did 

not observe any statistically significant difference in inhibition of radiographic 

progression in infliximab-treated patients compared to placebo-treated (van der 

Heijde et al. 2008b). However, inflammatory changes at the spine as measured 

by MRI were diminished by infliximab treatment (Braun et al. 2006). 

 

Infliximab in juvenile idiopathic arthritis 

In a non-randomised, prospective, open label study of 14 JIA patients, infliximab 

was effective and well tolerated. The study patients were treated with infliximab 

added to their previous DMARD treatment. In three patients, an infusion related 

reaction appeared, one patient developed symptoms and signs of macrophage 

activation syndrome and one girl became anti-dsDNA antibody positive and a 

previous alopecia reoccurred. One patient did not reach ACR Pedi50 and 

therefore infliximab treatment was discontinued. (Lahdenne et al. 2003) 
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In a pilot study, repeated infusions of infliximab were given at a dose of 3 

mg/kg combined with methotrexate to 24 JIA patients (Gerloni et al. 2005). In 

their subsequent prospective study, patients were randomized to receive first 

infliximab 3 mg/kg or placebo for 14 weeks, after which all children received 

infliximab through week 44. Patients received infliximab at a dose of 3 mg/kg 

with methotrexate through week 44, or placebo plus methotrexate for 14 weeks 

followed by infliximab 6 mg/kg with concomitant methotrexate through week 

44. A rapid clinical response was observed, but in the infliximab 3 mg/kg group 

there were more infections and these infections were more serious than in the 6 

mg/kg or placebo groups. Four patients (three in 3 mg/kg and one in 6 mg/kg 

group) suffered a possible anaphylactic reaction. (Ruperto et al. 2007) 

Twenty-one JIA patients with uveitis were treated with infliximab and the 

ophthalmological status improved after 24 months’ treatment in nine (43%) 

patients in conjunction with the clinical articular improvement (Tynjälä et al. 

2007). 

In the retrospective study conducted by Tynjälä et al., 104 JIA patients with 

infliximab treatment were followed and the treatment survival at 12 months was 

80% and declining at 24 months to 68%. The main reasons for discontinuation 

were inefficacy (20%), adverse events (22%) or inactive disease (16%). (Tynjälä 

et al. 2009) 

5.4.2 Etanercept 

A therapeutic response was noted to treatments achieving an elevated 

concentration on soluble TNFRs in serum and synovial fluid in RA since these 

receptors function as endogenous TNFα antagonists (Cope et al. 1992, Barrera et 

al. 1993, Chikanza et al. 1993, Roux-Lombard et al. 1993). Therefore a 

recombinant human TNFR P75-Fc fusion protein (TNFR:Fc, later known as 

etanercept) was developed and as expected it was found to neutralize TNFα 

(Mohler et al. 1993). The production of TNFR:Fc was achieved by combining 

DNA formed from two linked single DNAs where one DNA sequence encoded 

the soluble portion of human TNFR p75 and the other DNA part encoded for the 
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Fc portion of a human IgG1 molecule (Figure 4). When TNFR:Fc was added to 

active TNFα, the total biological activity of TNFα was reduced. 

 

Etanercept in rheumatoid arthritis 

The safety and pharmacokinetics of recombinant human tumor necrosis factor 

receptor (p80) fusion protein (rhTNFR:Fc) was evaluated in a four week trial 

with 22 RA patients. Sixteen patients had a single intravenous loading dose 

followed by subcutaneous maintenance injections twice weekly for one month. 

The patients were subdivided into four different dose groups and in each group 

three patients received drug and one patient received placebo. After four weeks, 

three additional patients received the highest dose and three additional patients 

received the lowest dose in an open label study to obtain more safety data. There 

were no serious adverse events. Mild injection site reactions did occur in four 

patients. (Moreland et al. 1996) 

The study was continued on the basis of these positive results to encompass a 

multicenter, double-blind trial to evaluate the safety and efficacy of TNFR:Fc 

(etanercept). A total of 180 patients with refractory RA were randomly assigned 

to receive one of three doses of TNFR:Fc (0.25, 2 or 16 mg per square meter of 

body-surface area), or placebo, twice a week for three months. The disease 

activity reduced significantly and the therapeutic effect was dose-related, the 

highest dose of TNFR:Fc resulted in the greatest improvement in the number of 

swollen and tender joints. The most common adverse events were mild injection-

site reactions and mild upper respiratory tract symptoms. No dose limiting toxic 

effects appeared and only one patient had to terminate treatment because of an 

injection site reaction. No antibodies to TNFR:Fc were detected in serum. 

(Moreland et al. 1997) 

A randomized, double-blind, placebo-controlled trial with blinded joint 

assessors evaluated 234 patients with active RA despite treatment with different 

DMARDs. Patients were treated with placebo or 10 or 25 mg of etanercept 

subcutaneously twice a week for six months. At 6 months, 59% of the patients 

receiving 25 mg of etanercept and 11% of the placebo recipients reached an 

ACR20 response, and ACR50 response was achieved by 40% and 5% of the 

patients, respectively. The most common adverse events were mild injection site 
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reactions, which were suffered by 49% of the patients receiving 25 mg 

etanercept, of whom only one patient discontinued the treatment. (Moreland et 

al. 1999) 

In a study of 89 RA patients, the combination of methotrexate and etanercept 

proved effective and well tolerated. Patients were randomized to have either 

etanercept 25 mg or placebo subcutaneously twice a week while continuing to 

receive methotrexate. Injection site reactions were more common in patients 

treated with the combination than in those receiving methotrexate alone. The 

most common adverse events encountered by patients were infections, and in all 

groups there were some patients with lymphocytopenia (Weinblatt et al. 1999). 

The safety and efficacy of etanercept in 628 RA patients was evaluated an a 

study which had a median treatment time of 25 months. The study included 

patients from the three above studies who had failed to respond to their previous 

DMARD treatment and had received at least one dose of etanercept. Nine per 

cent of patients discontinued due to lack of efficacy and seven per cent due to an 

adverse event. A serious infection that required hospitalization or intravenous 

antibiotics had occurred in 43 patients and eight malignancies were reported. 

(Moreland et al. 2001) 

Etanercept treatment has also been studied in early RA. Bathon et al. treated 

632 patients with early RA with subcutaneous etanercept twice a week at a dose 

of 10 or 25 mg as compared to oral methotrexate once a week at a mean dose of 

methotrexate 19 mg per week. At 12 months 80-85% of the patients were still 

receiving the treatment depending on the dose compared to 79% of methotrexate 

patients. A more slowly radiographic progression appeared in patients receiving 

25 mg of etanercept than in patients receiving methotrexate. The number of 

patients with infections was similar in all groups. (Bathon et al. 2000) 

In the trial of the combination therapy with methotrexate and etanercept was 

significantly better than either drug alone. After a 52 week follow-up, an ACR50 

response was achieved by 69% of patients in the combination group as compared 

with 43% and 48% in the methotrexate and etanercept groups, respectively. The 

number of reported infections was similar in all groups (Klareskog et al. 2004). 
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Etanercept in ankylosing spondylitis 

In the treatment of AS, etanercept was found to be effective and well tolerated as 

compared to placebo (Calin et al. 2004, Brandt et al. 2005), but also serious 

adverse events appeared. One patient developed Crohn’s disease which was 

thought to be related to etanercept treatment (Brandt et al. 2005). Radiographic 

changes were not significantly retarded in etanercept-treated patients compared 

to placebo group receiving standard anti-inflammatory drug therapy (van der 

Heijde et al. 2008a). An MRI scan revealed that the inflammatory findings in 

spine were reduced at both the 24 weeks’ and 24 months’ follow-up inspections 

(Baraliakos et al. 2005a, Rudwaleit et al. 2005). However, some of the patients 

did not experience a satisfying reduction in spinal inflammation at the 24 

months’ survey (Baraliakos et al. 2005a). 

 

Etanercept in juvenile idiopathic arthritis 

Today, etanercept is established in the treatment of JIA. Lovell et al. first 

evaluated the safety and efficacy of etanercept in patients with polyarticular JIA 

who had failed to respond to methotrexate treatment. Initially, 43 girls and 26 

boys with a mean of 6 years’ disease history were enrolled in an open-label 

study. All patients received etanercept 0.4 mg/kg subcutaneously twice a week 

for up to three months in the open-label phase and 51 of the 69 patients 

responded to treatment and were entered into the double-blind study. After 

randomization, 51 patients received either placebo or etanercept 0.4 mg/kg 

subcutaneously for a maximum of seven months. After the whole follow-up 

period (seven months), out of the total 51 who started the trial 6/26 in placebo 

and 18/25 in etanercept group completed the whole study. The most common 

adverse events were infections and injection site reactions (Lovell et al. 2000). In 

the long-term evaluation of the safety and efficacy, study patients were further 

followed-up for 24 months, with infections being the the most common adverse 

events (Lovell et al. 2003). Recently the eight years’ data was published, where 

34% of the patients were still continuing with the treatment. The main reasons 

for discontinuation of etanercept treatment were lack of efficacy and adverse 

events, 12% and 7%, respectively (Lovell et al. 2008a). 
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Severe adverse events were reported in 12 patients in a study with 61 JIA 

patients during years 1999 to 2001. These adverse effects included neurologic or 

psychiatric disorders, retrobulbar optic neuropathy, major weight gain, severe 

infection, cutaneous vasculitis with systemic symptoms, hemorrhagic diarrhea, 

uveitis flare and pancytopania. After discontinuation of etanercept, all adverse 

events disappeared (Quartier et al. 2003). 

In an open-label (previously partially described) study, 10 polyarticular JIA 

patients received etanercept. ACR Paediatric 50 was achieved at 3, 6 and 12 

months time by 90, 89 and 89%, respectively. One patient discontinued due to 

lack of efficacy (Lahdenne et al. 2003) 

Twenty-four JIA patients with uveitis were treated with etanercept and in five 

(21%) patients the ophthalmological status improved after 24 months’ treatment 

along with clinical articular improvement (Tynjälä et al. 2007). 

In a retrospective study of 105 JIA patients on etanercept treatment, drug 

survival at 12 and 24 months was 83% and 68%, respectively. The main reasons 

for discontinuation were lack of efficacy (28%), adverse event (7%) or inactive 

disease (10%) (Tynjälä et al. 2009). 

5.4.3 Adalimumab 

The safety and efficacy of fully human anti-TNFα monoclonal antibody (Figure 

4) D2E7 (adalimumab) has been tested in different experimental systems. The 

ability of D2E7 to prevent arthritis was demonstrated in a transgenic mouse line 

that expressed 3’-modified human tumor necrosis factor (hTNFα) transgenes. 

These mice develop arthritis which resembles RA both clinically and 

histologically. When the transgenic mice were treated with a monoclonal 

antibody against human TNFα, this resulted in the complete prevention of 

arthritis (Keffer et al. 1991). 

 

Adalimumab in rheumatoid arthritis 

Since the preliminary results of adalimumab (D2E7) in the treatment of RA were 

promising, more clinical trials were performed (Kempeni 1999). For example, 
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patients with active RA treated with a single dose of adalimumab experienced a 

rapid clinical response (Barrera et al. 2001). 

In a randomized, double blind, placebo controlled trial, 120 patients with 

active RA were treated with single ascending doses of adalimumab from 0.5 up 

to 10 mg/kg. Safety, pharmacokinetics and efficacy were determined over a four 

week period. The effects were seen during the first week, even a mere after 24 

hours. The maximum effect was reached after 1-2 week’s treatment. Single doses 

of adalimumab were well tolerated. (den Broeder et al. 2002) 

When adalimumab was compared to methotrexate in the treatment of RA, the 

patients on adalimumab responded better than those on methotrexate. The most 

common adverse events were common cold, rash and flu-like symptoms. 

(Barrera et al. 2002) 

In the multicenter trial (ARMADA), a total of 271 RA patients were treated 

with adalimumab at a dose of 20, 40 or 80 mg subcutaneously or with placebo 

every other week in addition to their standard methotrexate treatment. After 24 

weeks of treatment, an ACR20 response was achieved by 48%, 67% and 66% of 

patients in 20, 40 and 80 mg groups, respectively. In placebo plus methotrexate 

group ACR20 response was achieved by 15%. Infections, usually in the upper 

respiratory tract, and injection site reactions were the most common adverse 

events. In all, seven patients had to withdraw from the study because they had 

experienced an adverse event. (Weinblatt et al. 2003) 

In the extended ARMADA trial with a four year follow-up, RA patients with 

adalimumab treatment with concomitant methotrexate were reported to 

experience a sustained clinical response. The incidence of serious infections had 

not increased significantly at four years when compared to the six months’ 

results. (Weinblatt et al. 2006) 

In a 26 week clinical study, 60 patients were randomized to receive 

adalimumab at a dose of 0.25, 0.5, 1, 3 or 5 mg/kg or placebo with or without 

methotrexate. ACR50 improvement was achieved in 11-44% of the patients on 

adalimumab, depending of the dose, but none of the 15 patients receiving 

placebo achieved ACR50. The most common adverse events were headache, 

nausea, rhinitis, increased cough and dizziness. Two serious adverse events 
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appeared in one individual, who developed septic arthritis and soft tissue 

infection. (Weisman et al. 2003) 

In a 24 week study, a total of 636 RA patients were randomized to receive 

adalimumab 40 mg or placebo every other week while they continued their 

standard DMARD treatment. In this trial, nearly 29% of the adalimumab-treated 

and 11% of the placebo-treated patients achieved ACR50 and there were no 

statistically significant differences in the rates of serious or other infections 

between the groups. (Furst et al. 2003) 

In early RA, the efficacy and safety of combination therapy with adalimumab 

and methotrexate were compared to methotrexate or adalimumab monotherapy 

in 799 RA patients in a 24 months’ intervention (PREMIER). The study patients 

were methotrexate naive and had a disease duration of less than three years. The 

ACR50 response was achieved by 62% of the patients receiving adalimumab 

plus methotrexate at 12 months and by 59% at 24 months. In patients receiving 

adalimumab alone, 41% and 37% achieved ACR50 at 12 and 24 months, 

respectively. In patients treated with methotrexate alone, bone erosions were 

more common than in those receiving adalimumab in combination with 

methotrexate. Serious infections appeared more often in the adalimumab plus 

methotrexate group than in patients receiving adalimumab alone. (Breedveld et 

al. 2006) 

In a multicenter trial, 619 RA patients on methotrexate treatment were 

randomized to receive adalimumab at doses of 20 or 40 mg per week 

subcutaneously, or placebo. Adalimumab was found to be antierosive and also to 

induce a better clinical improvement compared to placebo after 52 weeks of 

treatment. (Keystone et al. 2004) 

 

Adalimumab in ankylosing spondylitis 

Adalimumab has also been shown to be anti-inflammatory and well tolerated in 

AS. The most frequent adverse events associated with the treatment were upper 

respiratory tract infections, headache and diarrhea. In addition, injection site 

reactions appeared. (Haibel et al. 2006, van der Heijde et al. 2006, Lambert et al. 

2007, van der Heijde et al. 2009) The progress of radiographic changes was 

slower in adalimumab-treated patients as compared to placebo or 
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methotrexate-treated patients (Keystone et al. 2004, Emery et al. 2009). In 

contrast, van der Heijde et al. did not observe any inhibition of radiographic 

progression in AS patients treated with adalimumab (van der Heijde et al. 2009). 

 
Adalimumab in juvenile idiopathic arthritis 

Recently Lovell et al. published promising results on the treatment of 

polyarticular JIA with adalimumab concluding that it represented a good 

treatment option (Lovell et al. 2008b). That study included 171 JIA patients from 

4 to 17 years of age with active disease who were treated in open-label phase 

either with adalimumab in addition to their previous methotrexate treatment 

(n=85) or with adalimumab as monotherapy (n=86). During the open-label 

phase, all patients were receiving adalimumab at a dose of 24 mg /m2 

subcutaneously every other week for 16 weeks. From the 86 patients without 

methotrexate 64 (74%) and from the 85 patients receiving methotrexate 80 

(94%) experienced an ACR Pedi30 response at week 16. All of the patients who 

had achieved ACR Pedi30 response were enrolled into the double-blind phase 

and were randomized to four different groups to receive subcutaneous 

adalimumab or placebo every other week for 32 weeks with or without 

methotrexate. At week 48, an ACR Pedi30 response was achieved in 57% of the 

adalimumab-treated patients without methotrexate and in 63% of the patients 

receiving methotrexate in addition to adalimumab. Comparable values in 

placebo-treated patients were 32% and 38%. The most frequently reported 

adverse events were infections and injection-site reactions. (Lovell et al. 2008b) 

In a retrospective study, 20 JIA patients with JIA and chronic uveitis treated 

with adalimumab were evaluated with respect to the clinical response. In 14 of 

the 20 patients disease activity in joints was observed in addition to uveitis. 

Adalimumab was effective, i.e. 6/14 (43%) of the patients had inactive arthritis 

after the follow-up period and in 7/20 (35%) of the patients, the symptoms of 

uveitis improved. (Tynjälä et al. 2008) 

 

 58 



Aims of the study 

The purpose of the present study was to investigate anti-TNFα therapy in the 

treatment of RA, SpA and JIA in everyday practice which was according to the 

national guidelines by focusing on the following detailed aims: 

 

1. to study the effects of infliximab on cytokine concentrations, and on 

myeloperoxidase enzyme and soluble adhesion molecule levels in 

patients with JIA (I) 

2. to investigate treatment continuation and discontinuation (drug survival) 

during anti-TNFα therapy in patients with RA or SpA (II, III, IV) 

3. to identify the reasons for discontinuation of anti-TNFα therapy in 

patients with RA or SpA (II, III, IV) 

4. to investigate in more detail the adverse events which caused 

discontinuation of anti-TNFα therapy in patients with RA or SpA  

(II, III, IV) 
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Materials and methods 

1 Patients 

1.1 Study I 

The study included eight patients with JIA (Table 8) from the previous study of 

Lahdenne et al. (Lahdenne et al. 2003). They fulfilled the ILAR classification 

criteria of JIA (Petty et al. 1998) and were treated with infliximab. Five of the 

patients were girls and three boys, with a mean age of 10 years (range 5-14 

years). The mean age at onset of JIA was 5 years (range 3-8 years). Before the 

infliximab treatment was started, the patients had suffered from an active disease 

for at least one year and their disease was refractory to standard treatments which 

included different combinations of methotrexate, prednisolone, cyclosporine A, 

sulfasalazine, and / or hydroxychloroquine and i.e. glucocorticoid injections. All 

patients were receiving NSAIDs as a symptomatic treatment. 

Table 8. Patient characteristics in study I. 

Patient
Sex

(F / M)
Age 

(years) Diagnosis

Disease 
duration 
(years) HLAB27

Rheumatoid
Factor

Antinuclear
Antibodies Iritis

1  F 9 Extended
oligoarthritis

3 negative negative positive yes

2  F 12 Polyarthritis 10 negative negative negative yes
3 M 13 Extended

oligoarthritis
8 positive negative positive yes

4  F 7 Polyarthritis 5 negative negative positive yes
5 M 9 Polyarthritis 1 negative negative negative no
6  F 5 Extended

oligoarthritis
3 positive negative negative no

7 M 10 Polyarthritis 3 negative negative negative yes
8  F 12 Polyarthritis 10 negative negative negative yes

Reprinted with permission from: Levälampi et al. 2008 Scan J Rheum 36: 189-193. © Taylor&Francis
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1.2 Studies II, III and IV 

The study population included 200 consecutive RA and SpA patients (Figure 5), 

treated in the Department of Internal Medicine, Section of Rheumatology of the 

Tampere University Hospital, Finland, who commenced anti-TNFα therapy as 

their first biologic treatment for active RA or SpA during the years 1999 to 2005. 

RA group included also adult patients with JIA. 

 
200 patients with RA or SpA

Commenced  treatment during 1999-2005anti-TNFα

104 patients treated
with infliximab

53 patients treated
with etanercept

43 patients treated
with adalimumab

Six months
(study II)

14 patients
discontinued

26 patients
continued

17 patients
discontinued

30 patients
discontinued

62 patients
discontinued

One year
(study III)

One year
(study III)

Two years
(study IV)

41 patients
continued

39 patients
continued

74 patients
continued

 

Figure 5.  Patients in studies II, III and IV. 

 
Studies II and IV consisted of 104 patients with severe RA or SpA who were 

started infliximab treatment. Sixty-two per cent of the patients (64 patients) were 

female, and at the beginning of infliximab treatment the mean age was 45 (range 

18-75) years and the mean duration of the disease was 12 (range 0.8-52) years 

(Table 9). Sixty-two (60%) patients had RA and nearly 60% of them (37 

patients) had seropositive RA, one fourth (16 patients) had seronegative RA and 

about 15% (10 patients) had JIA (Table 10). Forty-two (40%) of the patients had 

SpA and about 40% (18 patients) of them had AS and nearly 20% (8 patients) 

PsA (Table 10). Seronegative oligoarthritis, enteropathic arthritis, ReA and 

sacroiliitis were represented in minor part (Table 10). 
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Table 9.  Characteristics of patients commenced anti-tumor necrosis factor alpha 
(TNFα) therapy. 

infliximab
group

etanercept
group

adalimumab
group

(n = 104) (n = 53) (n = 43)
Age, years (range) 45 (18-75) 44 (18-75) 52 (17-74)
Female (%) 62 % 58 % 72 %
Disease duration, years (range) 12 (0.8-52) 10 (1-36) 16 (1-45)
Number of concomitant DMARDs

0 (%) 5 % 6 % 7 %
1 (%) 37 % 22 % 32 %
2 (%) 29 % 36 % 26 %

3 or more (%) 29 % 36 % 35 %
Glucocorticoid intake (%) 91 % 81 % 93 %
Glucocorticoid dose (mean; mg/day) 10 6.8 7.4
DMARD,disease modifying antirheumatic drug.  

 

Table 10.  Infliximab-treated patients (n=104) according to the diagnosis. 

Diagnosis n
RA 62

Seropositive RA 37
Seronegative RA 15
JIA 10

SpA 42
Ankylosing spondylitis 18
Psoriatic arthritis 8
Seronegative oligoarthritis 5
Enteropathic arthritis* 4
Reactive arthritis 4
Sacroiliitis 3

RA, rheumatoid arthritis; JIA, juvenile idiopathic arthirits;
SpA, spondyloarthropathy; *Crohn's disease and ulcerative colitis

 

Most of the patients (95%) were treated with one or more concomitant DMARDs 

and 91% received low dose oral glucocorticoids in accordance to the national 

recommendations for infliximab treatment (Table 9). 
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Study III included 53 patients treated with etanercept and 43 patients with 

adalimumab. At the onset of the treatment, the mean age of the patients receiving 

etanercept was 44 (range 18-75) years, 58% (31 patients) were female and the 

mean disease duration was 10 (range 1-36) years (Table 9). 

 

Table 11. Etanercept-treated patients (n=53) according to their diagnosis. 

Diagnosis n
RA 31

Seropositive RA 21
Seronegative RA 5
JIA 5

SpA 22
Ankylosing spondylitis 10
Psoriatic arthritis 5
Seronegative oligoarthritis 4
Sacroiliitis 2
Reactive arthritis 1

RA, rheumatoid arthritis; SpA, spondyloarthropathy;
JIA, juvenile idiopathic arthritis  

Thirty-one (58%) patients had rheumatoid arthritis including seropositive RA 

in 21 (68%), seronegative RA in 5 (16%) and JIA in 5 patients (16%) (Table 11). 

Twenty-two (42%) of the 53 patients had SpA including AS in 10 (45%) and 

PsA in 5 patients (23%). Seronegative oligoarthritis, reactive arthritis and 

sacroiliitis were represented to a minor degree (Table 11). 

Forty-three patients with RA or SpA started adalimumab as their first 

biological treatment (Table 9). The mean age at the beginning of the treatment 

was 52 (range 17-74) years, 72% of the patients were female and the mean 

duration of the disease was 16 (range 1-45) years (Table 9). Most of the patients 

(93%) were using at least one concomitant DMARD and 93% of them received 

also oral glucocorticoids (Table 9). Forty patients (93%) had RA and 

three-quarters of them had seropositive disease. Fifteen per cent of the RA 

patients had seronegative RA and 10% had JIA. Three patients (7%) had SpA 

(Table 12).  
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Table 12. Adalimumab-treated patients (n=43) according to their diagnosis. 

Diagnosis n
RA 40

Seropositive RA 30
Seronegative RA 6
JIA 4

SpA 3
Seronegative oligoarthritis 3

RA, rheumatoid arthritis; SpA, spondyloarthropathy;
JIA, juvenile idiopathic arthritis  

2 Methods and measurements 

2.1 Methods in study I 

Infliximab (3-4 mg/kg) was given intravenously at weeks 0, 2, 6 and thereafter at 

approximately six weeks intervals to the JIA patients (Table 8). Clinical response 

was assessed and blood samples for cytokine and adhesion molecule assays were 

collected before the first infusion and after 6, 12 and 24 weeks treatment. The 

clinical response was assessed by an experienced paediatric rheumatologist 

before the first infliximab infusion and at weeks 6, 12 and 24 just before the 

scheduled infliximab infusion. Four clinical parameters were registered: number 

of active joints, number of swollen joints, ESR and CRP. The study was 

approved by the ethical committee of Helsinki University Hospital. Patients 

and/or parents provided written informed consent before the commencement of 

the study. 

Reagents and laboratory methods in study I 

Serum samples were stored at -70° C until analysed. Myeloperoxidase (MPO) 

was measured by radioimmunoassay (MPO-RIA Pharmacia & Upjohn, Uppsala, 

Sweden). Cytokines were measured by enzyme-immunoassay using the 

following reagents: IL-6 and IL-10 (PeliPair TM, Sanquin Reagents, Amsterdam, 

The Netherlands), IL-1Ra, IL-1β, sTNFR1, sTNFR2 and TNFα (QuantikineTM 
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Immunoassay, R&D Systems, Minneapolis, MN, USA) and IL-18 (MBL ELISA, 

Medical & Biological Laboratories CO LTD, Nagoya, Japan). Soluble forms of 

adhesion molecules ICAM-1 and E-selectin (i.e. sICAM-1 and sE-selectin) were 

measured by reagents from HyCult Biotechnology (Uden, The Netherlands). 

 

Statistics: The results are expressed as mean ± standard error of mean (SEM). 

Repeated measures analysis of variance followed by Bonferroni multiple 

comparisons test was used in the statistical analysis. P-values less than 0.05 were 

normally considered significant. 

2.2 Methods in studies II, III and IV 

Indications for the use of anti-TNFα therapy were based on national 

recommendations (Rheumatoid arthritis: Current Care Guidelines 2009). The 

criteria to start anti-TNFα therapy treatment for RA was that the patient had been 

suffering from continuously active disease (at least six swollen and tender joints, 

and additionally the duration of morning stiffness ≥ 45 min and/or ESR ≥ 30 

mmHg and/or serum CRP ≥ 28 mg/l despite treatments with combinations of 

traditional DMARDs including methotrexate and glucocorticoids. 

The criteria to start anti-TNFα therapy for the treatment of AS included 1) 

inefficiency of at least two NSAIDs for at least three months, 2) sulfasalazine (or 

methotrexate if sulfasalazine was contraindicated) or possibly other DMARDs 

have been ineffective, and 3) the patient had an active disease based on BASDAI 

(≥ 4 cm) and on clinical grounds (acute sacroiliitis, elevated acute phase 

reactants, MRI findings). 

In the other spondyloarthropathies like PsA or IBD associated arthritides, 

there was no defined criteria for biologicals available, but the decision was made 

on clinical grounds by the treating rheumatologist based on the severity of 

oligo/polyarthritis and inflammatory axial disease, and when applicable, criteria 

for the treatment of RA and AS were used. 

In this observational study, patients were treated individually by their treating 

rheumatologist and visiting schedule was individually followed. Patient records 

of all patients who started infliximab, etanercept or adalimumab were able to 
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retrieve and examined afterwards. The study did not include any invasive 

operations and was approved by the Medical Director of the Tampere University 

Hospital. 

In studies II and IV, infliximab infusions were given on weeks 0, 2, 6 and 

every 8 weeks thereafter at a dose of 3 mg/kg. Based on the clinical response, the 

dose of infliximab could be elevated or lowered, or the infusion intervals 

shortened or lengthened. In study III, etanercept was given subcutaneously at a 

dose of 25 mg twice a week and adalimumab by a dose of 40 mg every other 

week subcutaneously. Anti-TNFα therapy was combined usually with 

methotrexate and often with other DMARDs (mostly sulfasalazine or 

hydroxychloroquine) and low-dose prednisolone. The clinical response was 

carefully registered by an experienced rheumatologist at outpatient visits. In RA, 

the clinical evaluation was based on ACR response criteria (Felson et al. 1995) 

including number of swollen and tender joints, the physician’s assessment of 

disease activity (VAS 0-10 cm), patient’s assessment of general health (VAS), 

pain (VAS) and HAQ, and markers of acute phase activity (ESR and CRP). A 

treatment response less than ACR50 was regarded as ineffective. In AS and other 

SpA, the clinical response was evaluated by using BASDAI and BASFI indexes, 

and the treatment was regarded as ineffective if the decline in the BASDAI index 

was less than 50% or 2 cm. 
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Summary of the results 

1 Circulating cytokines and soluble adhesion 
molecules in patients with juvenile idiopathic arthritis 
during infliximab treatment (I) 

The study included eight patients with JIA who all responded favourably to 

infliximab treatment. Clinical parameters were found to improve already during 

the first six weeks of treatment (Table 13), and the good clinical response was 

maintained up to the end of the 24 weeks of treatment. We investigated changes 

in the concentrations of inflammatory cytokines and other inflammatory factors 

along with clinical improvement. 

Table 13. Effects of infliximab treatment on clinical parameters and inflammatory 
factors during infliximab treatment in patients (n=8) with juvenile idiopathic arthritis 
(JIA). 

16.3 ± 4.4 3.6 ± 1.2** 3.4 ± 1.2** 4.4 ± 2.3**

13.3 ± 4.8 2.1 ± 1.0* 3.9 ± 1.2 2.4 ± 1.4*

31 ± 7.8 8.4 ± 3.1** 9.3 ± 3.5** 6.6 ± 1.5***

38.9 ± 5.5 17.4 ± 2.8*** 15.8 ± 2.8*** 18.1 ± 4.4***

14.6 ± 3.4 7.6 ± 2.0* 7.2 ± 1.3* 8.4 ± 2.2

292 ± 44.3 262 ± 24.3 282 ± 28.8 285 ± 34.0

584 ± 121 373 ± 55.7* 368 ± 41.1* 373 ± 66.1*

2.3 ± 0.6 2.3 ± 0.5 2.1 ± 0.4 2.2 ± 0.4

793 ± 303 459 ± 104 546 ± 88.1 573 ± 84.5

1381 ± 127 1137 ± 69.6* 1242 ± 94.7 1118 ± 94.6**  

2251 ± 285 1971 ± 170 2045 ± 234 2092 ± 238

20.8 ± 6.0 28.7 ± 10.9 28.1 ± 8.4 51.3 ± 11.1

145 ± 5.4 129 ± 8.6*** 135 ± 7.7** 134 ± 7.1**

68.2 ± 6.5 57.0 ± 6.0** 63.1 ± 7.0 62.6 ± 7.0

sICAM-1 (ng/ml)

sE-Selectin (ng/ml)
Mean ± SEM, * = p < 0.05, ** = p < 0.01, *** = p < 0.001 compared to the baseline.
CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; IL, interleukin; MPO, myeloperoxidase; sTNFR, soluble tumor 
necrosis factor α receptor; TNFα, tumor necrosis factor α;  sICAM-1 and sE-selectin,  soluble adhesion molecules. Reprinted with 
permission from: Levälampi et al.2008, Scand J Rheumatol 36:189-193. © Taylor&Francis, modified.

IL-1Ra (pg/ml)

sTNFR1 (pg/ml)

sTNFR2 (pg/ml)

TNFα (pg/ml)

IL-6   (pg/ml)

IL-18 (pg/ml)

MPO (ng/ml)

IL-10 (pg/ml)

Active joints

Swollen joints

CRP (mg/l)

ESR (mm/h)

Parameter

Duration of the treatment (weeks)

0 6 12 24
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During 24 weeks follow-up CRP decreased from 31 ± 7.8 to 6.6 ± 1.5 mg/l 

and ESR from 38.9 ± 5.5 to 18.1 ± 4.4 mm/h. 

Concentrations of IL-6 in serum were reduced during infliximab treatment. 

After six weeks’ treatment with infliximab, the IL-6 levels were about 50% 

lower than before the commencement of the treatment and remained at the 

reduced level during the 24 weeks’ treatment period (Figure 6A). MPO levels in 

the serum samples from JIA patients declined significantly during infliximab 

treatment. After six weeks treatment, MPO levels were about 35% lower than 

before the treatment, and remained at that lower level along with the good 

clinical response during the 24 weeks treatment period (Figure 6B). 
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Figure 6.  Levels of interleukin 6 (IL-6) (A) and myeloperoxidase (MPO) (B) during 
infliximab treatment in patients with juvenile idiopathic arthritis. Mean ± SEM, n=8. 
*p<0.05. (Reprinted with permission from: Levälampi et al. 2008, Scand J Rheumatol 
36:189-193. © Taylor&Francis) 

sE-selectin and sICAM-1 were detectable in serum, and their levels became 

reduced to some extent during infliximab treatment. The maximal mean 

decreases were 16% and 10% in sE-selectin and sICAM-1 concentrations, 

respectively; these reductions were statistically significant (Table 13). 

No significant changes were found in IL-18 levels during infliximab 

treatment (Table 13), and the IL-1β concentrations were below the detection 
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limit of the enzyme-immunoassay used (detection limit of the assay was 2 

pg/ml).  

The mean levels of IL-1Ra reduced during the study but the change was not 

statistically significant, and the mean level of IL-10 remained at its low constant 

level throughout the study (Table 13). The soluble TNFR1 concentrations in 

serum declined during the treatment, the mean concentration at the beginning 

was 1381 pg/ml and at the end of the study it was 1118 pg/ml (p<0.01). The 

mean levels of sTNFR2 concentrations decreased to some extent but the change 

was not statistically significant (Table 13). Moreover, TNFα concentration in 

serum samples increased in six out of the eight patients, and the mean increase 

during 6 months’ treatment was about 150% (Table 13). 

2 Drug survival with anti-TNFα treatment in patients 
with rheumatoid arthritis or spondyloarthropathy (II, III 
and IV) 

Two hundred RA and SpA patients were treated with anti-TNFα therapy as their 

first biological treatment in Tampere University Hospital during the years 

1999-2005. In all, 104 of them were treated with infliximab, 53 with etanercept 

and 43 with adalimumab. Drug survival was determined after six, 12 and 24 

months in infliximab-treated patients, and after 12 months in the etanercept and 

adalimumab-treated patients. 

After six months’ infliximab treatment (Table 14), 71% of the patients (74 / 

104 patients) had achieved at least a 50% treatment response and were 

continuing with the treatment. Infliximab treatment had been discontinued in 30 

patients. Adverse events and lack of efficacy were the most common reasons for 

discontinuation of treatment. After six months of follow-up, the continuing rate 

in patients with RA was two thirds (43 / 63 patients, 68%) and slightly better (31 

/ 41 patients, 76%) in SpA patients (Table 14). 

At the 12 months’ assessment (Table 15) of the 104 patients, 53% (55 / 104 

patients) were continuing and 46% (48 / 104 patients) had discontinued 

infliximab treatment. 
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Table 14. Characteristics of the infliximab-treated patients at the beginning and 
after six months of the treatment. 

At the beginning 
Started Continuing

All
(n = 104)

 All
(n = 74 )

All
 (n = 30)

Remission
(n = 7)

Inadequate
response
(n = 8)

Adverse
event

(n = 13)

Other
reason
(n = 2)

45 (18-75) 45 (18-76) 47 (22-75) 36 (22-59) 47 (28-56) 31 (28-75) 47 (24-71)
62 % 57 % 73 % 86 % 50 % 77 % 100 %

12 (0.8-52) 13 (1-30) 12 (1-53) 10 (1-26) 6 (2-13) 17 (2-53) 16 (4-29)

5 % 3 % 20 % 0 % 13 % 23 % 50 %
37 % 41 % 33 % 100 % 25 % 23 % 0 %
29 % 28 % 30 % 0 % 25 % 39 % 50 %
29 % 28 % 17 % 0 % 37 % 15 % 0 %
91 % 82 % 80 % 86 % 100 % 77 % 100 %

10 5.7 8.7 4.6 16.3 6.1 16.9
DMARD, disease modifying antirheumatic drug.
Reprinted with permission from: Levälampi et el. 2008, Scand J Rheumatol 37:6-12. © Taylor&Francis, modified.

Age, years, mean (range)

0 (%)

Glucocorticoid intake (%)
Glucocorticoid dose, mean (mg/day)

Disease duration, years, mean (range)
Female (%)

Number of concomitant DMARDs

1 (%)
2 (%)

After six months of infliximab treatment
Discontinued

3 or more (%)

 

Table 15. Characteristics of the infliximab-treated patients at the beginning and 
after 12 months of the treatment. 

At the beginning 
Started Continuing

All
(n = 104)

All
(n = 55)

All
 (n = 48)

Remission
(n = 8 )

Inadequate
response
(n = 17)

Adverse
event

(n = 17)

Other
reason
(n = 6)

45 (18-75) 44 (18-76) 48 (19-76) 36 (19-59) 43 (28-56) 52 (28-75) 56 (24-76)
62 % 49 % 76 % 100 % 53 % 82 % 83 %

12 (0.8-52) 13 (1-30) 12 (1-53) 12 (1-26) 10 (2-23) 15 (2-53) 16 (4-29)

5 % 0 % 14 % 0 % 6 % 6 % 33.3 %
37 % 42 % 34 % 62 % 36 % 35 % 33.3 %
29 % 28 % 38 % 12 % 29 % 41 % 33.3 %
29 % 30 % 14 % 35 % 29 % 18 % 0 %
91 % 81 % 86 % 63 % 94 % 94 % 100 %

10 5.6 8.2 4.1 12.2 7.4 9.4

Age, years, mean (range)
Female (%)
Disease duration, years, mean (range)

3 or more (%)

Glucocorticoid dose, mean (mg/day)
Glucocorticoid intake (%)

DMARD, disease modifying antirheumatic drug. One patient was lost to follow-up (moved to another district ).

1 (%)
2 (%)

Discontinued

Number of concomitant DMARDs
0 (%)

After 12 months of infliximab treatment

 

Table 16. Characteristics of the infliximab-treated patients at the beginning and 
after 24 months of the treatment. 

At the beginning 
Started Continuing

All
(n = 104)

 All
(n = 41 )

All
 (n = 62)

Remission
(n = 7)

Inadequate
response
(n = 23)

Adverse
event

(n = 25)

Other
reason
(n = 7)

45 (18-75) 44 (22-74) 48 (22-76) 44 (22-59) 43 (29-62) 51 (23-75) 55 (24-71)
62 % 49 % 71 % 86 % 57 % 76 % 86 %

12 (0.8-52) 15 (3-31) 13 (1-53) 12 (1-26) 10 (2-23) 15 (2-53) 15 (3-29)

5 % 7 % 13 % 0 % 4 % 20 % 28 %
37 % 37 % 35 % 57 % 35 % 32 % 29 %
29 % 19 % 31 % 29 % 26 % 36 % 29 %
29 % 37 % 21 % 14 % 35 % 12 % 14 %
91 % 78 % 84 % 71 % 91 % 88 % 100 %

10 4.8 7.8 3.9 10.4 9.1 9.5
DMARD, disease modifying antirheumatic drug. One patient was lost to follow-up (moved to another district ).
Reprinted with permission from: Levälampi et el. 2009, Rheum Int, in press. © Springer-Verlag Berlin, modified.

Disease duration, years, mean (range)
Female (%)

3 or more (%)
2 (%)
1 (%)

Number of concomitant DMARDs

Glucocorticoid intake (%)
Glucocorticoid dose, mean (mg/day)

After 24 months of infliximab treatment
Discontinued

Age, years, mean (range)

0 (%)
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The patients (n=104) were included in another analysis after 24 months’ 

treatment. At that time point, 40% of the patients (41 / 104 patients) had 

sustained at least a 50% treatment response and were continuing infliximab 

treatment (Table 16). In 60% of the patients (62 / 104 patients), lack of efficacy, 

an adverse event or some other reason had led to discontinuation of the 

infliximab treatment during the 24 months of follow-up. Thirty-seven per cent of 

the RA patients (23 / 62 patients) and 44% of the SpA patients (18 / 42 patients) 

were still continuing infliximab after 24 months of treatment. 

The use of glucocorticoids was most prevalent at the beginning of infliximab 

treatment. The number of patients on glucocorticoid treatment declined during 

six months and also during 24 months of infliximab treatment, from 91% to 82% 

(6 months) and further to 78% (24 months). In addition, the mean equivalent 

dose of prednisolone had been reduced from 10 mg to 5.7 mg (6 months), to 5.6 

mg (12 months) and to 4.8 mg/day (24 months). When examined at six months 

and 12 months, the number of patients without concomitant DMARD’s had 

decreased (from 5 to 3 and 0%, respectively) but at 24 months the percentage 

had increased back to seven. The same phenomenon was seen in the number of 

patients having three or more DMARDs. At 24 months, the number of patients 

with three or more DMARDs had increased (from 29% to 37%) being previously 

(at six months and 12 months) approximately at the initial level (Tables 14-16). 

Etanercept (Table 17) and adalimumab (Table 18) treatments were sustained 

in 74% (39 / 53 patients) and 60% of the patients (26 / 43 patients) at the 12 

months’ follow-up, respectively. Twenty-six per cent of etanercept-treated 

patients (14 / 53 patients) and 40% (17 / 43 patients) of those treated with 

adalimumab did not achieve a 50% improvement and discontinued the treatment 

at some point during the 12 months of follow-up. The most common reasons for 

discontinuation were inadequate responses and adverse events. The comparable 

data of 12 months’ in infliximab treatment is given in Table 19. 
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Table 17. Characteristics of etanercept-treated patients at the beginning and after 
12 months of the treatment. 

After 12 months of etanercept treatmentAt the beginning 

DMARD, disease modifying antirheumatic drug.
Reprinted with permission from: Levälampi et el. 2008, Rheumatol Int 28:261-9. © Springer-Verlag Berlin Heidelberg,
modified

Glucocorticoid dose,
mean (mg/day) 6.8 2.9 5.4

Glucocorticoid intake (%) 81 % 52 % 83 %
3 or more (%) 36 % 8 % 17 %

2 (%) 36 % 20 % 50 %
1 (%) 22 % 47 % 17 %

Number of concomitant DMARDs
0 (%) 6 % 25 % 17 %

Disease duration, years, mean (range) 10 (1-36) 13 (3-37) 7 (1-22)
Female (%) 58 % 53 % 67 %
Age, years, mean (range) 44 (18-75) 44 (19-76) 44 (26-61)

(n = 53) Continuing (n = 39) Discontinued (n = 14)

 

Table 18. Characteristics of adalimumab-treated patients at the beginning and after 
12 months of the treatment. 

DMARD, disease modifying antirheumatic drug.
Reprinted with permission from: Levälampi et el. 2008, Rheumatol Int 28:261-269. © Springer-Verlag Berlin 
Heidelberg, modified.

Glucocorticoid dose,
mean (mg/day) 7.4 3.6 8.1

Glucocorticoid intake (%) 93 % 73 % 100 %
3 or more (%) 35 % 4 % 29 %

2 (%) 26 % 31 % 12 %
1 (%) 32 % 58 % 41 %

Number of concomitant DMARDs
0 (%) 7 % 8 % 18 %

73 % 76 %
Disease duration, years, mean (range) 16 (1-45) 16 (2-34) 17 (1-45)

(n = 43) Continuing (n = 26) Discontinued (n = 17)
At the beginning After 12 months of adalimumab treatment

Age, years, mean (range) 52 (17-74) 50 (24-70) 56(17-74)
Female (%) 72 %

 

Table 19. Characteristics of infliximab-treated patients at the beginning and after 
12 months of treatment. 

DMARD, disease modifying antirheumatic drug

Glucocorticoid dose,
mean (mg/day) 10 5.6 8.2

After 12 months of infliximab treatment
Started (n = 104) Continuing (n = 54)
At the beginning 

Discontinued (n = 50)
Age, years, mean (range) 45 (18-75) 44 (18-76) 48 (19-76)
Female (%) 62 % 49 % 76 %

0 % 14 %

Disease duration, years, mean (range) 12 (0.8-52) 13 (1-30) 12 (1-53)

28 % 38 %
1 (%) 37 % 42 % 34 %

81 % 86 %
3 or more (%) 29 % 30 % 14 %

Glucocorticoid intake (%) 91 %

2 (%) 29 %

Number of concomitant DMARDs
0 (%) 5 %
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In those patients continuing the etanercept or adalimumab treatment at 12 

months, the proportion of the patients on oral glucocorticoids diminished from 

81% to 52% in the etanercept group (Table 17) and from 93% to 73% in the 

adalimumab group (Table 18). The mean glucocorticoid dose declined by 52% 

among continuers in the etanercept group. In addition, the number of 

concomitant DMARDs was reduced in conjunction with successful etanercept 

treatment (Table 17). During 12 months of adalimumab treatment the proportion 

of the patients with concomitant DMARD treatment decreased as well (Table 

18).  

3 Reasons for discontinuation of the anti-TNFα 
treatment in patients with rheumatoid arthritis or 
spondyloarthropathy (II, III and IV) 

At the six months’ time point, 30 patients (29%) had discontinued infliximab 

treatment; twenty-three per cent of them (7 / 30 patients) due to remission and 

27% (8 / 30 patients) due to lack of efficacy. Due to adverse events infliximab 

treatment had been discontinued in 43% of the patients (13 / 30 patients). One 

female patient discontinued due to intention to conceive and one patient died due 

to cerebral infarction during the follow-up. The results are summarized in Table 

20. Forty-six per cent of the adverse events that were responsible for 

discontinuation of the treatment were infections (6 / 13 patients) and 38% (5 / 13 

patients) were hypersensitivity reactions. One patient discontinued the infliximab 

treatment because of drug related leukopenia and one patient because of elevated 

serum aminotransferase activities (Table 23). 
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Table 20. Reasons to discontinue infliximab treatment. 

Reason Number % Number % Number %
Remission 7 23 8 22 7 11
Lack of efficacy 8 27 17 36 23 37
Adverse event 13 43 17 34 25 40
Other reason 2 7 6 8 7 11
Total 30 100 48 100 62 100

Six months'
follow-up

24 months'
follow-up

12 months'
follow-up

 

By the 12 months’ follow-up, a total of 46% of the patients (48 / 104 

patients) had discontinued infliximab treatment with the reasons shown in Table 

20. Eight patients achieved remission, 17 had an inadequate response, 17 patients 

experienced an adverse event and 6 patients had other reason. 

During 24 months of follow-up, 60% of the patients (62/104 patients) had 

discontinued infliximab treatment with the main reasons being adverse event (25 

cases) (Figure 7) and lack of efficacy (23 cases), 7 patients were in remission, 

and 7 patients had other reason. One patient moved to another district and was 

lost to follow-up (Table 20). 

Fourteen (26%) etanercept-treated patients discontinued the treatment during 

12 months (Table 21), in 50% this was due to an inadequate response. Six 

patients discontinued the treatment because of a severe adverse event. 

Cumulative occurrence of adverse events over time is shown in Figure 7. One 

patient discontinued due to intention to conceive. 

Table 21. Reasons to discontinue etanercept treatment during the 12 months of 
follow-up 

Number %
7 50
6 43
1 7

Total 14 100

Reason
Lack of efficacy
Adverse event
Other reason

Reprinted with permission from: Levälampi et al. 2008, Rheumatol Int 28:261-9. © 
Springer-Verlag Berlin  

Adalimumab treatment was discontinued in 17 (40%) patients during the 12 

months’ follow-up (Table 22). Four (23%) patients did not achieve a 50% 

improvement and thus treatment was discontinued due to poor response. In 11 
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(65%) patients adverse events were responsible for discontinuation of the 

treatment, the time when the adverse event occurred is seen in Figure 7. One 

patient discontinued of his own will and one patient due to changes in chest 

radiology, not related to adalimumab treatment. 

 

Table 22. Reasons to discontinue adalimumab treatment during the 12 months of 
follow-up. 

Number %
4 23

11 65
2 12

Total 17 100
Reprinted with permission from: Levälampi et al. 2008, Rheumatol Int 28:261-9. © 
Springer-Verlag Berlin  

Other reason

Reason
Lack of efficacy
Adverse event
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4 Adverse events which caused discontinuation of the 
anti-TNFα treatment in patients with rheumatoid arthritis 
or spondyloarthropathy (II, III and IV) 

4.1 Infections 

During six months of follow-up six out of 104 patients treated with 

infliximab discontinued the treatment because they suffered a severe infection 

(II). Three of the infections were pneumonias of bacterial etiology and two of 

those pneumonias had typical clinical signs and symptoms and radiological 

findings. The third patient was diagnosed as having pulmonary tuberculosis. The 

three other infections were septic arthritis of ankle, gluteal abscess and 

generalized infection (Table 23). One of the patients restarted infliximab 

treatment later. 

During the 24 months’ follow-up, nine (ten) infliximab-treated patients were 

diagnosed to have an infection that compelled the discontinuation of infliximab 

treatment (IV). Four of the infections appeared after the first six months. Two 

out of those four infections were pneumonias, one patient had a recurrent urinary 

tract infections and one patient was diagnosed to have a septic arthritis (Table 

24). 
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Table 23. Adverse events which caused to discontinuation of infliximab treatment 
during six months’ treatment. 

Classification Nr Diagnosis Age Sex

Disease 
duration 
(years) DMARD's

Time of
adverse 
event Adverse event

Infection 1 Seropositive 
rheumatoid 
arthritis

49 F 6 MTX 10 mg/wk
CyA 200 mg/day
SSZ 2000 mg/day

After
3rd 

infusion

Pulmonary tuberculosis with 
mediastinum lymph nodes, 
diagnosed by biopsy.

2 Seronegative
rheumatoid 
arthritis

51 F 7 PRED 10 mg/day
MTX 25 mg/wk

After
4th 

infusion

Infection (CRP 145 mg/ml),
with unknown focus.

3 Ankylosing
spondylitis

53 M 6 PRED 10 mg/day
MTX 25 mg/wk
CyA 200 mg/day

After
4th 

infusion

Gluteal abscess.

4 Seropositive 
rheumatoid 
arthritis

58 F 26 PRED 15 mg/day
ATM 50 mg/6wk
HCQ 300mg/day

After
2nd 

infusion

Septic arthritis of right ancle 
joint.

5 Ankylosing
spondylitis

50 M 12 SSZ 2000 mg/day After
4th 

infusion

Pneumopericarditis.

6 Seropositive 
rheumatoid 
arthritis

71 F 12 PRED 10 mg/day
AF 9 mg / day

After
2nd 

infusion

Pneumonia.

Hypersensitivity
reaction

1 Seronegative
rheumatoid 
arthritis

28 F 15 During 
4th 

infusion

Infusion reaction (rash), 
DMARDs stopped previously 
because of mild pharyngitis.

2 Juvenile 
idiopathic
arthritis

31 F 30 PRED5 mg/day
CyA 100 mg/day
SSZ 2000 mg/day
AF 3 mg/day

During 
4th 

infusion

Infusion reaction
(dyspnea, rash and itching).

3 Seronegative
rheumatoid 
arthritis

40 M 2 PRED 5 mg/day
MTX 10 mg/wk
SSZ 2000 mg/day

During 
4th 

infusion

Infusion reaction
(rash).

4 Psoriatic
arthropathy

73 F 15 PRED 10 mg/day After
4th 

infusion

Delayd infusion reaction (rash, 
dyspnea), developed two days 
after infusion.

5 Seropositive 
rheumatoid 
arthritis

75 F 53 PRED 5 mg/day
CyA 100 mg/day
SSZ 2000 mg/day

During 
5th 

infusio 

Infusion reaction
(hoarseness, dyspnoea, rash).

Other adverse 
event

1 Seronegative
rheumatoid 
arthritis

36 F 19 PRED 5 mg/day
CyA 100 mg/day
SSZ 2000 mg/day

After
4th 

infusion

Elevation of ALT (alanine 
aminotransferase) 125-142 IU/l.

2 Enteropathic 
arthropathy

58 F 22 PRED 5 mg/day
SSZ 1000 mg/day

After
4th 

infusion

Cytopenia/neutropenia
(1.4 x 109/l).

DMARD, disease modifying antirheumatic drug; AF, auranofin; ATM, aurothiomalate; CyA, cyclosporine A;
HCQ, hydroxychloroquine; MTX, methotrexate; PRED, prednisolone; SSZ, sulfasalazine.Reprinted with permission from: Levälampi et 
al.2007, Scand J Rheumatol 37:6-12, modified.  
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Table 24. Adverse events which caused discontinuation of infliximab treatment 
during 24 months’ follow-up. 

Classification Nr Diagnosis
Age

(years) Sex

Disease 
duration 
(years) DMARDs

Time of
adverse 
event

(months) Adverse event
Hypersensitivity
reaction

1 Seropositive 
rheumatoid 
arthritis

23 F 2 PRED 5 mg/day 22 Infusion reaction
(pain and swelling of throat)

2 Seronegative
rheumatoid 
arthritis

28 F 15 6 Infusion reaction (rash), 
DMARDs stopped previously 
because of mild pharyngitis

3 Juvenile
idiopathic 
arthritis

31 F 30 PRED 5 mg/day
CyA 100 mg/day
SSZ 2000 mg/day
AF 3 mg/day

3 Infusion reaction
(dyspnoea, rash and itching)

4 Enteropathic 
arthropathy

31 M 6 PRED 7,5 mg/day
CyA 300 mg/day
SSZ 3000 mg/day

18 Infusion reaction (headache, 
dyspnea and rash)

5 Ankylosing
spondylitis

35 M 7 MTX 5 mg/wk 13 Infusion reaction (dyspnea, 
swelling of throat and erythema 
of face)

6 Seropositive 
rheumatoid 
arthritis

37 F 21 PRED 7,5 mg/day
MTX 22,5 mg/wk

23 Delayed infusion reaction 
(itching and rash), developed 
four days after infusion

7 Seronegative
rheumatoid 
arthritis

40 M 2 PRED 5 mg/day
MTX 10 mg/wk
SSZ 2000 mg/day

3 Infusion reaction
(rash in upper body)

8 Seronegative
rheumatoid 
arthritis

47 F 15 PRED 15 mg/day
MTX 20 mg/wk
SSZ 2000 mg/day

15 Infusion reaction
(rash and itching)

9 Seropositive 
rheumatoid 
arthritis

50 F 7 PRED 10 mg/day
AZA 50 mg/day

20 Delayed infusion reaction (rash, 
itching and edema of face), 
developed few days after 
infusion 

10 Seropositive 
rheumatoid 
arthritis

52 F 6 PRED 5 mg/day
CyA 150 mg/day
SSZ 3000 mg/day
HCQ 214 mg/day

5 Infusion reaction (dyspnea, rash 
and cough)

11 Seropositive 
rheumatoid 
arthritis

54 F 11 PRED 10 mg/day
MTX 20 mg/wk

1.5 Infusion reaction (malaise, chills 
and rash)

12 Seropositive 
rheumatoid 
arthritis

73 F 25 MTX 5 mg/wk 15.5 Infusion reaction (rash and 
itching in the hand)

13 Psoriatic
arthropathy

73 F 15 PRED 10 mg/day 5.5 Delayed infusion reaction
(rash, dyspnoea), developed two 
days after infusion 

14 Seropositive 
rheumatoid 
arthritis

75 F 53 PRED 5 mg/day
CyA 100 mg/day
SSZ 2000 mg/day

6 Infusion reaction
(hoarseness, dyspnoea, rash)
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Table 24 continues  

Classification Nr Diagnosis
Age

(years) Sex

Disease 
duration 
(years) DMARDs

Time of
adverse 
event

(months) Adverse event
Infection 1 Seronegative

oligoarthritis
43 F 19 PRED 5 mg/day

MTX 25 mg/wk
HCQ 257 mg/day

11 Septic arthritis
of right knee joint

2 Seropositive
rheumatoid 
arthritis

49 F 6 MTX 10 mg/wk
CyA 200 mg/day
SSZ 2000 mg/day

1.5 Pulmonary tuberculosis with 
mediastinum lymph nodes, 
diagnosed by biopsy 

3 Seronegative
rheumatoid 
arthritis

51 F 7 PRED 10 mg/day
MTX 25 mg/wk

5 Infection (CRP 145 mg/ml)
with unknown focus

4 Ankylosing
spondylitis

54 M 7 PRED 15 mg/day
MTX 25 mg/wk
SSZ 2000 mg/day

11 Pneumonia

5 Ankylosing
spondylitis

57 M 15 PRED 7,5 mg/day
SSZ 2000 mg/day
HCQ 300mg/day

22 Pneumonia

6 Seropositive 
rheumatoid 
arthritis

58 F 26 PRED 15 mg/day
ATM 50 mg/6wk
HCQ 300mg/day

3 Septic arthritis
of right ankle joint

7 Ankylosing
spondylitis

50 M 12 SSZ 2000 mg/day 3 Pneumopericarditis

8 Seropositive 
rheumatoid 
arthritis

71 F 12 PRED 10 mg/day
AF 9 mg / day

2 Pneumonia

9 Seropositive 
rheumatoid 
arthritis

75 F 16 PRED 5 mg/day
LEF 20 mg/every 
other day

9 Recurrent urinary tract infections

Other reason 1 Seropositive 
rheumatoid 
arthritis

44 F 15 PRED 10 mg/day
CyA 150 mg/day
HCQ 214 mg/day

24 Recurrent
cytopenia / neutropenia
(0.85-l.1 x 109/l)

2 Enteropathic 
arthropathy

58 F 22 PRED 5 mg/day
SSZ 1000 mg/day

5 Cytopenia / neutropenia
(1.4 x 109/l)

DMARD, disease modifying antirheumatic drug; AF, auranofin; ATM, aurothiomalate; AZA, azathioprine;
CyA, cyclosporine A; HCQ, hydroxychloroquine; MTX, methotrexate; PRED, prednisolone; SSZ, sulphasalazine.
Reprinted with permission from: Levälampi et el. 2009, Rheum Int, in press.© Springer-Verlag Berlin  Heidelberg, modified.  
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During 12 months of etanercept treatment, one patient suffered a severe 

herpes infection which caused discontinuation of the treatment (Table 25). 

 

Table 25. Adverse events which caused discontinuation of etanercept treatment 
during 12 months’ treatment. 

Classification Nr Diagnosis
Age

(years) Sex

Disease
duration
(years) DMARDs

Time of
adverse 
event

(months) Adverse event
Infection 1 Juvenile

idiopathic 
arthritis

26 M 19 PRED 5 mg/day
MTX 20 mg/week
HCQ 300 mg/day

5 Recurrent generalized herpes

Injection 
reaction

1 Seropositive 
rheumatoid 
arthritis

34 F 3 PRED 7,5 mg/day 1 Redness, itching and irritation 
of the injection site

2 Seronegative
oligoarthritis

43 F 7 PRED 5 mg/day
MTX 25 mg/week
SSZ 2000 mg/day

1.5 Tingle and numbness of lower
limbs, congestion of throat 
and headache

3 Seronegative
rheumatoid 
arthritis

43 F 14 PRED 20 mg/day/
LEF 150 mg/day
HCQ 300 mg/day

6 Vesicles in mouth and genitals
and itchiness of skin

Other adverse 
event

1 Seropositive 
rheumatoid 
arthritis

61 F 4 PRED 2.5mg/day
MTX 25 mg/week
SSZ 2000 mg/day
HCQ 300 mg/day

9 Mucous adenocarcinoma of 
ovary with abdominal 
metastasis

2 Sacroiliitis 37 F 1 MTX 20 mg/week
SSZ 2000 mg/day

6 Leukopenia: leukocytes 3.1 x 
109/l and polymorphonuclear
leukocytes 1.16 x 109/l

DMARD, disease modifying antirheumatic drug; HCQ, hydroxychloroquine; LEF, leflunomide; MTX, methotrexate; PRED, prednisolone; 
SSZ, sulfasalazine. Reprinted with permission from: Levälampi et el. 2008, Rheumatol Int 28:261-269. © Springer-Verlag Berlin Heidelberg, 
modified.
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From all 11 adverse events that caused discontinuation of adalimumab 

treatment during the first 12 months of follow-up, six were infections (Table 26). 

Three of the six infections were recurrent (urinary tract, maxillary sinusitis and 

dermatitis) and two patients suffered persistent infections, one patient had an 

infectious ulcer in the toe and one patient Herpes Zoster infection. One patient 

developed tinea of the palms. 

 

Table 26. Adverse events which caused discontinuation of adalimumab treatment 
during 12 months’ treatment. 

Classification Nr Diagnosis
Age

(years) Sex

Disease 
duration 
(years) DMARDs

Time of
adverse 
event

(months) Adverse event
Infection 1 Seropositive 

rheumatoid 
arthritis

49 M 14 PRED 10 mg/day
MTX 25 mg/week

8 Recurrent infections (sinusitis)

2 Seronegative
rheumatoid 
arthritis

54 F 9 PRED 10 mg/day 11 Eczema of the hands with 
vesicles, diagnosed by 
dermatologist as tinea 

3 Seropositive 
rheumatoid 
arthritis

54 F 15 PRED 5 mg/day
MTX 25 mg/week
SSZ 2000 mg/day

6 Herpes Zoster infection in the left 
part of the upper body

4 Seropositive 
rheumatoid 
arthritis

59 F 29 PRED 5 mg/day 7 Recurrent infections (urinary 
tract infections)

5 Seropositive 
rheumatoid 
arthritis

61 F 5 PRED 5 mg/day
LEF 20 mg/day

6 Recurrent infections (dermatitis 
and urinary tract infection with 
fever)

6 Seropositive 
rheumatoid 
arthritis

64 M 11 PRED 5 mg/day
LEF 20 mg/day
SSZ 2000 mg/day
HCQ 300 mg/day

3 Infectious ulcer in the toe

Injection 
reaction

1 Seronegative
rheumatoid 
arthritis

53 F 7 PRED 15 mg/day
MTX 15 mg/week
SSZ 2000 mg/day
HCQ 300 mg/day

8 Local injection reaction

2 Seropositive 
rheumatoid 
arthritis

67 F 45 PRED 7,5 mg/day
HCQ 300 mg/day

2 Purple eczema of lower limbs

3 Seropositive 
rheumatoid 
arthritis

74 F 13 PRED 12,5 mg/day
LEF 20 mg/day

3 Malaise, tingling and numbness 
after 4th injection, after 5th 
injection  intense headache

Other adverse 
event

1 Seropositive 
rheumatoid 
arthritis

33 F 10 PRED 7,5 mg/day
MTX 25 mg/week
HCQ 257 mg/day

7 Suspicion of mild SLE: rash, 
elevated DNA-antibodies (ad 297 
titer) and decreased complement 
levels (C3 0,45 g/l & C4 0,04 g/l)

2 Seropositive 
rheumatoid 
arthritis

61 F 20 PRED 5 mg/day 9 Insomnia and intense sweating,
but also irregular injections

DMARD, disease modifying antirheumatic drug; HCQ, hydroxychloroquine; LEF, leflunomide; MTX, methotrexate; PRED, prednisolone; SSZ, 
sulfasalazine. Reprinted with permission from: Levälampi et el. 2008, Rheumatol Int 28:261-9. © Springer-Verlag Berlin Heidelberg, modified.
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4.2 Hypersensitivity reactions / Injection site reactions 

Five of the 13 adverse events that required discontinuation of infliximab 

treatment in the first six months were hypersensitivity reactions (Table 23) with 

rash with or without dyspnoea as the main symptoms. Fourteen of the 25 adverse 

events in the infliximab-treated patients who discontinued infliximab during 24 

months were hypersensitivity reactions (Table 24).  

Three injection site reactions occurred during the 12 months after the 

initiation of etanercept treatment. Two patients experienced local injection site 

reactions and one patient suffered systemic symptoms (congestion of throat, 

headache and tingling in the lower limbs) (Table 25). 

Three patients on adalimumab treatment developed injection site reactions 

which caused discontinuation of the treatment. One patient had a local injection 

site reaction, one patient developed a skin reaction in the legs diagnosed as 

purpura, and one patient suffered malaise and intense headache (Table 26). 

4.3 Other adverse events which caused discontinuation of the 
treatment 

Two patients on infliximab treatment developed neutropenia after five and 24 

months’ treatment, respectively, which normalized after discontinuation of 

infliximab (Table 24). One patient had elevation of transaminases, but it relieved 

after discontinuation of infliximab. 

In the etanercept-treated group, one patient developed leukopenia after six 

months that disappeared after discontinuation of etanercept. Another patient had 

mucous adenocarcinoma of the ovary (Table 25). 

Adalimumab treatment was discontinued in two patients for some other 

reason than infection or injection site reaction. One patient experienced intense 

sweating and insomnia. One patient discontinued treatment due to a suspicion of 

SLE with rash after seven months of treatment, and she also displayed elevated 

serum DNA-antibodies and lowered levels of complement components C3 and 

C4 (Table 26). 
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Discussion 

1 General discussion 

TNFα antagonists have established their position in the treatment of RA, SpA 

and JIA next to the traditional DMARDs. Their therapeutic effects are based on 

their ability to neutralise excess TNFα by binding to TNFα either as an antibody 

or a receptor analogue. TNFα holds a central position in the cytokine cascade, 

regulating either directly or indirectly the expression of a number of 

inflammatory factors. Therefore the blockade of this single cytokine, TNFα, can 

result in a significant anti-inflammatory and antierosive effect in a considerable 

number of patients with severe arthritis (Feldmann and Maini 2001). 

The present study was an observational study on consecutive patients with 

refractory and active disease who were treated with TNFα antagonists on clinical 

grounds, and not a randomized clinical study in which patient selection had been 

planned beforehand. In addition, the conclusion on which of the TNFα 

antagonists would be used varied depending on the clinical decision of the 

rheumatologist, the availability of the medication and also on the economical 

situation of the patient. In Finland, medication for the patient is practically free if 

it is given in hospital, as infliximab infusions. On the other hand, etanercept and 

adalimumab treatments, which are dosed by the patients themselves, are not free 

but patients have to purchase them in pharmacies and pay a significant 

proportion of the costs of these expensive pharmaceuticals themselves. 

When examining the patient records, the diagnoses and other information 

were collected as registered by the treating rheumatologist. In the records of two 

patients with diagnosis of RA, we noticed that they had suffered their symptoms 

already in their youth, but they had not diagnosed as having JIA. When diseases 

symptoms begin before the age of 16, an exact diagnosis might be delayed 

because of unclear symptoms and instead of JIA the patient would be diagnosed 
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as suffering from RA. This phenomenon is well-known and was present also in 

the present study concerning at least two patients. 

ACR criteria and BASDAI and BASFI indexes are widely used as indicators 

for evaluating the clinical response in randomized clinical trials in RA and AS 

patients. They would also be useful tools for rheumatologists in their daily work 

as ways of evaluating a patient’s clinical condition, if these parameters were 

measured and calculated in each visit. In the present study, the main focus was 

on studying drug survival and indicators of clinical response were not measured 

exactly, but according to the national guidelines, anti-TNFα therapy is continued 

only in those patients who achieve at least ACR50 response or a reduction in 

BASDAI of more than 50% or 2 cm. 

Because of the nature of the present study with its heterogenous patient 

population, three different anti-TNFα antagonist molecules, different treatment 

periods, and lack of consistent inclusion / exclusion criteria it is not possible to 

make a direct comparison of the efficacy and safety of the three anti-TNFα 

antagonists. On the other hand, analysis of the patient records offers data of the 

outcomes of anti-TNFα treatment in everyday practice. 

2 Inflammatory mediators during infliximab 
treatment in patients with juvenile idiopathic arthritis 

The levels of pro-inflammatory cytokines are higher in the active phase 

compared to the inactive phase of inflammation, and this has also been observed 

in JIA patients (Rooney et al. 1995, Mangge and Schauenstein 1998, Yilmaz et 

al. 2001, Ou et al. 2002). In the present study, we measured the levels of 

circulating cytokines and soluble adhesion molecules in patients with active JIA 

who were refractory to standard treatments, but responded favourably to 

infliximab. 

IL-6 is a proinflammatory cytokine which has an important role in joint 

inflammation (Wong et al. 2003). In the present study, infliximab treatment 

reduced the circulating IL-6 levels by about 50% when measured after six weeks 

of treatment, and the effect was maintained up to the end of the 24 weeks’ 
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follow-up. Infliximab treatment has previously been shown to reduce circulating 

IL-6 levels in patients with RA (Charles et al. 1999, Ohshima et al. 1999, 

Marotte et al. 2005). 

MPO is released by activated neutrophils in chronic inflammation and it acts 

as a cytotoxic effector molecule, and as an immunoregulatory molecule that 

induces the production of numerous proinflammatory cytokines in macrophages 

(Lefkowitz and Lefkowitz 2001). MPO levels in serum samples have been 

reported to be elevated in patients with RA (Torsteinsdottir et al. 1999). In the 

present study, serum MPO levels in JIA patients were reduced by about 35% 

during the six weeks of treatment with infliximab, and remained at that lower 

level in conjunction with the good clinical response over the 24 weeks’ 

treatment. Fejoo et al. reported recently that infliximab reduces concentrations of 

MPO in inflammatory joint disease (Fejoo 2009). The results emphasize the 

significance of neutrophils in JIA (Tak et al. 1996) and are in line with the 

results of Foell et al. (Foell et al. 2004) showing that another indicator of 

neutrophil activation (S100A12) correlates with disease activity in JIA. 

We measured also circulating concentrations of TNFα during infliximab 

treatment. Interestingly, the TNFα levels increased in most of the patients when 

measured after six months of treatment. Charles et al. found that a single infusion 

of infliximab elevated the circulating concentrations of immunoreactive but 

biologically inactive TNFα, and the concentrations declined slowly during the 30 

days’ follow-up (Charles et al. 1999). In addition, multiple infusions of 

infliximab have been found to increase TNFα levels in patients with RA (Kopp 

et al. 2005, Macias et al. 2005) and the data of Kopp et al. support the concept 

that TNFα is unbound and biologically active (Kopp et al. 2005). In the present 

study, we were not able to measure whether the immunoreactive TNFα was 

biologically active or inactive (e.g. due to it had bound to infliximab). It could be 

hypothesized that when TNFα is neutralized by being bound to chimeric 

anti-TNFα antibody infliximab, that may result in a lack of negative feedback on 

the secretion of TNFα, and in fact lead to elevated TNFα production. If treatment 

with infliximab is then withdrawn for some reason, this increased TNFα 

production could cause a reactivation of the disease. Interestingly, high serum 

TNFα levels have also been reported to be associated with a lack of response to 
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infliximab in Crohn’s disease (Martinez-Borra et al. 2002). In RA, patients with 

high levels of TNFα in the synovial fluid before the infusion of infliximab were 

found to display the most positive response to anti-TNFα therapy (Ulfgren et al. 

2000). On the other hand, Edrees et al. reported that RA patients with low 

concentrations of serum TNFα before the infliximab infusion responded well to 

treatment (Edrees et al. 2005). The role of TNFα levels as a determinant to 

predict the clinical response or the development of tolerance to TNF antagonists 

remains to be studied. 

Soluble TNFα receptors function as endogenous TNFα antagonists. There are 

two types of TNFα receptors which are cleaved from cell surface receptors by 

proteolytic enzymes and circulate as soluble forms i.e. sTNFR1 and sTNFR2 

(Feldmann et al. 1996, Campbell et al. 2003). The levels of sTNFR1 decreased in 

the present study, a similar tendency was seen in the levels of sTNFR2. This 

effect may be linked to the reduced levels of biologically active TNFα 

encountered following dosing with infliximab. A reduction in soluble TNFα 

receptor levels during infliximab treatment has also been observed in patients 

with RA (Charles et al. 1999, Ohshima et al. 1999). 

Adhesion molecules E-selectin and ICAM-1 are present on the surface of 

activated vascular endothelium and mediate leukocyte infiltration into the 

inflammatory focus, and the expression of these molecules is increased by TNFα 

(Mojcik and Shevach 1997, Pober 2002). Elevated concentrations of soluble 

forms of E-selectin and ICAM-1 (i.e. sE-selectin and sICAM-1) have been 

detected in the active phase of the disease in patients with JIA (De Benedetti et 

al. 2000, Chen et al. 2002, Bloom et al. 2005), whereas decreased concentrations 

of soluble sE-selectin and sICAM-1 have been found in patients with RA after 

anti-TNFα therapy (Tak et al. 1996, Klimiuk et al. 2004). We observed a slight 

but statistically significant reduction in serum concentrations of soluble 

E-selectin and sICAM-1 in JIA patients already after six weeks of treatment with 

infliximab indicative of a rapid effect that may partly explain the reduced 

leukocyte infiltration and alleviation of joint inflammation seen following 

infliximab treatment. 

The limited number of patients, the aggressive nature of the disease 

(resistance to DMARD treatment), and the fact that the blood samples for 

 87



cytokine measurements were taken just prior to the scheduled infliximab 

infusion (i.e. at the time point where the drug effect was likely to be at its lowest) 

may have underestimated the effects of infliximab treatment on some of the 

measured inflammatory factors. 

3 Drug survival with anti-TNFα treatment in patients 
with rheumatoid arthritis or spondyloarthropathy 

All 200 patients included in the present study were treated in the Tampere 

University Hospital that provides specialist care for a population of 530.000 in 

Pirkanmaa Health Care District, including the city of Tampere. In this area, the 

treatment of RA and SpA with biologicals is confined to one rheumatological 

centre, i.e. the Center for Rheumatic Diseases, Tampere University Hospital. All 

patients were initiated with infliximab, or etanercept or adalimumab as their first 

biological drug treatment.  

At the six months’ follow-up in patients on infliximab, 74 patients (71%) had 

achieved at least 50% treatment response and were continuing with the 

treatment. After the 12 and 24 months’ follow-up, 55 (53%) and 41 (40%) 

patients were continuing with therapy, respectively. Maini et al. reported in their 

clinical study continuation rates of 82-91% with ACR20 criteria after 7.5 

months’ treatment depending on the dose and infusion intervals (Maini et al. 

1999), and Lipsky et al. reported 73-86% drug survival rates after 13.5 months’ 

treatment with the ACR20 response criteria (Lipsky et al. 2000). In observational 

studies, continuation rates have been reported to be somewhat lower than in 

randomized clinical trials, e.g. 82% after 6 months of infliximab treatment 

(Wendling et al. 2005), and after 12 months’ treatment it was 66% (Flendrie et 

al. 2003) and 85% (Voulgari et al. 2005). At the 24 months’ follow-up in the 

study of Buch et al., only 14% continued infliximab treatment at the 24 months’ 

time-point (Buch et al. 2007). Others have reported 67% (Wendling et al. 2005) 

and 73% (Voulgari et al. 2005) drug survival rates after 24 months’ intervention. 

In the present study, 74% and 60% of the etanercept and adalimumab-treated 

patients, respectively, continued the medication after 12 months of treatment 
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when ACR50 response was set as the criterion of efficacy. In clinical studies 

with etanercept, after six months’ treatment, 40% of the patients had achieved 

ACR50 response when etanercept was used as monotherapy (Moreland et al. 

1999) and thus rate was elevated to 69% when patients were treated with a 

combination of etanercept and methotrexate for 13 months (Klareskog et al. 

2004). In clinical trials, 22% of the patients on adalimumab as monotherapy with 

a dose of 40 mg every other week for 26 weeks achieved ACR50 response (van 

de Putte et al. 2004). In another study, ACR50 response rate was 55% in patients 

treated for six months with a combination of adalimumab and methotrexate 

(Weinblatt et al. 2003). The continuation rate in observational studies with 

etanercept has ranged from 69% to 87% and that of adalimumab from 60% to 

83% after 12 months’ follow-up (Flendrie et al. 2003, Zink et al. 2005, Brocq et 

al. 2007). The number of patients continuing with the treatment at the end of the 

follow-up time in different surveys had varied greatly and is influenced by many 

factors. The study design, i.e. follow-up time, drug treatment in conjunction with 

anti-TNFα therapy and continuation/discontinuation criteria, as well the 

spectrum of patients, all these issues have an effect on outcome. 

In infliximab-treated SpA patients, the continuation rate was 44% as 

compared to 37% in RA patients. The result is in line with a previous Spanish 

study, where SpA patients had a 33% lower probability to discontinue with the 

biologicals than RA patients (Carmona et al. 2006) and also Heiberg et al. 

reported better drug survival among patients with AS or PsA than is the case 

with RA patients (Heiberg et al. 2008). 

In the present study, we were able to retrieve patient records during the 

follow-ups from practically all patients who had started the treatment with 

infliximab, etanercept or adalimumab. In fact, only one patient moved to another 

health care district and was lost to follow-up. A significant loss of patients 

during follow-up is quite a common phenomenon in many trials, especially in 

observational studies (Feltelius et al. 2005, Brocq et al. 2007, Mancarella et al. 

2007). Compliance with the treatment is enhanced when biological treatment is 

combined with DMARDs, especially with methotrexate (Kristensen et al. 2006) 

and this may have influenced the very good adherence to the treatment also in 

the present study. 
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In the present study, drug survival of all the three anti-TNFα agents was good 

although the criteria for treatment continuation was rather strict i.e. ACR50 or a 

better response. In addition, all patients had refractory disease despite treatment 

with one or more DMARDs which is the standard treatment in Finland. In 

addition, good and active treatment of the disease (including glucocorticoid 

injections into the joints) in a single rheumatological centre where patients were 

carefully followed is a motivating factor for better drug adherence. 

4 Reasons for discontinuation of the anti-TNFα 
treatment in patients with rheumatoid arthritis or 
spondyloarthropathy 

In infliximab-treated patients, the discontinuation rates after six, 12 and 24 

months were 29%, 46% and 60%, respectively. The main reasons for 

discontinuation were adverse events and lack of efficacy. According to the 

patients’ records, 6 out of 23 patients discontinued the treatment due to an 

inadequate response during the first seven months, i.e. 17 out of 23 patients 

experienced an adequate response at the beginning but discontinued the 

treatment later because of waning efficacy. The same phenomenon has been 

noticed with many drugs after long term administration, either because of 

increased metabolism causing decreased concentration of the drug or because of 

adaptive changes within the affected system (Buxton 2006). Several patients 

receiving infliximab were unable to maintain an already achieved response at the 

later time points (Buch et al. 2007) and this was most common during the first 

year. In observational studies, the discontinuation rate due to inefficacy has 

varied between 9-11% (Flendrie et al. 2003, Voulgari et al. 2005, Figueiredo et 

al. 2008) and in clinical studies, it is around 10 % (Maini et al. 1999, Lipsky et 

al. 2000). Some clinical trials have described about the formation of antibodies 

against infliximab (Maini et al. 1999, St Clair et al. 2004) and anti-infliximab 

antibodies are more often found in those patients exhibiting a reduced response 

(Wolbink et al. 2006). In addition, there is also evidence for an association 

between antibody formation and increased infliximab clearance (Xu et al. 2008). 

In the present study, antibodies against infliximab were not measured. It is 
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possible that the waning efficacy was due to decreased concentrations of active 

infliximab resulting from the formation of infliximab-antibody-complex 

(Wolbink et al. 2006) or due individually altered metabolism of infliximab in 

patients (St Clair et al. 2002). 

In the etanercept group, seven patients (13%) discontinued the medication 

due to lack of efficacy during the first 12 months of treatment. Four patients 

(9%) treated with adalimumab discontinued the medication because of the same 

reason. In previous studies, 10% (Hyrich et al. 2007) and 15% (Feltelius et al. 

2005) of the patients have discontinued etanercept due to inefficacy. 

Observational studies with adalimumab have reported discontinuation rates of 

11% (Flendrie et al. 2003) and 12% (Hyrich et al. 2007) due to inefficacy. The 

clinical studies with etanercept and adalimumab monotherapy have reported 15% 

(Moreland et al. 1999) and 18% (van de Putte et al. 2004) discontinuation rates 

due to inefficacy during six months’ follow-up. Thus, in the present study, the 

discontinuation rate due to inefficacy is comparable to these previously reported 

studies although it is worth noting that in these reports the continuation criteria 

have mostly been set as the ACR20 response, and not the ACR50 value as in the 

present study which is also the clinical practice in Finland. 

5 Adverse events caused discontinuation of 
anti-TNFα treatment in patients with rheumatoid arthritis 
or spondyloarthropathy 

Adverse events, most often infections and hypersensitivity reactions that 

required treatment discontinuation, appeared in all treatment groups. In the 

infliximab-treated patients, six and nine infections were responsible for 

discontinuation during six and 24 months’ follow-up, respectively. This data is in 

agreement with the results of Curtis et al. who reported a 4-fold greater risk of 

infections during the first 6 months of infliximab treatment (Curtis et al. 2007). 

In RA, there is a heightened risk for infections (Mutru et al. 1985, Doran et al. 

2002b, Doran et al. 2002c) and the use of conventional DMARDs further 

increases that risk (Capell 2001, Bernatsky et al. 2007), though contradictory 

findings have been reported (Lacaille et al. 2008). The use of TNFα antagonists 
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also amplifies the risk for infections (Listing et al. 2005). Severe lung, skin, soft 

tissue, joint and bone infections are the most commonly reported infections 

during infliximab, etanercept and adalimumab treatments and serious generalized 

infections have been reported as being slightly more probable in RA patients 

treated with biological agents than in those treated with conventional DMARDs 

(Listing et al. 2005, Dixon et al. 2006, Salliot et al. 2006). In randomized clinical 

trials, 16-20% rates of severe adverse events have been depicted depending on 

the dose and infusion frequency of infliximab and the concomitant DMARDs 

(Maini et al. 1999, Lipsky et al. 2000). 

In the etanercept-treated patients, there was only one case of infection 

requiring discontinuation of the treatment. There are reports about somewhat 

different effects for the three TNFα antagonists and this may have a possible 

effect on the infection risk (Scallon et al. 2002, Nestorov 2005, Furst et al. 2006), 

as was also observed in the present study. The most common adverse events 

reported among patients treated with adalimumab were infections. In all, six 

(14%) patients discontinued treatment due to infections. In the present study, a 

moderate number of infections appeared compared to the values reported in 

clinical trials with etanercept and adalimumab (Moreland et al. 1999, Weinblatt 

et al. 2003, Klareskog et al. 2004, van de Putte et al. 2004). 

During the follow-up, one case of tuberculosis occurred during infliximab 

treatment and it was successfully treated with antimicrobial drugs. Previously, an 

increased risk of reactivation of tuberculosis has been reported with infliximab 

treatment (Keane et al. 2001, Gomez-Reino et al. 2003) and in Finland there is 

routine screening for tuberculosis prior to the commencement of infliximab 

treatment as designated in the national guidelines. However, it must be stated 

that the incidence of new and relapsed cases of tuberculosis in Finland is very 

low, namely 6 cases/100,000 people in 2004 (World Health Organization 

2007b), whereas the frequency in other parts of Europe is much higher; 50 

cases/100,000 people (World Health Organization 2007a). 

Hypersensitivity reactions are quite common adverse events associated with 

infliximab treatment, but are rarely life threatening. In an observational study, 

2.7% of patients had to discontinue infliximab treatment due to a 

hypersensitivity reaction and the reactions occurred most commonly during the 
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third or fourth infusion (Wasserman et al. 2004), while in a clinical study, 

hypersensitivity reactions were most common during the first infusion (Maini et 

al. 1999). In our study, 5% (six months) and 13% (24 months) of the patients on 

infliximab discontinued infliximab treatment due to an infusion reaction. At the 

time when infliximab was introduced, knowledge of infusion reactions was 

limited and it is possible that some of the patients had their treatment 

discontinued on insufficient grounds. In the present survey, infusion reactions 

became more common with time while the incidence of infections remained the 

same or decreased. Part of the infusion reactions may be explained as a 

consequence of the formation of antibodies. A more common probabable reason 

for the infections occurring at the beginning of the treatment may be the fact that 

the patients’ immune system is rapidly undergoing adaptation to the altered 

cytokine balance during the start of treatment with infliximab. 

Injection site reactions are quite commonly associated also with etanercept 

and adalimumab treatments. In clinical studies with etanercept monotherapy, 

about 50% rates of injection site reactions have been reported (Moreland et al. 

1999, Klareskog et al. 2004) whereas values of 23% were reported when 

etanercept was used in combination therapy (Klareskog et al. 2004). 

Adalimumab-treated patients had a 10% injection site reaction rate in 

monotherapy (van de Putte et al. 2004) and 12% injection site reaction rate in 

combination therapy (Weinblatt et al. 2003). In the study of Hyrich et al., 22 

patients (0.33%) were forced to discontinue anti-TNFα therapy treatment due to 

an injection site reaction (Hyrich et al. 2007). In the present study, three out of 

the six adverse events which caused discontinuation were injection site reactions 

in patients with etanercept, and in adalimumab-treated patients, the 

corresponding figure was three out of 11 adverse events. These reactions 

occurred mainly during the first six months of treatment, except for one reaction 

which appeared after eight months of treatment. Thus, our observations are in 

line with previous studies and indicate that injection site reactions appear in part 

of the patients usually during the first months of treatment but they are not 

predictable. 

Three cases of neutropenia were reported. Two cases of neutropenia appeared 

in infliximab-treated patients, one of them was observed after five and the other 
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after 24 months of treatment. In addition, one etanercept-treated patient 

developed cytopenia during the 12 months’ follow-up period. In a study with 

6739 patients, 38 cases of cytopenias were reported (Hyrich et al. 2007) and in 

an analysis of 308 adverse events which occurred during TNFα antagonist 

treatment, there were four patients who developed leukopenias (Konttinen et al. 

2006). In addition, there are reports on single cases of leukopenias diagnosed 

during infliximab treatment (Vidal et al. 2003, Favalli et al. 2005, Wendling et 

al. 2005, Montane et al. 2007). The European Agency for the Evaluation of 

Medicinal Products (EMEA), the Committee for Proprietary Medicinal Products 

(CPMP) stated in October 2000 that etanercept may cause leukopenia and that 

this should be taken into account when treating patients, although leukopenia is 

reported rarely (EMEA 2000). 

Elevated DNA-antibodies, decreased complement levels and a rash were 

observed in one patient treated with adalimumab (i.e. SLE-type immunological 

alterations). There have been sporadic reports in the literature on patients with 

elevated DNA-antibodies without symptoms of SLE (Charles et al. 2000, 

Weinblatt et al. 2003). 

Elevated aminotransferase activities were observed in one patient in the 

infliximab group. In an analysis of 248 patients expressing adverse events during 

anti-TNFα therapy, 21 cases of elevated aminotransferases were reported 

(Konttinen et al. 2006). 

During the period covered in the present study (1999-2005), major changes 

in the treatment of RA and SpA with TNFα antagonists have taken place, and 

they probably have influenced the results of the study. Infliximab was the first 

biological agent marketed in Finland in 1999, and the first of this class of drugs 

to be used therapeutically in RA. Subsequently, etanercept and adalimumab were 

introduced. The first patients who received infliximab had very severe and 

refractory disease that might have influenced the continuation rate of 

infliximab-treated patients as compared to those treated with etanercept or 

adalimumab. In the 12 months’ drug survival, in infliximab- and 

adalimumab-treated patients, the reason for discontinuation was most often 

infection whereas with etanercept it was lack of efficacy. Nearly 10% of 

infliximab-treated patients discontinued treatment due to remission, while that 
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was not a reason for discontinuation of etanercept or adalimumab treatment. This 

probably reflects the change in the clinical practice with respect to the use of 

TNFα antagonists. At the time when infliximab was first used, the treatment was 

regarded as intermittent, whereas at the time when two other TNFα antagonists 

entered into clinical use, it had been appreciated that in most cases continuous 

treatment is needed for good efficacy. Those reasons as well as the general 

nature of observational studies and the lack of consistent inclusion / exclusion 

criteria do not allow direct comparisons between the three biological drugs. 

6 Anti-TNFα therapy of rheumatoid arthritis and 
spondyloarthropathies in the future 

TNFα antagonists have revolutionized the treatment of RA, SpA and JIA in 

recent years. However, about 30% of the patients treated with anti-TNFα therapy 

still fail to achieve even ACR20 response criteria (Maini 1999, Weinblatt 1999, 

Lipsky 2000). Therefore novel treatment possibilities are needed and recently 

three promising biologicals have been introduced, i.e. antibody / fusion protein 

against IL-6 receptor (tocilizumab) or against T- or B-cell activity (abatacept or 

rituximab). However, even these drugs which act via a different mechanism of 

action do not relieve all of symptoms in all patients. The current knowledge of 

pathogenetic mechanisms of RA and SpA has contributed to the development of 

biological therapies. It does seem that today’s research findings are rapidly 

translated into tomorrow’s clinical practice. The nature of the RA and SpA has 

also been realized as being multifactorial. For instance in the future RA might 

well be divided into different subclasses as JIA already is, and that may explain 

the varied responses to drug treatment at present. As the drug treatment has 

advanced in giant steps during the last years, there are great hopes for the future 

and the treatment of RA and SpA is likely to offer multiple possibilities to drug 

development, such as antibodies against other cytokines and inflammatory cells. 

However, molecules with totally novel mechanisms of action are needed and 

these will be based on new discoveries in the pathological mechanisms causing 
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these diseases, and prescribed to patients individually based on biomarkers 

characteristic for the subtype of their rheumatic disease. 
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Summary and conclusions 

The aim of the present study was to investigate anti-TNFα therapy in the 

treatment of RA, SpA and JIA. In the first part of the study, the levels of 

inflammatory factors were measured in patients with JIA during successful 

treatment with infliximab. In the second part, drug survival was studied in 

patients with active and refractory RA or SpA. 

The major findings and conclusions were: 

1. Serum levels of IL-6, MPO and soluble adhesion molecules sE-selectin 

and sICAM-1 in patients with JIA decreased during infliximab treatment 

suggesting in addition to previous data that they are important 

inflammatory mediators in JIA and their response may partly explain the 

good clinical effect of TNFα antagonists. 

2. Infliximab, etanercept and adalimumab treatment together with one or 

more DMARDs was effective in patients with DMARD refractory RA or 

SpA; over half of the patients continued treatment after one year 

follow-up. The use of concomitant DMARDs or oral glucocorticoids 

could be reduced and the overall drug survival was good and comparable 

to previous results from observational studies in patients with less severe 

disease. 

3. The main reasons for discontinuation were infections, hypersensitivity 

reactions and lack of efficacy or loss of already gained efficacy, which 

was seen especially during 24 months’ follow-up in infliximab-treated 

patients. 

4. Some rare adverse events appeared during anti-TNFα therapy, i.e. 

leukopenia (3 patients), adenocarcinoma of ovary, and features of 

drug-induced SLE, and elevation of transaminases. 

In conclusion, TNFα antagonists were effective and well tolerated resulting in 

good drug survival, although especially in infliximab-treated RA and SpA 

patients, a decrease in efficacy was detected along follow-up. Anti-TNFα therapy 
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also reduced levels of the inflammatory mediators in JIA patients in conjunction 

with good clinical response. Despite the good drug survival, some of the patients 

still continued to have active disease while treated with TNFα antagonist in 

addition to combination therapy with DMARDs. The pathogenesis of RA and 

SpA need to be clarified more specifically to find out possible new targets to 

drug development. New drug molecules for the treatment of RA and SpA are 

needed as well as the more specific biomarkers as a way of tailoring the drug 

treatment to meet the needs of the individual patient. 
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Effects of infliximab on cytokines, myeloperoxidase, and soluble
adhesion molecules in patients with juvenile idiopathic arthritis

T Levälampi1,2, V Honkanen3, P Lahdenne3, R Nieminen1, M Hakala2,4, E Moilanen1

1The Immunopharmacology Research Group, Medical School, University of Tampere and Research Unit, Tampere University Hospital,
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Objective: Infliximab is effective and well tolerated in the treatment of juvenile idiopathic arthritis (JIA). The aim

of the present study was to measure circulating levels of inflammatory mediators in patients with JIA during

treatment with infliximab.

Methods: Eight patients with active JIA refractory to standard treatments were treated with infliximab (3–4 mg/kg)

at weeks 0, 2 and 6 and thereafter at approximately 6-week intervals up to 24 weeks.

Results: All patients (n58) responded to the treatment. By 6 weeks of treatment the number of active joints had

reduced from 16¡4 (mean¡SEM) to 4¡1 (pv0.01) and C-reactive protein (CRP) levels had fallen from 31¡8
to 8¡3 (pv0.001). Infliximab treatment also reduced the serum concentrations of interleukin-6 (IL-6),

myeloperoxidase (MPO), and soluble adhesion molecules ICAM-1 (intercellular adhesion molecule-1), and

E-selectin. Tumour necrosis factor-a (TNFa) levels tended to increase while the concentrations of endogenous

TNF antagonists (sTNF-RI and sTNF-RII) reduced in most patients during treatment.

Conclusions: Infliximab reduced serum levels of IL-6, MPO and soluble adhesion molecules in JIA patients,

producing a good clinical response to the treatment.

The chimeric monoclonal anti-tumour necrosis factor-a
(TNFa) antibody infliximab is anti-inflammatory,

anti-erosive and well tolerated in the treatment of

rheumatoid arthritis (RA) (1, 2) and juvenile idio-

pathic arthritis (JIA) (3, 4). Inflammation is char-

acterized by an extensive network of cytokines with

overlapping effects. Thus it is of interest that inhibi-

tion of a single cytokine, TNFa, results in a profound

anti-inflammatory and anti-erosive effect in arthritis.

This may be explained by the concept that TNFa is at

the top of the cytokine cascade and regulates the

expression and activity of an array of other inflam-

matory factors (5). However, the networks regulated

by TNFa in vivo are not known in detail. In addition,

it is not known which cytokines and inflammatory

factors are associated with a favourable clinical

response to the treatment with TNFa blockers.

The aim of the present study was to measure

circulating levels of cytokines and soluble adhesion

molecules in patients with JIA during treatment with

infliximab.

Patients and methods

Patients

Eight patients (Table 1) with JIA (3, 6) were included

in the study. All patients had an active disease

refractory to standard treatments, which included
different combinations of methotrexate (MTX),

prednisolone, cyclosporin A, sulfasalazine and/or

hydroxychloroquine and intra-articular glucocorti-

coid injections.

Study protocol

Infliximab (3–4 mg/kg) was given at weeks 0, 2 and 6

and thereafter at approximately 6-week intervals.

The patients received concomitant MTX and other

anti-rheumatic drugs were discontinued. Non-
steroidal anti-inflammatory drugs were used as

symptomatic treatment. Blood samples were taken

at weeks 0, 6, 12 and 24 just before infliximab infusion.

Clinical response was assessed by an experienced

paediatric rheumatologist before the first infliximab

infusion and at weeks 6, 12 and 24. The study was

approved by the ethical committee of Helsinki

University Hospital. Patients and parents gave
written informed consent before the commencement

of the study.
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Inflammatory mediators

Serum samples were stored at –70 C̊ until analysed.

Myeloperoxidase (MPO) was measured by radio-

immunoassay (Pharmacia & Upjohn, Uppsala,

Sweden). Other factors were measured by enzyme

immunoassay using the following commercial systems:

interleukin (IL)-6 and IL-10 (PeliPair2, Sanquin
Reagents, Amsterdam, the Netherlands), IL-1Ra

and soluble TNFa receptors I and II (sTNF-RI,

sTNF-RII) and TNFa (Quantikine2 Immunoassay,

R&D Systems, Minneapolis, MN, USA), IL-18 (MBL

ELISA, Medical and Biological Laboratories Co. Ltd,

Nagoya, Japan), and soluble intercellular adhesion

molecule-1 (sICAM-1) and sE-selectin (HyCult

Biotechnology, Uden, the Netherlands).

Statistical analysis

The results are expressed as mean¡standard error of

the mean (SEM). Repeated measures analysis of

variance followed by the Bonferroni multiple com-

parisons test was used in the statistical analysis.
pv0.05 was considered significant.

Results

All patients (n58) responded favourably to infliximab

treatment (Table 2). During the 6 weeks of treatment
the number of active joints reduced from 16¡4

(mean¡SEM) to 4¡1 (pv0.01) and C-reactive

protein (CRP) levels fell from 31¡8 to 8¡3

(pv0.001). Serum concentrations of IL-6 and MPO

reduced during treatment. IL-6 and MPO levels were

about 50% and 35% lower, respectively, after 6 weeks

than before the treatment and remained low during

the 24 weeks of treatment (Figure 1A and B). Soluble

TNFa receptors sTNF-RI and sTNF-RII have a role
as endogenous TNFa antagonists (7). sTNF-RI

concentrations in serum decreased during the treat-

ment (from 1381 to 1118 ng/mL, pv0.01, Table 2).

Table 1. Patient characteristics.

Patient no. Sex (F/M) Age (years) Diagnosis
Disease duration

(years) HLAB27
Rheumatoid

factor
Anti-nuclear
antibodies Iritis

1 F 9 Extended
oligoarthritis

3 Negative Negative Positive Yes

2 F 12 Polyarthritis 10 Negative Negative Negative Yes
3 M 13 Extended

oligoarthritis
8 Positive Negative Positive Yes

4 F 7 Polyarthritis 5 Negative Negative Positive Yes
5 M 9 Polyarthritis 1 Negative Negative Negative No
6 F 5 Extended

oligoarthritis
3 Positive Negative Negative No

7 M 10 Polyarthritis 3 Negative Negative Negative Yes
8 F 12 Polyarthritis 10 Negative Negative Negative Yes

Table 2. Effects of infliximab treatment on clinical parameters and inflammatory mediators in patients with juvenile idiopathic arthritis (JIA).

Parameter

Duration of treatment (weeks)

0 6 12 24

Active joints 16.3¡4.4 3.6¡1.2** 3.4¡1.2** 4.4¡2.3**
Swollen joints 13.3¡4.8 2.1¡1.0* 3.9¡1.2 2.4¡1.4*
CRP (mg/L) 31¡7.8 8.4¡3.1** 9.3¡3.5** 6.6¡1.5***
ESR (mm/h) 38.9¡5.5 17.4¡2.8*** 15.8¡2.8*** 18.1¡4.4***
IL-6 (pg/mL) 14.6¡3.4 7.6¡2.0* 7.2¡1.3* 8.4¡2.2
IL-18 (pg/mL) 292¡44.3 262¡24.3 282¡28.8 285¡34.0
MPO (ng/mL) 584¡121 373¡55.7* 368¡41.1* 373¡66.1*
IL-10 (pg/mL) 2.3¡0.6 2.3¡0.5 2.1¡0.4 2.2¡0.4
IL-1Ra (pg/mL) 793¡303 459¡104 546¡88.1 573¡84.5
sTNF-RI (pg/mL) 1381¡127 1137¡69.6* 1242¡94.7 1118¡94.6**
sTNF-RII (pg/mL) 2251¡285 1971¡170 2045¡234 2092¡238
TNF-a (pg/mL) 20.8¡6.0 28.7¡10.9 28.1¡8.4 51.3¡11.1
sICAM-1 (ng/mL) 145¡5.4 129¡8.6*** 135¡7.7** 134¡7.1**
sE-selectin (ng/mL) 68.2¡6.5 57.0¡6.0** 63.1¡7.0 62.6¡7.0

CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; IL, interleukin; MPO, myeloperoxidase; sTNF-R, soluble tumour necrosis factor-a
receptor; TNFa, tumour necrosis factor-a; sICAM-1, soluble intercellular adhesion molecule 1. Mean¡SEM, *pv0.05, **pv0.01, ***pv0.001.
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The mean levels of sTNF-RII decreased to some

extent but the difference was not statistically signifi-

cant (Table 2). TNFa concentration increased in six

out of the eight patients, and the mean increase during

6 months of treatment was about 150% (Table 2).

Soluble forms of adhesion molecules sE-selectin and

sICAM-1 were detectable in serum samples from JIA

patients. The levels of sE-selectin and sICAM-1

reduced by 15% and 10%, respectively, during

infliximab treatment (Table 2). Infliximab treatment

did not alter the serum concentrations of IL-1Ra,

IL-10 and IL-18 (Table 2).

Discussion

Infliximab is found to be effective in RA (1, 2) and

recently also in JIA (3, 4). In the present study, the

clinical response of JIA patients to infliximab

treatment was evidenced by the reduced number

of swollen and active joints, and CRP and

erythrocyte sedimentation rate (ESR) levels.

Serum concentrations of IL-6, MPO and soluble

adhesion molecules also reduced, along with a good

clinical response.

The results should be regarded as preliminary

because of the open and uncontrolled design of the

study and the limited number of patients. The small

number of patients, the aggressive nature of the

disease (as evidenced by resistance to standard

treatments) and the fact that the blood samples were

taken just before the scheduled infliximab infusion

(i.e. at the time point where the drug effect was likely

to be at its lowest) may underestimate the effects of

infliximab on the mediators. However, clear treat-

ment-related effects were seen in many of the

inflammatory factors despite the absence of systemic

onset JIA patients, who more often have the TNF A2

allele (8) and higher TNFa levels than other JIA

patients (9). The results extend the previous data on

the molecular effects of infliximab and, to our

knowledge, there are no previous reports on the

effects of infliximab on cytokine levels in JIA

patients. It remains to be studied if any of these

mediators would have a predictive value in the

treatment of JIA.

IL-6 has a pivotal role in arthritis (10). In the

present study, infliximab reduced circulating IL-6

levels by about 50% in 6 weeks, and the effect

remained during 24 weeks of treatment. Infliximab

has previously been shown to reduce circulating IL-6

levels also in RA (11, 12).

MPO is an enzyme released by activated neutro-

phils and increased MPO levels have been reported in

RA (13). MPO functions as a cytotoxic and

immunoregulatory molecule that induces the produc-

tion of proinflammatory cytokines in macrophages

through activating mannose receptors (14). In this

study, MPO levels reduced by about 35% in 6 weeks

and remained at that lower level during the 24 weeks

of treatment. To our knowledge, the effect of

infliximab on serum MPO levels has not been

reported previously. The results support the signifi-

cance of neutrophils in JIA (15) and are in line with

the results of Foell et al (16) showing that another
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Figure 1. Effects of infliximab treatment on serum (A) interleukin-6

(IL-6) and (B) myeloperoxidase (MPO) levels in patients with

juvenile idiopathic arthritis (JIA). Mean¡SEM, n58. *pv0.05.

Infliximab in patients with JIA 191

www.scandjrheumatol.dk



indicator of neutrophil activation (S100A12) corre-

lates with disease activity in JIA.

During the 24 weeks of treatment, TNFa levels

increased in six of our eight JIA patients.

Previously, a single infliximab infusion was found

to increase circulating concentrations of immunor-

eactive but biologically inactive TNFa in RA (11).

Multiple infusions of infliximab to RA patients were

reported to increase biologically active TNFa
levels (17). We were not able to measure whether

the TNFa was biologically active or inactive (e.g.

due to binding to infliximab). It may be hypothe-

sized that neutralization of TNFa by infliximab

could result in a lack of negative feedback on the

secretion of TNFa, and lead to increased TNFa
production. If infliximab treatment is then with-

drawn, the increased TNFa production may cause

reactivation of the disease.

Soluble TNFa receptors, cleaved from the cell

surface by proteolytic enzymes, function as endogen-

ous TNFa antagonists (7). The levels of sTNF-RI

decreased in the present study and a similar tendency

was seen in the levels of sTNF-RII. This effect may

be linked to altered levels of biologically active

TNFa. A reduction in soluble TNFa receptor levels

during infliximab treatment has also been seen in

patients with RA (11).

Adhesion molecules E-selectin and ICAM-1 are

expressed on activated endothelium and mediate

leucocyte infiltration into the inflammatory focus.

Increased adhesion molecule expression by TNFa at

sites of inflammation is reflected in increased levels of

their soluble forms (18). Elevated sE-selectin and

sICAM-1 concentrations have been measured in

active JIA (19–21). Anti-TNFa therapy has been

found to decrease sE-selectin and sICAM-1 concen-

trations in RA patients (15, 22). We found reduced

sE-selectin and sICAM-1 levels in JIA patients after

6 weeks of treatment, suggesting a rapid effect that

may partly explain the reduced leucocyte infiltration

and joint inflammation caused by infliximab.

Blocking of TNFa results in a significant anti-

inflammatory and anti-erosive effect in arthritis (5),

although chronic arthritis has been associated with

altered expression of more than 400 inflammatory

genes (23). The present study provides information

on the inflammatory mediators regulated by TNFa in

vivo and supports the role of TNFa in orchestrating

the inflammatory response in JIA.
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Infliximab treatment in patients with rheumatoid arthritis and
spondyloarthropathies in clinical practice: adverse events and other
reasons for discontinuation of treatment

T Levälampi1, M Korpela2, K Vuolteenaho1, E Moilanen1

1The Immunopharmacology Research Group, Medical School, University of Tampere and Research Unit, Tampere University Hospital,
and 2Centre for Rheumatic Diseases, Tampere University Hospital, Tampere, Finland

Objective: To determine from single-centre data the treatment continuation, discontinuation, and reasons for
discontinuation among the patients with active rheumatoid arthritis (RA) or spondyloarthropathies (SpA) who

were treated with infliximab as their first biological anti-rheumatic drug.

Methods: All (n5104) RA and SpA patients who were treated with infliximab as their first biological treatment

according to the national guidelines in the Centre for Rheumatic Diseases, Tampere University Hospital during

1999–2005 were analysed at baseline and after 6 months of treatment. The treatment was regarded as ineffective if the

response was lower than American College of Rheumatology (ACR) response criteria ACR50 in RA or the

reduction of the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) was lower than 50% or 2 cm in SpA.

Results: After 6 months, 71% of the patients continued infliximab treatment and the prednisolone dose was
diminished by 40%. Infliximab was discontinued in 30 patients and seven of them discontinued due to remission.

Eight patients were regarded as poor responders. Thirteen patients discontinued because of adverse events,

mainly infections and hypersensitivity reactions. One patient discontinued the treatment because of drug-related

leucopaenia and one because of elevated aminotransferases.

Conclusion: In this study, infliximab treatment was started in patients who had active disease despite ongoing

treatment with combinations of disease-modifying anti-rheumatic drugs (DMARDs). Seventy-eight per cent

achieved at least 50% response when infliximab was added to their DMARD treatment. Adverse events, mainly

infections and hypersensitivity reactions, were in line with previous reports. Two rare adverse events were
reported, one patient with leucopaenia and one with elevated aminotransferases.

Tumour necrosis factor-alpha (TNF-a) is an impor-

tant proinflammatory cytokine involved in local and

systemic inflammation and joint destruction in

arthritis (1). Neutralization of TNFa by binding it

with the chimeric monoclonal TNFa antibody

infliximab results in an anti-inflammatory and anti-

erosive effect in rheumatoid arthritis (RA) (2, 3).

Infliximab has also been found to be effective and

well tolerated in spondyloarthropathies (SpA) (4, 5).

Infliximab is generally well tolerated but discontinua-

tions of the treatment due to adverse events (2–4, 6–8),

most commonly infections (9–11) and hypersensi-

tivity reactions (12), have been reported.

Our aim was to reveal whether there is a difference

in outcomes of infliximab treatment between daily

clinical practice and clinical studies. Previous reports

using American College of Rheumatology (ACR)

response criteria usually prefer ACR20 as the criteria

for continuation of the infliximab treatment (2, 3, 8),

while in Finland the purpose of the treatment is to

achieve clinical remission and the criteria for

continuation is ACR50 or better response (13).

According to the national guidelines (13), treatment

with TNFa antagonists is started if the patient is

suffering from continuously active disease despite

treatment with combinations of traditional disease-

modifying anti-rheumatic drugs (DMARDs). In

addition, TNFa antagonist is usually added to the

treatment with one or more DMARDs (see ‘Patients

and methods’). In the present study we analysed all

patients with RA or SpA who received infliximab as

their first biological treatment on clinical grounds

according to the national guidelines. We were also

interested in the safety and the outcome of infliximab

treatment combined with various DMARDs, and

not only with methotrexate (which is the usual case

in clinical studies). We determined the number of
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patients who achieved at least 50% response and

continued the treatment with infliximab, the number

of patients who discontinued the treatment, and the

reasons for the discontinuation, and we evaluated

adverse events leading to discontinuation of the

treatment in more detail.

Patients and methods

All patients in this study were treated in the

Department of Internal Medicine, Centre for

Rheumatic Diseases, Tampere University Hospital,

Finland, with commencement of infliximab as their

first biological treatment for active RA or SpA during

1999–2005. Indications for biologicals were based on

the national recommendations (13). The criteria to

start infliximab treatment for RA was that the patient

was suffering from continuously active RA [at least

six swollen and tender joints, and additionally the

duration of morning stiffness should be at least

45 min and/or erythrocyte sedimentation rate (ESR)

>30 mmHg and/or serum C-reactive protein (CRP)

>28 mg/L] despite treatment with a combination of

traditional DMARDs including methotrexate and

glucocorticoids (13). The criteria to start biologicals

for the treatment of ankylosing spondylitis (AS) were:

(i) inefficiency of at least two non-steroidal anti-

inflammatory drugs (NSAIDs) for at least 3 months,

(ii) sulfasalazine (methotrexate if sulfasalazine was

contraindicated) or possibly other DMARDs had

been ineffective, and (iii) the patient had an active

disease based on the Bath Ankylosing Spondylitis

Disease Activity Index (BASDAI) (>4 cm) and on

clinical grounds [acute sacroiliitis, elevated acute

phase reactants, magnetic resonance imaging (MRI)

findings]. In the other spondyloarthropathies such as

psoriatic arthritis (PsA) or inflammatory bowel

disease (IBD)-associated arthritis, there were no

defined criteria to start treatment with biologicals

but the decision was made on clinical grounds by an

experienced rheumatologist, based on the severity of

oligo/polyarthritis and inflammatory axial disease,

and the criteria available for RA and AS.

Infliximab infusions at a dose of 3 mg/kg were given

in weeks 0, 2, and 6 and every 8 weeks thereafter. Based

on the response, the dose was increased or decreased,

or the infusion intervals shortened or lengthened.

Infliximab was combined usually with methotrexate

and sometimes with other DMARDs (mostly sulfasa-

lazine or hydroxychloroquine) and low-dose predniso-

lone. The clinical response was carefully registered by

an experienced rheumatologist at each visit. In RA, the

evaluation included ACR response criteria (14),

including the number of swollen and tender joints,

the physician’s assessment of disease activity [Visual

Analogue Scale (VAS), 0–10 cm], patient’s assessment

of general health (VAS), pain (VAS) and the Health

Assessment Questionnaire (HAQ), and markers of

acute-phase activity (ESR and CRP). A treatment

response lower than ACR50 was regarded as ineffec-

tive. In AS or SpA, the clinical response included the

BASDAI and the Bath Ankylosing Spondylitis

Functional Index (BASFI), and the treatment was
regarded as ineffective if the reduction in BASDAI was

lower than 50% or less than 2 cm.

Concomitant drug treatment that included gluco-

corticoids, DMARDs, and NSAIDs was documen-

ted. The reasons for withdrawal (adverse events,
inefficiency, remission, or other reasons) were regis-

tered, and severe adverse events were reported to the

National Agency for Medicines (NAM), Finland.

Results

Patients

In the present study, all (n5104) RA and SpA

patients who received infliximab as their first

biological treatment in the Centre for Rheumatic
Diseases, Tampere University Hospital, during 1999–

2005 were analysed. According to the national

guidelines, the criteria to start treatment with a

TNFa antagonist is that the patient is suffering from

a severe and refractory disease despite active drug

treatment. The TNFa antagonist is usually added on

to the combination of one or more DMARDs. In this

study, 62% of the patients (64 patients) were female,
the mean age was 45 years (range 18–75 years), and

the mean duration of the disease was 12 years (range

0.8–52 years). Most of the patients (95%) were

treated with one or more concomitant DMARDs

and 91% were on glucocorticoids in accordance with

the national recommendations for infliximab treat-

ment. The patient characteristics are presented in

Table 1. Sixty-three (61%) patients had RA and
nearly 60% (37 patients) of them had seropositive

RA, one-quarter (16 patients) had seronegative RA

and about 15% (10 patients) had juvenile idiopathic

arthritis (JIA) (Table 2). Forty-one (39%) of the

patients had SpA and about 40% (17 patients) of

them had AS and nearly 20% (eight patients) PsA.

Seronegative oligoarthritis, enteropathic arthritis,

reactive arthritis, and sacroiliitis were represented in
minor part (Table 2).

Continuation and discontinuation of infliximab treatment,
and adverse events compelling the discontinuation of the
treatment

The patients’ status was assessed 6 months after the

initiation of the infliximab treatment. Seventy-four

patients (71%) achieved at least 50% treatment
response and continued the treatment (Table 1).

Thirty patients (29%) discontinued the medication

during the 6 months of follow-up (Table 1). There
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was no difference in the mean age or disease duration

between the patients who continued or discontinued

the medication. Forty-three RA patients (68%)

continued the treatment and the rate of continuation

in patients with SpA was 76% (Table 2). RA patients

in all subgroups responded similarly to the treatment

(Table 2).

Among the continuers, the number of patients with

glucocorticoid treatment decreased from 91% to 82%

and the mean equivalent dose of prednisolone

decreased from 10.0¡0.8 to 5.7¡0.5 mg/day

(mean¡SEM, pv0.0001) in 6 months of infliximab

treatment. The number of concomitant DMARDs

was not changed among the patients who continued

the infliximab treatment.

The reasons for discontinuation of infliximab
treatment are shown in Table 3. Seven patients

(23%) achieved remission after the second to fifth

infliximab infusion and infliximab treatment was

withdrawn. In the frame of the present survey, these

seven patients were carefully followed for another

6 months. In that time, two of the patients were

compelled to restart infliximab treatment, one after

2 months and one after 6 months because of
activation of the disease. Five patients did not restart

infliximab treatment during the 6 months’ follow-up.

Two of these patients had minor activation of the

disease immediately after discontinuation of the

infliximab treatment, but this diminished rapidly

after intensifying the traditional DMARD treatment.

Two patients developed minor disease activity, one

after 3 months and one after 5 months of remission,
but there were no indications to restart infliximab

treatment. One patient had no activity in disease

during the 6 months’ follow-up.

In eight patients (27%) infliximab treatment was

regarded as ineffective after the second to sixth

infliximab infusion and the treatment was stopped.

Thirteen patients (43%) discontinued the medication
due to adverse events (Table 4). One 24-year-old

female discontinued due to pregnancy and one

71-year-old female patient died due to cerebral

infarction during the follow-up. Six (46%) of the

adverse events that compelled discontinuation of the

treatment were infections and five (38%) were

hypersensitivity reactions, which appeared during

the fourth or fifth infusion. One patient discontinued
the treatment because leucopaenia was found and

one because of elevated serum aminotransferases.

Table 1. Characteristics of the patients treated with infliximab at the beginning and after 6 months of treatment.

At the beginning After 6 months of infliximab treatment

Continued Discontinued

All
(n5104)

All
(n574)

All
(n530)

Remission
(n57)

Inadequate
response (n58)

Adverse event
(n513)

Other reason
(n52)

Age, years (range) 45 (18–75) 45 (18–76) 47 (22–75) 36 (22–59) 47 (28–56) 53 (28–75) 47 (24–71)
Female (%) 62 57 73 86 50 77 100
Disease duration, years (range) 12 (0.8–52) 13 (1–30) 12 (1–53) 10 (1–26) 6 (2–13) 17 (2–53) 16 (4–29)
Number of concomitant
DMARDs

0 (%) 5 3 20 0 13 23 50
1 (%) 37 41 33 100 25 23 0
2 (%) 29 28 30 0 25 39 50
3 or more (%) 29 28 17 0 37 15 0

Glucocorticoid intake (%) 91 82 83 86 100 77 100
Glucocorticoid dosage (mg/day) 10 5.7 8.7 4.6 16.3 6.1 16.9

DMARD, disease-modifying anti-rheumatic drug.

Table 2. Infliximab-treated patients according to the diagnosis.

Diagnosis

At the
beginning
(n5104)

Continuing after
6 months

(n574; 71%)

n n %

Rheumatoid arthritis (RA) 63 43 68
Seropositive RA 37 25 68
Seronegative RA 15 11 73
Juvenile idiopathic arthritis (JIA) 10 7 70

Spondyloarthropathy (SpA) 41 31 76
Ankylosing spondylitis 18 11 61
Psoriatic arthritis 8 7 88
Seronegative oligoarthritis 5 5 100
Enteropathic arthritis* 4 3 75
Reactive arthritis 4 3 75
Sacroiliitis 3 2 67

*Crohn’s disease, ulcerative colitis.

Table 3. Reasons for discontinuing medication.

Reason n %

Remission 7 23
Lack of efficacy 8 27
Adverse event 13 43
Other reason 2 7

8 T Levälampi et al
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Infections

We determined all 13 adverse events that led to

discontinuation of infliximab treatment (Table 4).

Three of the six infections were pneumonias with

bacterial aetiology. Two patients with pneumonia
had typical clinical signs and symptoms: fever,

dyspnoea, elevated CRP, and radiological findings.

The third patient suffered for several months from

fluctuating fever and dyspnoea, and she was diag-

nosed as having tuberculosis.

Before infliximab treatment was started, all

patients were screened for tuberculosis according to
the national guidelines, which include the patient’s

history of possible exposure to tuberculosis, thorax

X-ray for possible tuberculosis-like changes, and the

Mantoux test. The patient who developed tubercu-

losis during infliximab treatment did not have any

known exposure to tuberculosis in her medical

history, and at the beginning of infliximab treatment

there were no signs of tuberculosis in the chest X-ray

and the Mantoux test was negative. After the

symptoms had appeared, no signs of tuberculosis

were found in the chest X-ray but the Mantoux test

turned positive. The symptoms were temporarily

relieved by anti-microbial drug treatment but later on

an enlargement of the mediastinum was found on a

computer tomography (CT) scan. The diagnosis of

tuberculosis was confirmed histologically from

Table 4. Adverse events leading to discontinuation of infliximab treatment during the first 6 months.

Classification No. Diagnosis
Age

(years) Sex

Disease
duration
(years) DMARDs

Time of
adverse event Adverse event

Infection 1 Seropositive
rheumatoid
arthritis

49 F 6 MTX 10 mg/week After third
infusion

Pulmonary tuberculosis
with mediastinum lymph
nodes, diagnosed by
biopsy

CyA 200 mg/day
SSZ 2000 mg/day

2 Seronegative
rheumatoid
arthritis

51 F 7 PRED 10 mg/day After fourth
infusion

Infection (CRP 145 mg/mL),
with unknown focusMTX 25 mg/week

3 Ankylosing
spondylitis

53 M 6 PRED 10 mg/day After fourth
infusion

Gluteal abscess
MTX 25 mg/week
CyA 200 mg/day

4 Seropositive
rheumatoid
arthritis

58 F 26 PRED 15 mg/day After second
infusion

Septic arthritis of right
ankle jointATM 50 mg/6 weeks

HCQ 300 mg/day
5 Ankylosing

spondylitis
50 M 12 SSZ 2000 mg/day After fourth

infusion
Pneumopericarditis

6 Seropositive
rheumatoid
arthritis

71 F 12 PRED 10 mg/day After second
infusion

Pneumonia
AF 9 mg/day

Hypersensitivity
reaction

1 Seronegative
rheumatoid
arthritis

28 F 15 During fourth
infusion

Infusion reaction (rash),
DMARDs stopped
previously because of mild
pharyngitis

2 Juvenile
idiopathic
arthritis

31 F 30 PRED5 mg/day During fourth
infusion

Infusion reaction
(dyspnoea, rash, and
itching)

CyA 100 mg/day
SSZ 2000 mg/day
AF 3 mg/day

3 Seronegative
rheumatoid
arthritis

40 M 2 PRED 5 mg/day During fourth
infusion

Infusion reaction (rash)
MTX 10 mg/week
SSZ 2000 mg/day

4 Psoriatic
arthropathy

73 F 15 PRED 10 mg/day After fourth
infusion

Delayed infusion reaction
(rash, dyspnoea)
developed 2 days after
infusion

5 Seropositive
rheumatoid
arthritis

75 F 53 PRED 5 mg/day During fifth
infusion

Infusion reaction
(hoarseness, dyspnoea,
rash)

CyA 100 mg/day
SSZ 2000 mg/day

Other adverse
event

1 Seronegative
rheumatoid
arthritis

36 F 19 PRED 5 mg/day After fourth
infusion

Elevation of ALT 125–142
IU/LCyA 100 mg/day

SSZ 2000 mg/day
2 Enteropathic

arthropathy
58 F 22 PRED 5 mg/day After fourth

infusion
Cytopaenia/neutropaenia
(1.46109/L)SSZ 1000 mg/day

DMARD, disease-modifying anti-rheumatic drug; AF, auranofin; ATM, aurothiomalate; CyA, cyclosporin A; HCQ, hydroxychloroquine;
MTX, methotrexate; PRED, prednisolone; SSZ, sulfasalazine; ALT, alanine aminotransferase; CRP, C-reactive protein.
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lymph nodes obtained by mediastinoscopy 6 months

after the first symptoms of pneumonia.

The other infections were as follows: septic

arthritis of the ankle joint caused by Staphylococcus

aureus, gluteal abscess (size: 3.561.563.7 cm) with

no general symptoms, and generalized infection with

elevated CRP (145 mg/L) and no clinically evident

infection focus (Table 4). The aetiologies of the last

two infections remain unknown.

Hypersensitivity reactions

Five of the 13 adverse events that compelled

discontinuation of the infliximab treatment were

hypersensitivity reactions (Table 4), with rash and/

or dyspnoea as the main symptoms. Four out of the

five hypersensitivity reactions occurred during or

immediately after the infusion. In one patient,

erythema, facial urticaria, and nausea appeared

30 min after the initiation of the fourth infusion.

Another patient reported hoarseness during the

infusion and developed dyspnoea and rash in the

lower limbs after the infusion. One patient develo-

ped an extensive rash and flush in the upper body

during the fourth infusion. A 31-year-old woman

suffered from itching in the mouth, throat, and

upper body, and she had also mild dyspnoea.

A delayed hypersensitivity reaction (rash, oedema,

itching of face, and dyspnoea) occurred 2 days after

the fourth infusion in a 73-year-old woman with

PsA. All hypersensitivity reactions were relieved

after discontinuation of the infliximab infusion and

strengthening the glucocorticoid treatment. All but

one patient had ongoing glucocorticoid treatment at

the time of the hypersensitivity reaction.

Other adverse events

Elevation of aminotransferases (125–142 IU/L) was

reported in one patient during the 6-month follow-up.

Levels were normalized after discontinuation of infli-

ximab infusions. Another patient developed leucopae-

nia (neutrophils 1.46109). Conventional DMARDs,

sulfasalazine, and methotrexate were discontinued

without improvement. Discontinuation of infliximab

infusions had a favourable response and leucocyte

levels were normalized.

Discussion

Tampere University Hospital serves as a specialist

care centre for a population of 530 000 in Pirkanmaa

Health Care District, including the city of Tampere.

In this area the treatment of rheumatic diseases with

biologicals is confined to the Centre for Rheumatic

Diseases, Tampere University Hospital. During

1999–2005 all of the patients (n5104) treated

according to the national guidelines with infliximab

as their first biological treatment for active RA or

SpA in the Centre for Rheumatic Diseases were

analysed in this study. In this study, the decision to

start infliximab treatment was made by the discretion

of an experienced rheumatologist, not as a rando-

mized enrolment in a clinical trial, thereby providing
data for the outcomes of infliximab treatment in

everyday practice.

In Finland, rheumatologists commonly use com-

bination DMARD therapy in the treatment of active

RA, aiming to achieve remission (15). According to

the national recommendations, infliximab treatment

is used when patients have active RA despite

combination DMARD therapy. Thus, very differ-
ently from randomized clinical trials, the patients

analysed in this study had severe, refractory disease

and ongoing treatment with combinations of

DMARDs, glucocorticoids, and NSAIDs adjusted

by their rheumatologist. In contrast to randomized

clinical studies, different combinations of DMARDs

(and not methotrexate alone) were used in addition

to infliximab. Use of combinations of DMARDs,
and severe and active RA or SpA, is associated with a

high risk for adverse events and this must be taken

into account when interpreting the results of the

present study. In clinical studies, continuation rates

of 82–91% with ACR20 criteria were reported by

Maini et al after 7.5 months of treatment depending

on the dose and infusion intervals (2), and 79%

after 13.5 months of treatment reported by Lipsky
et al (3). In observational studies, continuation

rates seem to be somewhat lower than in rando-

mized clinical trials, 82% continued infliximab infu-

sions after 6 months’ (7), 66% (6) and 85% (8) after

1 year’s intervention. In the present study, 71% of the

patients continued the medication after 6 months of

treatment, i.e. they achieved at least 50% response

without adverse events compelling discontinuation
the treatment. Indeed, seven of 104 patients discon-

tinued infliximab treatment due to remission defined

on clinical grounds. In the present study the

continuation rate was 68% in RA patients and 76%

in SpA patients. Although the difference was small, it

is in line with a Spanish report, where SpA patients

had 33% lower probability of discontinuing the

biologicals than RA patients (16). In some clinical
trials, infliximab has been given at higher doses and/

or shorter intervals to patients with SpA than to

patients with RA (4). In the present study, infliximab

treatment was started at a dose of 3 mg/kg in SpA

patients as well, and, if needed, the dose was

increased and/or the infusion interval adjusted along

the response. In accordance with this, Braun et al

concluded in their review that that dose is often also
adequate in SpA patients (4).

Response to infliximab treatment is usually evident

after 2 weeks of treatment, when over 50% of the RA
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patients have been reported to achieve ACR20

response (2). Eight patients (27% of discontinuers,

8% of all patients) in our study did not achieve our

continuation criteria (ACR50 or BASDAIw50%/

2 cm), and they discontinued the medication after

4 months of treatment. This finding is in accordance

with previous studies, where about 10% discontinua-

tion rates due to inefficacy have been reported in

observational studies (6, 8). Lipsky et al (3) reported

12% discontinuation rates due to inefficacy in their

clinical study. It is worth noting that continuation

criteria in the above-mentioned studies have been

mostly ACR20 and not ACR50 as in the present

study and in clinical practice in Finland. In patients

who responded to the infliximab treatment and

continued the treatment, the glucocorticoid dose

was decreased by 40%. There was no change in the

number of concomitant DMARDs during the

6 months’ follow-up among continuers. In support

of this, Nordström et al recently reported that the

median dose of glucocorticoids was reduced from

7.5 mg to 5 mg after 3 months of treatment with

biologicals but there were no major changes in the

use of concomitant DMARDs (17).

There is an increased risk for infections in RA

(18, 19) and the use of conventional DMARDs

further increases the risk (20). The use of TNFa
antagonists amplifies the risk for infections (9). Lung,

skin, soft tissue, joint, and bone infections are the

most frequently reported severe infections during

infliximab treatment and serious generalized infec-

tions are slightly more probable in RA patients

treated with biological agents than in those treated

with conventional DMARDs (9–11). In randomized

clinical trials, 9–20% rates of severe adverse events

have been reported, depending on the dose and

infusion frequency of infliximab and the concomitant

DMARDs (2, 3). Most of the patients in the present

study (95%) had at least one DMARD in addition to

infliximab treatment. Only those adverse events that

led to discontinuation of infliximab treatment were

registered, and they often required either medical

treatment or hospitalization. In the present study,

13% of all patients were compelled to discontinue the

medication due to adverse events. Infection was the

most common adverse event reported (46% of

adverse events). Three pneumonias, one septic

arthritis, one soft tissue infection (gluteal abscess),

and one generalized infection were registered during

the follow-up. Infections are more common in elderly

RA patients and in patients with severe disease

history (21). Accordingly, patients with adverse

events leading to discontinuation of treatment in

this study were older (mean age 53 years) and had

longer disease duration (17 years) than the other

patients who discontinued the treatment (mean age

47 years, 12 years disease duration). Increased risk of

tuberculosis is associated with infliximab treatment

(22, 23) and in Finland tuberculosis is routinely

screened prior to the commencement of infliximab

treatment according to the national guidelines. In

the present study, there was one case of tuber-

culosis, which was successfully treated with anti-

microbial drugs. In Finland, the incidence of new

and relapsed cases of tuberculosis is very low, with
only six cases/100 000 people in 2004 (24), compared

with the incidence in Europe of 50 cases/100 000

people (25).

Hypersensitivity reactions associated with inflixi-

mab treatment are fairly common, but rarely life-

threatening. According to Wasserman et al, 2.7% of

patients discontinued infliximab treatment due to

hypersensitivity reactions and they most frequently
occurred during the third or fourth infusion (12),

while in the study by Maini et al, hypersensitivity

reactions were most common during the first infusion

(2). In our study, 5% of patients discontinued

infliximab treatment due to hypersensitivity reac-

tions, which occurred during/after the fourth to fifth

infusion. Similarly, as in the study of Wasserman et

al (12), we found that urticaria, rash, itching, and
dyspnoea were the most frequently reported symp-

toms. Four out of five hypersensitivity reactions

appeared during the infusion and one delayed

reaction occurred a few days after the infusion.

Elevated aminotransferases in one patient and one

case of cytopaenia were reported in our study.

Recently, Konttinen et al reported 21 cases of

elevated aminotransferases and four patients with

leucopaenias (26) in their analysis of 248 patients
with adverse events during TNFa antagonist treat-

ment. Previously, only a few separate cases of

leucopaenias had been reported (7, 27–29). One case

of elevated aminotransferases associated with auto-

immune hepatitis during infliximab treatment has

been reported (30). Mildly or moderately elevated

liver enzymes have been described, especially in SpA

patients, during infliximab treatment (4), and van der
Hejde et al (5) reported in their clinical study an

elevation of liver enzymes in 5.9% patients, but there

were no discontinuations of the infliximab treatment

because of elevated liver enzymes. In this study there

were no cases of malignancy, congestive heart failure,

or neurological disorder, although they have been

associated with anti-TNF antibody therapies in

previous studies (31, 32).

In the present study, patients treated with inflixi-

mab had severe, refractory disease despite ongoing

treatment with combinations of DMARDs. Seventy-

eight per cent of the patients achieved at least a 50%

response when infliximab was added to the treat-

ment. Incidence of infections and hypersensitivity

reactions as adverse events were in line with previous

reports. Two rare, drug-related adverse events were
reported, one patient with leucopaenia and one

patient with elevated aminotransferases.
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Abstract In the present study, we determined from a sin-
gle-center data the treatment continuation, discontinuation
and reasons for discontinuation in the patients with active
rheumatoid arthritis (RA) or spondyloarthropathies (SpA)
who were treated with etanercept or adalimumab. All RA
and SpA patients, who were treated with etanercept
(n = 53) or adalimumab (n = 43) as their Wrst biological
treatment according to national guidelines in the Center for
Rheumatic Diseases, Tampere University Hospital during
the years 1999–2005, were analyzed at baseline and after
1-year treatment. The treatment was regarded ineVective if
the clinical response was lower than ACR50 in RA or the
reduction of BASDAI was lower than 50% or 2 cm in SpA.
After 1 year, the continuation rate was 74% with etanercept
and 60% with adalimumab. Mean prednisolone dose among
continuers was diminished by 52% in etanercept-treated
patients and by 44% in adalimumab-treated patients. Dur-
ing 1-year follow-up, 14 (26%) of the etanercept-treated
patients and 17 (40%) of the adalimumab-treated patients
discontinued the medication. Eleven patients were regarded
as poor responders, seven in etanercept group and four in
adalimumab group. Adverse events (mainly infections and
injection reactions) caused six discontinuations in etaner-
cept-treated group and 11 discontinuations in adalimumab-
treated group. Etanercept was discontinued due to other
adverse event in two patients: in one patient due to adeno-

carcinoma of ovary and in one patient due to drug-related
leukopenia. One patient treated with adalimumab devel-
oped clinical and immunological features of systemic lupus
erythematosus (SLE). In the present study, etanercept and
adalimumab treatments were started in patients who had
active RA or SpA despite ongoing treatment with combina-
tions of traditional disease modifying antirheumatic drugs
(DMARDs). Thirty-nine (74%) patients and twenty-six
(60%) patients achieved at least 50% response when etaner-
cept or adalimumab was added to their earlier DMARD
treatment. Adverse events (mainly infections and injection
reactions) were in line with previous reports. Three rare
adverse events were reported: one patient with ovarial car-
cinoma, one with leukopenia and one with features of drug-
induced SLE.

Keywords Etanercept · Adalimumab · 
Rheumatoid arthritis · Spondyloarthropathies · 
Adverse events

Introduction

Tumor necrosis factor alpha (TNF�) modulators etanercept
and adalimumab have proved to be eVective and well toler-
ated in the treatment of rheumatoid arthritis [1–4] and
spondyloarthropathies [5]. They have established their place
in the everyday practice when traditional disease modifying
antirheumatic drugs (DMARDs) are not eVective enough.
Although etanercept and adalimumab are generally well
tolerated, there are complications and discontinuations of the
treatment due to adverse events [1–4, 6], mainly infections
[7–9] and injection site reactions [1–4].

In the present study, we evaluated clinical practice
outcomes of etanercept and adalimumab treatments in
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comparison with prospective randomized clinical studies.
Previous reports using ACR response criteria usually
prefer ACR20 as the criteria for continuation of etanercept
and adalimumab treatment, while in Finland the criteria for
continuation has been set as ACR50 or a better response
[10]. According to the national guidelines [10], treatment
with TNF� antagonists is indicated if the patient is suVer-
ing from continuously active disease despite the treatment
with combinations of traditional DMARDs, including
methotrexate. In addition, TNF� antagonist is usually
added to the treatment with one or more DMARDs (see
Sect. “Patients and methods”). In the present study, we
analyzed single rheumatological center data of all patients
with RA or SpA, who received etanercept or adalimumab
as their Wrst biological treatment on clinical grounds
according to the national guidelines. We were also inter-
ested in the safety and the outcome of etanercept or ada-
limumab treatment in combination with DMARDs. We
deWned the number of patients who achieved at least 50%
response and continued the treatment with etanercept or
adalimumab, the number of patients who discontinued the
treatment and the reason for discontinuation and evaluated
in more detail the adverse events leading to discontinuation
of the treatment.

Patients and methods

In the present study, all patients with active rheumatoid
arthritis or spondyloarthropathies were treated with etaner-
cept or adalimumab as their Wrst biological treatment dur-
ing the years 1999–2005, in the Center for Rheumatic
Diseases at the Tampere University Hospital, Finland.
According to national recommendations, the criteria to start
TNF� antagonist treatment for rheumatoid arthritis was that
the patient should be suVering from continuously active RA
[at least six swollen and tender joints, and additionally the
duration of morning stiVness should be at least 45 min and/
or erythrocyte sedimentation rate (ESR) ¸ 30 mmHg and/
or serum C-reactive protein (CRP) ¸ 28 mg/l] despite treat-
ment with combinations of traditional DMARDs including
methotrexate and low-dose glucocorticoids [10]. The crite-
ria to start biologicals for the treatment of ankylosing spon-
dylitis were: (1) ineVectiveness of at least two nonsteroidal
anti-inXammatory drugs (NSAIDs) for at least 3 months,
(2) sulphasalazine (methotrexate if sulphasalazine is con-
traindicated) or possibly if other DMARDs had proved
ineVective, and (3) the patient had an active disease based
on BASDAI (Bath Ankylosing Spondylitis Disease Activity
Index) (¸4 cm) and on clinical grounds [acute sacroiliitis,
elevated acute phase reactants, magnetic resonance imaging
(MRI) Wndings]. In other spondyloarthropathies like

psoriatic arthritis (PsA) or inXammatory bowel disease
(IBD) associated arthritis, there were no deWned criteria
to start treatment with biologicals, but the decision was
made on clinical grounds by an experienced rheumatologist
based on the severity of oligo/polyarthritis and inXammatory
axial disease, and criteria available for rheumatoid arthritis
and ankylosing spondylitis.

Etanercept was given subcutaneously with a dose of
25 mg twice a week and adalimumab with a dose of 40 mg
every other week subcutaneously. Etanercept or ada-
limumab was usually combined with methotrexate and
possibly with other DMARDs (mostly sulphasalazine or
hydroxychloroquine) and small-dose prednisolone. The
clinical response was carefully followed and registered by
an experienced rheumatologist at each visit. In RA, the
evaluation included ACR (American College of Rheuma-
tology) response criteria [11] including the number of swol-
len and tender joints, the physician’s assessment of disease
activity (VAS, Visual Analog Scale, 0–10 cm), patient’s
assessment of general health (VAS), pain (VAS) and HAQ
(Health Assessment Questionnaire), and markers of acute
phase activity (ESR and CRP). The treatment response
lower than ACR50 was regarded ineVective. In spondylo-
arthropathies, the clinical response included BASDAI and
BASFI (Bath Ankylosing Spondylitis Functional Index)
indexes, and the treatment was regarded ineVective if the
reduction of BASDAI index was lower than 50% or less
than 2 cm.

Concomitant drug treatment including glucocorticoids,
DMARDs and NSAIDs, was documented. The reason of
withdrawal (adverse event, ineYciency, and other reasons)
was registered and in the case of an adverse event, discrete
stationary was Wlled in.

Results

Patients

Patients were treated in the Center for Rheumatic Dis-
eases, Tampere University Hospital during the years
1999–2005. The survey included all RA and SpA patients
(n = 96) who had severe and active diseases despite eVec-
tive antirheumatic drug treatment, and who started etaner-
cept or adalimumab, as their Wrst biological treatment. In
the national guidelines the criterion to start treatment with
TNF� antagonist is that the patient suVers from a severe
and refractory disease despite active antirheumatic treat-
ment. TNF� antagonist is usually added to the combina-
tion of one or more DMARDs. We analyzed the patterns
of drug continuation, discontinuation and reasons for dis-
continuation in patients treated with etanercept or ada-
limumab.
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Etanercept

Etanercept was commenced as the Wrst biological treatment
in 53 RA and SpA patients (Table 1). At the beginning of
the treatment the mean age of the patients was 44 (range
18–75) years, 58% (31 patients) were females and mean
disease duration was 10 (range 1-36) years. Concomitant
DMARDs in addition to etanercept was used in 94% of the
patients and 81% used glucocorticoids. Thirty-one (58%)
patients had rheumatoid arthritis including seropositive RA
in 21, seronegative RA in 5 and juvenile idiopathic arthritis
(JIA) in 5 patients (Table 2). Twenty-two (42%) of the 53
patients had spondyloarthropathy (SpA) including ankylosing
spondylitis (AS) in 10 and psoriatic arthritis (PsA) in 5
patients. Seronegative oligoarthritis, reactive arthritis and
sacroiliitis were represented in a minor part (Table 2).

The follow-up data were assessed after the 1-year etaner-
cept treatment (Tables 1, 2). Thirty-nine (74%) patients
achieved at least 50% improvement and continued the med-
ication after 1 year. During the Wrst year 14 (26%) of eta-
nercept-treated patients discontinued the medication
(Table 3). Half of the patients (seven patients) did not
achieve 50% improvement in clinical parameters and dis-
continued the treatment due to poor response. Six patients
experienced an adverse event during the 1-year follow-up
leading to discontinuation of the treatment and one patient
discontinued due to pregnancy.

Among the patients who continued the etanercept treat-
ment after 1 year, the proportion of the patients using glu-
cocorticoid treatment had diminished by 30%. The mean
glucocorticoid dose decreased by 52%, from 6.0 § 0.7 to
2.9 § 0.5 mg/day (mean § SEM, P < 0.0001) among

continuers. The number of concomitant DMARDs reduced
along successful etanercept treatment; after 1 year, 25% of
the patients had no concomitant DMARD and 47% used
only one DMARD (Table 1).

All the six adverse events appearing during the 1-year
follow-up and leading to discontinuation of the treatment
were deWned more precisely (Table 4). Five of the adverse
events occurred during the Wrst 6 months and one, after
9 months’ etanercept treatment (Fig. 1a). There was one
serious infection (generalized and recurrent herpes infec-
tion), three injection reactions and two other adverse
events.

Generalized and recurrent herpes infection in a 26-year-
old woman caused discontinuation of the etanercept treat-
ment after 5 months. Three injection reactions occurred
during the Wrst year after the initiation of etanercept treat-
ment. One patient suVered from irritation at injection site
after 1-month etanercept treatment and another patient had
congestion of throat, headache and tingle of lower limbs
after 6 weeks’ treatment. The third patient developed vesi-
cles in mouth and genitals, which were not considered her-
petic according to the treating gynecologists, and etanercept
was discontinued after 6 months from the commencement
of the treatment.

Table 1 Characteristics of patients treated with etanercept

DMARD disease modifying antirheumatic drug

At the 
beginning

After 1 year of etanercept
treatment

(n = 53) Continued 
(n = 39)

Discontinued 
(n = 14)

Age, years, mean (range) 44 (18–75) 44 (19–76) 44 (26–61)

Female (%) 58 53 67

Disease duration, 
years, mean (range)

10 (1–36) 13 (3–37) 7 (1–22)

Number of concomitant DMARDs

0 (%) 6 25 17

1 (%) 22 47 17

2 (%) 36 20 50

3 or more (%) 36 8 17

Glucocorticoid intake (%) 81 52 83

Glucocorticoid dosage, 
mean (mg/day)

6.8 2.9 5.4

Table 2 Etanercept-treated patients according to their diagnosis

RA rheumatoid arthritis, SpA spondyloarthropathy

Diagnosis At the beginning, 
n = 53

Continuing after 
1 year, n = 39 (74%)

n n (%)

RA 31 23 74

Seropositive 
rheumatoid arthritis

21 15 71

Seronegative 
rheumatoid arthritis

5 4 80

Juvenile idiopathic 
arthritis

5 4 80

SpA 22 16 73

Ankylosing spondylitis 10 8 80

Psoriatic arthritis 5 5 100

Seronegative 
oligoarthritis

4 2 50

Sacroiliitis 2 0 0

Reactive arthritis 1 1 100

Table 3 Reasons to discontinue 
etanercept treatment

Reason Number (%)

Lack of eYcacy 7 50

Adverse event 6 43

Other reason 1 7

Total 14 100
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Two patients had to discontinue etanercept treatment due
to other adverse events. One patient developed leukopenia
(leukocytes 3.1 £ 109/l), which did not mitigate after dis-
continuation of the concomitant methotrexate and sulfa-
salazine. After discontinuation of etanercept the leukocyte
levels were normalized. In another patient, a 61-year-old
woman, mucous adenocarcinoma of the ovary with metastasis
was observed during etanercept treatment.

Adalimumab

Forty-three patients with RA or SpA started adalimumab as
their Wrst biological treatment (Table 5). The mean age at
the beginning of the treatment was 52 (range 17–74) years,
72% of the patients were females and the mean duration of
the disease was 16 (range 1–45) years. Most of the patients
(93%) used at least one concomitant DMARD and 93% of
them used also oral glucocorticoids. The patient character-
istics are shown in Table 5. Forty patients (93%) had rheu-
matoid arthritis and three-quarters of them had seropositive
disease. Fourteen percent of the patients had seronegative
rheumatoid arthritis and 9% had juvenile idiopathic arthri-
tis. Three patients (7%) had spondyloarthropathy (Table 6).

The follow-up data was assessed after 1-year ada-
limumab treatment (Tables 5, 6). Sixty percent of the
patients (26 patients) achieved 50% response and continued
adalimumab treatment. During the 1-year follow-up 17
(40%) patients discontinued the medication. Four (23%) of

Fig. 1 The cumulative number of the adverse events that led to dis-
continuation of the treatment during 1-year etanercept (a) and ada-
limumab (b) treatment
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Table 4 Adverse events leading to discontinuation of etanercept treatment during the Wrst year

DMARD disease modifying antirheumatic drug, HCQ hydroxychloroquine, LEF leXunomide, MTX methotrexate, PRED prednisolone, SSZ sulfa-
salazine

ClassiWcation Number Diagnosis Age 
(years)

Sex Disease 
duration
(years)

DMARD’s Time of 
adverse event
(months)

Adverse event

Infection 1 Juvenile 
idiopathic
arthritis

26 M 19 PRED 5 mg/day
MTX 20 mg/week
HCQ 300 mg/day

5 Recurrent generalized herpes

Injection 
reaction

1 Seropositive 
rheumatoid 
arthritis

34 F 3 PRED 7.5 mg/day 1 Redness, itching and irritation 
of the injection site

2 Seronegative 
oligoarthritis

43 F 7 PRED 5 mg/day
MTX 25 mg/week
SSZ 2,000 mg/day

1.5 Tingle and numbness 
of lower limbs, congestion
of throat, and headache

3 Seronegative 
rheumatoid 
arthritis

43 F 14 PRED 20 mg/day
LEF 150 mg/day
HCQ 300 mg/day

6 Vesicles in mouth and genitals, 
and itch of skin

Other 
adverse event

1 Sacroiliitis 37 F 1 MTX 20 mg/week
SSZ 2,000 mg/day

6 Leukopenia: leukocytes 
3.1 £ 109/l and polymorphonuclear 
leukocytes 1.16 £ 109/l

2 Seropositive 
rheumatoid
arthritis

61 F 4 PRED 2.5 mg/day
MTX 25 mg/week
SSZ 2,000 mg/day
HCQ 300 mg/day

9 Mucous adenocarcinoma 
of ovary with abdominal metastasis
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the patients who discontinued adalimumab did not achieve
50% improvement and discontinued due to poor response.
Adverse events leading to discontinuation of the treatment
during the Wrst year of adalimumab treatment appeared in
11 (26%) patients. Two patients discontinued adalimumab
treatment due to other reasons, one patient discontinued
voluntarily and the other patient due to changes in the chest
radiology, which were regarded not to be related to ada-
limumab treatment (Table 7).

During the 1-year adalimumab treatment the proportion
of the patients with concomitant DMARD treatment
decreased, especially the proportion of the patients with
three or more concomitant DMARD diminished from 35 to
4%. The use of glucocorticoids was more prevalent at the
beginning of the adalimumab treatment and decreased dur-
ing the 1-year follow-up from 93 to 73%. Mean predniso-

lone dose decreased by 44% among the continuers from
6.2 § 0.65 (mean § SEM) to 3.5 § 0.58 mg/day (P = 0.0008)
(Table 5).

We deWned all 11 adverse events that led to discontinua-
tion of adalimumab treatment during the Wrst year of fol-
low-up in more detail (Table 8). Three adverse events
occurred after 2 or 3 months’ treatment, but most of the
adverse events (in eight patients) occurred after 6 months’
treatment or later (Fig. 1b). Fifty-Wve percent (6/11) of the
adverse events were infections. Three of the six infections
were recurrent infections: one patient with recurrent derma-
titis and urinary tract infections with fever, one patient with
recurrent maxillary sinusitis and otitis media and one
patient with recurrent urinary tract infections. Two patients
suVered from persistent infections; one patient had infec-
tious ulcer of the toe and the other patient had Herpes Zos-
ter infection in the left part of the chest. One patient
developed tinea of the palms.

Three of the eleven adverse events leading to discontinua-
tion of the treatment were injection reactions. One patient
had a local injection site reaction after 8 months’ treatment.
A 67-year-old woman had a skin reaction in the legs after 2
months’ adalimumab treatment diagnosed by dermatologist
as a purpura. Another patient had sickliness and intense
headache after fourth and Wfth injections.

Two patients had other adverse events leading to discon-
tinuation of the treatment. One patient had intense sweating
and insomnia and adalimumab was discontinued after 9
months of treatment. In a 33-year-old female, adalimumab
treatment was stopped due to suspicion of mild SLE [rash,
elevated serum DNA-antibodies (297 titer) and lowered
levels of the complement components C3 (0.45 g/l) and C4
(0.04 g/l)].

Discussion

Tampere University Hospital provides specialist care for a
population of about 500.000 in Pirkanmaa Health Care Dis-
trict including city of Tampere. In this area, the treatment of
rheumatic diseases with TNF� antagonists is conWned to
the Center for Rheumatic Diseases, Tampere University
Hospital. All patients (n = 96), treated according to national
guidelines with etanercept or adalimumab as their Wrst bio-
logical treatment for active RA or SpA in the Center for

Table 5 Characteristics of patients treated with adalimumab

DMARD disease modifying antirheumatic drug

At the 
beginning

After 1 year of 
adalimumab treatment

(n = 43) Continued 
(n = 26)

Discontinued 
(n = 17)

Age, years, mean (range) 52 (17–74) 50 (24–70) 56(17–74)

Female (%) 72 73 76

Disease duration, years, 
mean (range)

16 (1–45) 16 (2–34) 17 (1–45)

Number of concomitant DMARDs

0 (%) 7 8 18

1 (%) 32 58 41

2 (%) 26 31 12

3 or more (%) 35 4 29

Glucocorticoid intake (%) 93 73 100

Glucocorticoid dosage, 
mean (mg/day)

7.4 3.6 8.1

Table 6 Adalimumab-treated patients according to their diagnosis

RA rheumatoid arthritis, SpA spondyloarthropathy

Diagnosis At the beginning, 
n = 43

Continuing after 
1 year, n = 26 (60%)

n n (%)

RA 40 23 58

Seropositive 
rheumatoid arthritis

30 15 50

Seronegative 
rheumatoid arthritis

6 4 67

Juvenile idiopathic 
arthritis

4 4 100

SpA 3 3 100

Seronegative 
oligoarthritis

3 3 100

Table 7 Reasons to discontinue 
adalimumab treatment

Reason Number (%)

Lack of eYcacy 4 23

Adverse event 11 65

Other reason 2 12

Total 17 100
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Rheumatic Diseases during the years 1999–2005, were ana-
lyzed in the present survey. The decision to start treatment
with either etanercept or adalimumab was made at the dis-
cretion of an experienced rheumatologist, not as a random-
ized enrolment in a clinical trial, and analysis of the patient
records oVers data of the outcomes of etanercept and ada-
limumab treatment in everyday practice.

In Finland, rheumatologists use commonly combination
DMARD therapy in the treatment of active RA aiming to
achieve remission [12]. According to the national recom-
mendations, TNF� antagonist treatment is started if the
patient has active RA or SpA despite of combination
DMARD therapy. Contrary to randomized, controlled tri-
als, the patients analyzed in the present study had severe,
refractory disease and ongoing treatment with combina-
tions of DMARDs, glucocorticoids and NSAIDs, adjusted
by their rheumatologist. In the present study, the patients
used diVerent combinations of DMARDs in addition to eta-
nercept or adalimumab, and not only MTX which has been
the case in most randomized clinical trials of TNF� antago-
nists.

Loss of patients has been reported quite extensively,
especially in observational studies [13, 14]. In the present
study we were able to retrieve patient stationeries from all
patients who started the treatment with etanercept or ada-
limumab, and there was no loss of patients during the fol-
low-up. Kristensen et al. [15] reported in their study a
better adherence to TNF� antagonist treatment, when a
concomitant DMARD was included in the therapy and this
may have inXuenced the very good compliance to the treat-
ment in the present study. Previous studies also have
reported better response to combination therapy than to
monotherapy [3, 16]. The use of combinations of
DMARDs, as well as severe and active RA or SpA may be
associated with a high risk of adverse events, and that
should be taken into account when interpreting the results
of the present study.

In previous clinical studies with etanercept, after 6
months of treatment with a dosage of 25 mg twice a week,
40% of the patients achieved ACR50 response as mono-
therapy [1] and 69% when combined with methotrexate
after 13 months treatment [3]. In clinical trials with ada-
limumab, 22% of the patients receiving adalimumab as
monotherapy at a dose of 40 mg every other week achieved
ACR50 after 26 weeks [4] and 55% of the patients with
concomitant methotrexate after 6 months of treatment [2].
In the above-mentioned clinical studies patients had failed
to respond to treatment at least with one DMARD. In
observational studies, the continuation rate of etanercept
after 1 year has ranged from 69 to 87% and that of ada-
limumab from 73 to 83% [14, 17, 18]. In the present study,
74% of the patients treated with etanercept and 60% of the
patients treated with adalimumab continued the medication

after 1 year of treatment and achieved at least 50% relief
without adverse events compelling them to discontinue the
treatment. In etanercept group, patients with RA and SpA
had about similar continuation rates, although Carmona
et al. [19] reported a better treatment survival rate in
patients with SpA and Brocq et al. [14] reported the same
for patients with AS. Because of a relatively small number
of SpA patients in the adalimumab group the continuation
rates between diVerent subgroups or diVerent diagnoses
cannot be compared in the present study.

Response to etanercept or adalimumab treatment is usu-
ally evident immediately after two weeks’ treatment, when
32% of etanercept-treated [1] and 35% of adalimumab-
treated [4] RA patients had achieved ACR20 response in
previous clinical studies. Seven patients (50% of discon-
tinuers, 13% of treatment group) in our study treated with
etanercept did not achieve our continuation criteria
(ACR50 or BASDAI > 50%/2 cm), and they discontinued
the medication after 5 months’ treatment. Four patients
(23% of discontinuers, 9% of the treatment group) treated
with adalimumab did not achieve our continuation criteria
(ACR50 or BASDAI > 50%/2 cm), and they discontinued
the medication after 6 months’ treatment. These Wndings
are in accordance with previous studies, where 10% [6] and
15% [13] of the patients discontinued etanercept due to
ineYcacy. Discontinuation rates of 11% [17] and 12% [6]
due to ineYcacy have been reported in observational stud-
ies with adalimumab. Clinical studies with etanercept and
adalimumab monotherapy have shown 15% [1] and 18%
[4] discontinuation rates, respectively, due to ineYcacy,
during 6-month follow-up. It is worth noticing that continu-
ation criteria in the above-mentioned studies have been
mostly ACR20 and not ACR50 as in the present study and
in the clinical practice in Finland. In patients who
responded to the etanercept and adalimumab treatment and
continued the treatment, the mean glucocorticoid dose was
diminished by about 52% among etanercept treatment con-
tinuers and by 44% among adalimumab treatment continu-
ers. The number of concomitant DMARDs could be
diminished during the 1-year follow-up among continuers
in both treatment groups.

There is an increased risk for infections in RA [20, 21]
and the use of conventional DMARDs increases it further
[22]. The use of TNF� antagonists ampliWes the risk for
infections [7]. Severe lung, skin, soft tissue, joint and bone
infections are the most frequently reported severe infec-
tions during etanercept and adalimumab treatment and seri-
ous generalized infections are slightly more probable in RA
patients treated with biological agents than in those treated
with conventional DMARDs [7–9]. In clinical trials, 11%
[3] rate of severe adverse events has been reported in
patients treated with etanercept monotherapy and 12% [4]
and 21% [16] rates for adalimumab monotherapy. In combi-
123
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nation therapy with methotrexate, 13% of the etanercept-
treated patients [3] and 19% adalimumab-treated patients
had severe adverse events [16]. Most of the patients in the
present study (94% with etanercept and 93% with ada-
limumab) had at least one DMARD in addition to etaner-
cept or adalimumab treatment. Only those adverse events
that led to discontinuation of treatment with biologicals
were registered, and they often required either medical
treatment or hospitalization. In the present study, 11% of all
patients treated with etanercept and 26% of all patients
treated with adalimumab were compelled to discontinue the
medication due to an adverse event. Infections were the
most common adverse events reported among patients
treated with adalimumab; 55% (six patients) of the adverse
events leading to discontinuation of the treatment were
infections (14% of all adalimumab-treated patients). In the
case of etanercept only one case of adverse events leading
to discontinuation of the treatment was infection. There are
reports about diVerent molecular eVects for three TNF�
antagonists and possible eVect of this on infection risk [23–
25], which may also contribute to the present results.
Increased risk of skin and urinary tract infection has been
associated with anti-TNF� treatment [7]. In the present
study, one genital herpes infection was registered during
the follow-up in a patient treated with etanercept and one
patient treated with adalimumab had herpes infection in the
left part of the chest. In adalimumab-treated patients also
one recurrent sinusitis, two recurrent urinary tract infec-
tions, one tinea and one infectious ulcer were documented
during the 1-year follow-up. There were no cases of tuber-
culosis, although increased risk of it has been associated
with the treatment with biologicals [26].

Injection site reactions are quite common, but rarely life
threatening adverse events associated with etanercept and
adalimumab treatment [1–4]. According to Hyrich et al.
[6], 0.3% patients discontinued TNF� antagonist treatment
due to injection site reaction and they most frequently
occurred during the Wrst month of the treatment. In the
present study, 6% of the patients discontinued etanercept
and 7% of the patients discontinued adalimumab treatment
due to injection reaction and the reactions occurred mainly
during the Wrst 6 months of treatment, except one reaction
that occurred after 8 months of treatment. In clinical stud-
ies, about 50% injection site reaction rates have been
reported with etanercept monotherapy [1, 3] and 23% with
combination therapy [3]. Patients with adalimumab mono-
therapy had 10% injection site reaction rate [4] and 12%
injection site reaction/pain rate with combination therapy
[2].

In the present study, we found elevated DNA-antibodies
and decreased complement levels and rash in one patient
treated with adalimumab (i.e., SLE-type immunological
alterations). Weinblatt et al. [2] reported patients with

elevated DNA-antibodies, but no symptoms of SLE were
developed. A single case of a patient with drug-induced
SLE during adalimumab treatment has been reported [27].
In addition, one of our patients treated with etanercept,
developed cytopenia during the 1-year follow-up. Hyrich
et al. [6] reported 38 cases of cytopenias in 6,739 patients
and Konttinen et al. [28] four patients with leukopenias in
their analysis of 308 adverse events during TNF� antago-
nist treatment. The European Medicines Agency (EMEA)
and the Committee for Proprietary Medicinal Products
(CPMP) stated (October 3, 2000) that etanercept might
cause leukopenia and that this should be taken into account
when treating patients, although leukopenia is reported
rarely. One malignant disease, ovarial adenocarcinoma,
was diagnosed in an etanercept-treated patient in our
patient material. Malignancies have been reported previ-
ously [14, 28, 29], but the causality to the drug treatment in
the present and earlier reported cases remain open.

In the present study, patients treated with etanercept or
adalimumab had severe, refractory disease despite of ongo-
ing treatment with combinations of DMARDs. Thirty-nine
patients (74%) treated with etanercept and 26 patients
(60%) with adalimumab achieved at least 50% response
when TNF� antagonist was added to their DMARD treat-
ment. Incidence of infections and injection reactions as
adverse events leading to discontinuation of the treatment
were in line with previous reports. Three rare drug-related
adverse events were reported during the follow-up. One
patient with leukopenia and one with immunological fea-
tures of SLE, were both treated with adalimumab. One
patient in the etanercept-treated groups was diagnosed to
have mucous adenocarcinoma of ovary. The results support
the clinical view that combination of DMARDs and TNF�
antagonists is an eVective and relatively safe treatment for
severe and refractory RA and SpA.

Acknowledgments We thank Mrs. Heli Määttä and Mrs. Heli Pik-
kuharju for excellent secretarial help. Clinical rheumatologists and the
staV in the Center for Rheumatic Diseases, Tampere University Hospi-
tal, are gratefully acknowledged. The study was supported by Clinical
Drug Research Graduate School, Finland and the competitive research
funding of the Pirkanmaa Hospital District.

References

1. Moreland LW, SchiV MH, Baumgartner SW, Tindall EA, Fleisch-
mann RM, Bulpitt KJ, Weaver AL, Keystone EC, Furst DE, Mease
PJ, Ruderman EM, Horwitz DA, Arkfeld DG, Garrison L, Burge
DJ, Blosch CM, Lange ML, McDonnell ND, Weinblatt ME (1999)
Etanercept therapy in rheumatoid arthritis. A randomized, con-
trolled trial. Ann Intern Med 130:478–486

2. Weinblatt ME, Keystone EC, Furst DE, Moreland LW, Weisman
MH, Birbara CA, Teoh LA, FischkoV SA, Chartash EK (2003)
Adalimumab, a fully human anti-tumor necrosis factor alpha
monoclonal antibody, for the treatment of rheumatoid arthritis in
123



Rheumatol Int (2008) 28:261–269 269
patients taking concomitant methotrexate: the ARMADA trial.
Arthritis Rheum 48:35–45

3. Klareskog L, van der Heijde D, de Jager JP, Gough A, Kalden J,
Malaise M, Martin Mola E, Pavelka K, Sany J, Settas L, Wajdula
J, Pedersen R, Fatenejad S, Sanda M, TEMPO (trial of etanercept,
methotrexate with radiographic patient outcomes) study investiga-
tors (2004) Therapeutic eVect of the combination of etanercept and
methotrexate compared with each treatment alone in patients with
rheumatoid arthritis: double-blind randomised controlled trial.
Lancet 363:675–681

4. van de Putte LB, Atkins C, Malaise M, Sany J, Russell AS, van
Riel PL, Settas L, Bijlsma JW, Todesco S, Dougados M, Nash P,
Emery P, Walter N, Kaul M, FischkoV S, Kupper H (2004) EY-
cacy and safety of adalimumab as monotherapy in patients with
rheumatoid arthritis for whom previous disease modifying anti-
rheumatic drug treatment has failed. Ann Rheum Dis 63:508–516

5. Braun J, Baraliakos X, Brandt J, Sieper J (2005) Therapy of anky-
losing spondylitis. Part II: biological therapies in the spondyloar-
thritides. Scand J Rheumatol 34:178–190

6. Hyrich KL, Lunt M, Watson KD, Symmons DP, Silman AJ, Brit-
ish society for rheumatology biologics register (2007) Outcomes
after switching from one anti-tumor necrosis factor alpha agent to
a second anti-tumor necrosis factor alpha agent in patients with
rheumatoid arthritis: results from a large UK national cohort study.
Arthritis Rheum 56:13–20

7. Listing J, Strangfeld A, Kary S, Rau R, von Hinueber U, Stoyano-
va-Scholz M, Gromnica-Ihle E, Antoni C, Herzer P, Kekow J,
Schneider M, Zink A (2005) Infections in patients with rheuma-
toid arthritis treated with biologic agents. Arthritis Rheum
52:3403–3412

8. Dixon WG, Watson K, Lunt M, Hyrich KL, Silman AJ, Symmons
DP, British society for rheumatology biologics register (2006) Rates
of serious infection, including site-speciWc and bacterial intracellular
infection, in rheumatoid arthritis patients receiving anti-tumor
necrosis factor therapy: results from the British Society for Rheuma-
tology Biologics Register. Arthritis Rheum 54:2368–2376

9. Salliot C, Gossec L, Ruyssen-Witrand A, Luc M, Duclos M, Guig-
nard S, Dougados M (2006) Infections during tumour necrosis fac-
tor-{alpha} blocker therapy for rheumatic diseases in daily
practice: a systematic retrospective study of 709 patients. Rheuma-
tology (Oxford)

10. Working group set by Finnish Medical Society Duodecim and
Finnish Society for Rheumatology, Helsinki, Finland. (Updated
08.06.2003) Rheumatoid arthritis Current Care Guideline. Finnish
Medical Society Duodecim. Available at http://www.kaypahoito.W
(in Finnish)

11. Felson DT, Anderson JJ, Boers M, Bombardier C, Furst D, Gold-
smith C, Katz LM, Lightfoot R Jr, Paulus H, Strand V (1995)
American College of Rheumatology. Preliminary deWnition of
improvement in rheumatoid arthritis. Arthritis Rheum 38:727–735

12. Mottonen T, Hannonen P, Leirisalo-Repo M, Nissila M, Kautiai-
nen H, Korpela M, Laasonen L, Julkunen H, Luukkainen R, Vuori
K, Paimela L, BlaWeld H, Hakala M, Ilva K, Yli-Kerttula U, Pu-
olakka K, Jarvinen P, Hakola M, Piirainen H, Ahonen J, Palvimaki
I, Forsberg S, Koota K, Friman C (1999) Comparison of combina-
tion therapy with single-drug therapy in early rheumatoid arthritis:
a randomised trial. FIN-RACo trial group. Lancet 353:1568–1573

13. Feltelius N, Fored CM, Blomqvist P, Bertilsson L, Geborek P, Ja-
cobsson LT, Lindblad S, Lysholm J, Rantapaa-Dahlqvist S, Saxne
T, Klareskog L, ARTIS Group (2005) Results from a nationwide
postmarketing cohort study of patients in Sweden treated with eta-
nercept. Ann Rheum Dis 64:246–252

14. Brocq O, Roux CH, Albert C, Breuil V, Aknouche N, Ruitord S,
Mousnier A, Euller-Ziegler L (2007) TNFalpha antagonist contin-
uation rates in 442 patients with inXammatory joint disease. Joint
Bone Spine 74:148–154

15. Kristensen LE, Saxne T, Nilsson JA, Geborek P (2006) Impact of
concomitant DMARD therapy on adherence to treatment with eta-
nercept and inXiximab in rheumatoid arthritis. Results from a six-
year observational study in southern Sweden. Arthritis Res Ther
8:R174

16. Breedveld FC, Weisman MH, Kavanaugh AF, Cohen SB, Pavelka
K, van Vollenhoven R, Sharp J, Perez JL, Spencer-Green GT
(2006) The PREMIER study: a multicenter, randomized, double-
blind clinical trial of combination therapy with adalimumab plus
methotrexate versus methotrexate alone or adalimumab alone in
patients with early, aggressive rheumatoid arthritis who had not
had previous methotrexate treatment. Arthritis Rheum 54:26–37

17. Flendrie M, Creemers MC, Welsing PM, den Broeder AA, van
Riel PL (2003) Survival during treatment with tumour necrosis
factor blocking agents in rheumatoid arthritis. Ann Rheum Dis
62(Suppl2):ii30–ii33

18. Zink A, Listing J, Kary S, Ramlau P, Stoyanova-Scholz M, Babin-
sky K, von Hinueber U, Gromnica-Ihle E, Wassenberg S, Antoni
C, Herzer P, Kekow J, Schneider M, Rau R (2005) Treatment con-
tinuation in patients receiving biological agents or conventional
DMARD therapy. Ann Rheum Dis 64:1274–1279

19. Carmona L, Gomez-Reino JJ, BIOBADASER Group (2006) Sur-
vival of TNF antagonists in spondylarthritis is better than in rheu-
matoid arthritis. Data from the Spanish registry BIOBADASER.
Arthritis Res Ther 8:R72

20. Mutru O, Laakso M, Isomaki H, Koota K (1985) Ten year mortal-
ity and causes of death in patients with rheumatoid arthritis. Br
Med J (Clin Res Ed) 290:1797–1799

21. Doran MF, Crowson CS, Pond GR, O’Fallon WM, Gabriel SE
(2002) Predictors of infection in rheumatoid arthritis. Arthritis
Rheum 46:2294–2300

22. Capell HA (2001) Disease modifying antirheumatic drugs: long-
term safety issues. J Rheumatol Suppl 62:10–15

23. Scallon B, Cai A, Solowski N, Rosenberg A, Song XY, Shealy D,
Wagner C (2002) Binding and functional comparisons of two
types of tumor necrosis factor antagonists. J Pharmacol Exp Ther
301:418–426

24. Nestorov I (2005) Clinical pharmacokinetics of tumor necrosis
factor antagonists. J Rheumatol Suppl 74:13–18

25. Furst DE, Wallis R, Broder M, Beenhouwer DO (2006) Tumor
necrosis factor antagonists: diVerent kinetics and/or mechanisms
of action may explain diVerences in the risk for developing granu-
lomatous infection. Semin Arthritis Rheum 36:159–167

26. Brassard P, Kezouh A, Suissa S (2006) Antirheumatic drugs and
the risk of tuberculosis. Clin Infect Dis 43:717–722

27. van Rijthoven AW, Bijlsma JW, Canninga-van Dijk M, Derksen
RH, van Roon JA (2006) Onset of systemic lupus erythematosus
after conversion of inXiximab to adalimumab treatment in rheuma-
toid arthritis with a pre-existing anti-dsDNA antibody level. Rheu-
matology 45:1317–1319

28. Konttinen L, Honkanen V, Uotila T, Pollanen J, Waahtera M,
Romu M, Puolakka K, Vasala M, Karjalainen A, Luukkainen R,
Nordstrom DC, for the ROB-FIN study group (2006) Biological
treatment in rheumatic diseases: results from a longitudinal sur-
veillance: adverse events. Rheumatol Int 26:916–922

29. Hyrich KL, Silman AJ, Watson KD, Symmons DP (2004) Anti-tu-
mour necrosis factor alpha therapy in rheumatoid arthritis: an up-
date on safety. Ann Rheum Dis 63:1538–1543
123

http://www.kaypahoito.fi


Rheumatol Int

DOI 10.1007/s00296-009-1203-1

ORIGINAL ARTICLE

InXiximab treatment in patients with rheumatoid arthritis 
and spondyloarthropathies in one rheumatological center: 
two years’ drug survival

Tiina Levälampi · Markku Korpela · 
Katriina Vuolteenaho · Eeva Moilanen 

Received: 2 July 2009 / Accepted: 13 September 2009
©  Springer-Verlag 2009

Abstract The aim of the present study was to determine
the drug survival during 2 years’ follow-up in patients
(n = 104) with active rheumatoid arthritis (RA) or spond-
yloarthropathy (SpA) who were treated with inXiximab as
their Wrst biological anti-rheumatic drug in a single rheuma-
tological center. According to the national guidelines,
inXiximab was added to the treatment with combinations
of traditional disease-modifying anti-rheumatic drugs
(DMARD). Patients’ records were analyzed at baseline and
after 2 years of follow-up. The response to treatment was
determined inadequate if the response was lower than
ACR50 (American College of Rheumatology 50) in RA or
the reduction of Bath Ankylosing Spondylitis Disease
Activity Index (BASDAI) was lower than 50% or 2 cm in
SpA. Drug survival in inXiximab-treated patients after
2 years was 40%, and among those who continued with the
therapy the prednisolone dose has been reduced by 52%.
Discontinuation rate was 60% during 2 years of follow-up,
where 7% achieved remission and 22% of the patients were
regarded as poor responders. As much as 24% of the
patients discontinued due to an adverse event, mainly
infections and hypersensitivity reactions. Two drug-related

leukopenias were diagnosed. In the present study, inXix-
imab therapy was initiated in RA or SpA patients who had
active disease despite ongoing treatment with combinations
of DMARDs. The drug survival with inXiximab was 40%
after 2 years of follow-up. During the 2-year follow-up,
60% discontinued inXiximab treatment, mainly due to
unsatisfactory or waning eYcacy or a severe adverse event.

Keywords InXiximab · Rheumatoid arthritis · 
Spondyloarthropathies · Adverse events

Introduction

Tumor necrosis factor alpha (TNF�) modulator inXiximab
has been shown to be eVective, antierosive and well toler-
ated in the treatment of rheumatoid arthritis (RA) [1–4] and
spondyloarthropathies (SpA) [5, 6] in clinical trials. It is
routinely used in the everyday practice when traditional
DMARDs are not suYciently eVective. Although inXix-
imab is generally safe and well tolerated, sometimes the
treatment must be discontinued due to adverse events [1–3,
6–10], mainly infections [11–14] and hypersensitivity reac-
tions [14, 15]. In addition, inadequate or waning eYcacy
complicates drug survival in inXiximab-treated patients [8,
10, 14, 16].

Many clinical trials use ACR20 as the criteria for contin-
uation of inXiximab treatment, while in Finland the criteria
for continuation has been set as ACR50 or a better response
[17]. According to the national guidelines [17], TNF�
antagonist treatment is indicated if the patient suVers from
continuously active disease despite the treatment with com-
binations of traditional disease-modifying antirheumatic
drugs (DMARD), including methotrexate. In addition, a
TNF� antagonist is usually added to the treatment with one
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or more DMARDs (see “Patients and methods”). In the
present study, our interest was to analyze data from patients
with active and refractory RA or SpA in a single rheumato-
logical center, who received inXiximab as their Wrst biolog-
ical treatment in combination with DMARDs on clinical
grounds according to the national guidelines. We have
recently published a 6 months’ follow-up data, on RA and
SpA patients receiving inXiximab as their Wrst biological
drug, focusing on adverse events and other reasons for dis-
continuation of the treatment [18]. In the present study, we
wanted to extend our analysis to drug survival up to 2 years
in the same cohort. We deWned the number of patients who
achieved at least 50% response and continued the treatment
with inXiximab, the number of patients who discontinued
the treatment and the reason for the discontinuation, and
listed the adverse events leading to discontinuation of the
treatment.

Patients and methods

In the present study, 104 patients with active RA or SpA
were treated with inXiximab as their Wrst biological treat-
ment in the Department of Internal Medicine, Center for
Rheumatic Diseases of the Tampere University Hospital,
Finland. Indication for the commencement of inXiximab
treatment was based on the national recommendations
[17]. The criteria to start inXiximab treatment for RA was
that the patient suVered from continuously active RA
[at least six swollen and tender joints, the duration of
morning stiVness of at least 45 min, and/or erythrocyte
sedimentation rate (ESR) ¸30 mmHg, and/or serum
C-reactive protein (CRP) ¸28 mg/l] despite treatment
with combinations of traditional DMARDs including
methotrexate and glucocorticoids [17]. In patients with
ankylosing spondylitis (AS), the criteria to start inXix-
imab treatment were: (1) ineYciency of treatment with at
least two nonsteroidal anti-inXammatory drugs (NSAIDs)
over at least 3 months; (2) sulphasalazine (methotrexate
if sulphasalazine contraindicated) or possibly other
DMARDs had been ineVective, and (3) the patient had an
active disease based on Bath Ankylosing Spondylitis
Disease Activity Index (BASDAI) (¸4 cm) and on clini-
cal grounds [acute sacroiliitis, elevated acute phase reac-
tants, magnetic resonance imaging (MRI) Wndings]. In
the other spondyloarthropathies, such as psoriatic arthri-
tis (PsA) or inXammatory bowel disease (IBD)-associ-
ated arthritis, there were no deWned criteria to start
treatment with biologicals, but the decision was made on
clinical grounds by an experienced rheumatologist based
on the severity of arthritis and the inXammatory axial dis-
ease, and on criteria available for RA and SpA.

InXiximab was given intravenously at a dose of 3 mg/kg
in weeks 0, 2, 6 and every 8 weeks thereafter. The response
determined whether the dose was elevated or lowered, or
the infusion intervals shortened or lengthened. InXiximab
was combined usually with methotrexate and in many cases
with other DMARDs (mostly sulphasalazine or hydroxy-
chloroquine) and low-dose prednisolone. The clinical
response was carefully followed and registered by an expe-
rienced rheumatologist at each visit. In RA, the evaluation
included ACR (American College of Rheumatology)
response criteria [19] containing the number of swollen and
tender joints, the physician’s assessment of disease activity
(VAS, Visual Analog Scale, 0–10 cm), patient’s assess-
ment of general health (VAS), pain (VAS) and HAQ
(Health Assessment Questionnaire), and markers of acute
phase activity (ESR and CRP). A treatment response lower
than ACR50 was regarded as ineVective. In SpA, the clini-
cal response included BASDAI and BASFI (Bath Ankylos-
ing Spondylitis Functional Index), and the treatment was
regarded as ineVective if the reduction in BASDAI index
was lower than 50% or less than 2 cm.

The drug treatment in addition to inXiximab, i.e., gluco-
corticoids, DMARDs and NSAIDs, was documented. In the
case of withdrawal, the reason (adverse event, ineYciency,
remission or other reasons) was registered, and cases in
which a severe adverse event caused the discontinuation of
the treatment were reported to the National Agency of
Medicines (NAM).

Results

Patients

In the present study, we analyzed drug survival in patients
with active and refractory RA or SpA (n = 104) treated
with inXiximab as their Wrst biologic drug at the Center
for Rheumatic Diseases, Tampere University Hospital
during the years 1999–2005. The mean age was 45 years
(range 18–75), 64 patients (62%) were female and the
mean disease duration was 12 years (range 0.8–52)
(Table 1). One or more concomitant DMARDs in addition
to inXiximab were used in 95% of the patients and 91%
were receiving glucocorticoids in accordance with the
national recommendations for inXiximab treatment
(Table 1). A total of 62 (60%) patients had RA, including
seropositive disease in 37, seronegative in 15 and juvenile
idiopathic arthritis (JIA) in 10 patients (Table 2). A total
of 42 (40%) patients had SpA with ankylosing spondylitis
in 18, PsA in 8, seronegative oligoarthritis in 5, entero-
pathic arthritis in 4, reactive arthritis in 4 and sacroiliitis
in 3 patients (Table 2).
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Drug survival in inXiximab-treated RA and SpA patients

At the 2 years’ time point, 41 (40%) patients had achieved
at least a 50% treatment response and the treatment was
still ongoing (Table 1). In nine of them, the inXiximab
treatment was, however, transiently halted during the
2 years’ follow-up due to a speciWc reason (one infection,
Wve remissions, one migraine, one loss of eYcacy, and one
adverse event from another drug). During 2 years of

follow-up, the inXiximab treatment had been discontinued
in 62 patients (60%) (Table 1). One patient moved to
another district and was lost from the follow-up. After
2 years, 23 (37%) RA patients and 18 (44%) SpA patients
were still continuing the inXiximab treatment (Table 2). In
those patients in this group, the number receiving glucocor-
ticoid treatment declined from 93 to 78% and the mean
equivalent dose of prednisolone from 10.2 § 1.1 to 4.7 §
0.54 mg/day (mean § SEM p < 0.0001) during 2 years of
inXiximab treatment.

The reasons for discontinuation of inXiximab treatment
during the 2 years of follow-up are shown in Table 3. Dur-
ing the 2 years’ follow-up, 14 patients achieved remission
lasting at least 6 months. However, 7 out of the 14 patients
re-initiated inXiximab treatment during the follow-up due
to disease activation, and thus 7 patients were still in remis-
sion without inXiximab treatment at the 2 years’ time point.

The treatment was withdrawn from 23 (22%) patients
due to poor eYcacy. Six patients discontinued the treatment
already during the Wrst 7 months because an adequate

Table 1 Characteristics of the patients treated with inXiximab

One patient was lost during the follow-up (moved to another district)

DMARD disease-modifying antirheumatic drug

At the beginning After 2 years inXiximab treatment

Started Continued Discontinued

All All All Remission Inadequate 
response

Adverse 
event

Other 
reason

(n = 104) (n = 41) (n = 62) (n = 7) (n = 23) (n = 25) (n = 7)

Age, years, mean (range) 45 (18–75) 44 (22–74) 48 (22–76) 44 (22–59) 43 (29–62) 51 (23–75) 55 (24–71)

Females (%) 62 49 71 86 57 76 86

Disease duration, years, mean (range) 12 (0.8–52) 15 (3–31) 13 (1–53) 12 (1–26) 10 (2–23) 15 (2–53) 15 (3–29)

Number of concomitant DMARDs

0 (%) 5 7 13 0 4 20 28

1 (%) 37 37 35 57 35 32 29

2 (%) 29 19 31 29 26 36 29

3 or more (%) 29 37 21 14 35 12 14

Glucocorticoid intake (%) 91 78 84 71 91 88 100

Glucocorticoid dose (mg/day) 10 4.8 7.8 3.9 10.4 9.1 9.5

Table 2 InXiximab-treated patients according to the diagnosis

RA rheumatoid arthritis, SpA spondyloarthropathy
a Arthritis associated with Crohn’s disease or ulcerative colitis

Diagnosis At the 
beginning

Continuing 
after 2 years

n = 104 n = 41 (40%)

n n %

Rheumatoid arthritis 62 23 37

Seropositive rheumatoid arthritis 37 9 24

Seronegative rheumatoid arthritis 15 8 53

Juvenile idiopathic arthritis 10 6 60

Spondyloarthropathies 42 18 44

Ankylosing spondylitis 18 8 42

Psoriatic arthritis 8 2 25

Seronegative oligoarthritis 5 3 60

Enteropathic arthritisa 4 2 50

Reactive arthritis 4 2 50

Sacroiliitis 3 1 33

Table 3 Reasons for discontinuing inXiximab treatment

a Percentage of patients who discontinued the medication

Reason Number Percenta

Remission 7 11

Lack of eYcacy 23 37

Adverse event 25 40

Other reasons 7 11

Total 62 100
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response was not attained. Seventeen patients, who initially
exhibited an appropriate response were forced to discon-
tinue due to decreasing eYcacy.

In 25 (24%) patients, inXiximab was discontinued due
to an adverse event (Table 4). Of the adverse events, 9
were infections and 14 were hypersensitivity reactions.
Two patients discontinued inXiximab treatment due to
leukopenia. In Wve patients, inXiximab was discontinued
for other reasons, i.e., intention to conceive (n = 2), tech-
nical diYculties in vein cannulation (n = 2) and maxillary
sinus operation (n = 1). Two patients died during the
follow-up, one after cerebral infarction and one after
myocardial infarction.

Infections

Nine patients with infections were compelled to discon-
tinue inXiximab treatment during the 2 years’ follow-up.
Most of these infections appeared during the Wrst year, and
only one thereafter (after 22 months of treatment). Five of
the nine infections were pneumonias. One pneumonia
patient suVered for several months from Xuctuating fever
and dyspnea, and she was eventually diagnosed to have
mediastinal tuberculosis.

Two cases of septic arthritis appeared during the follow-
up, one patient with arthritis in the ankle joint caused by
Staphylococcus aureus and another with arthritis in the
knee caused by Staphylococcus species. One patient had a
generalized infection with elevated CRP (145 mg/l) with no
clinically evident infection focus being detected (Table 4).
One 75-year-old female patient suVered from an asymp-
tomatic recurrent urinary tract infection and inXiximab
treatment was discontinued.

Hypersensitivity reactions

Of the 25 adverse events that required the discontinuation
of the inXiximab treatment, 14 were hypersensitivity reac-
tions (Table 4), including acute infusion reactions such as
urticaria, rash, itching or edema in 11 and delayed hyper-
sensitivity reactions in 3 patients. All hypersensitivity reac-
tions were reduced after discontinuation of the inXiximab
infusions and glucocorticoid treatment. Three patients did
not receive ongoing glucocorticoid treatment at the time of
the hypersensitivity reaction.

Other adverse events

Two patients developed leukopenia related to inXiximab
and the treatment was discontinued. In one 58-year-old
patient, with neutrophils 1.4 £ 109/l, conventional DMARDs
(sulphasalazine and methotrexate) were Wrst discontin-
ued without improvement. Discontinuation of inXiximab

infusions resulted in a favorable response and leukocyte
levels became normalized. Another patient experienced
recurrent leukopenia (neutrophils 1.1 £ 109/l). Discontinu-
ation of conventional DMARDs had no eVect, and leukopenia
was only relieved after discontinuation of the inXiximab
treatment.

Discussion

The treatment of rheumatic diseases with biologicals in Pir-
kanmaa Health Care District, including the city of Tampere
(serving a population of about 500,000), is concentrated at
the Center for Rheumatic Diseases, Tampere University
Hospital. In the present study, all the patients (n = 104)
treated with inXiximab as their Wrst biological treatment for
active RA or SpA according to the national guidelines dur-
ing 1999–2005 in the Center for Rheumatic Diseases, were
analyzed. InXiximab treatment was started for patients with
active disease according to the discretion of an experienced
rheumatologist, not as a randomized enrollment in a clini-
cal trial. Thus, this analysis of the patient records provided
data of the outcomes of inXiximab treatment in everyday
practice at one rheumatological center.

The main goal in the treatment of active RA is to achieve
and maintain remission with a combination of anti-rheu-
matic drugs [20, 21]. According to the national guidelines,
inXiximab treatment is added to a combination DMARD
therapy when patients have severe and refractory RA
despite active treatment with traditional DMARDs. Con-
trary to the situation in randomized clinical trials, the
patients in the present survey had severe and aggressive
disease despite ongoing treatment with combinations of
two or more DMARDs (not only MTX, which is the case in
most randomized clinical trials with TNF� inhibitors). In
addition, the doses and numbers of glucocorticoids and
NSAIDs were adjusted by the treating rheumatologist.

In the present study, we were able to retrieve patient
records during the 2 years’ follow-up from all patients who
started the treatment with inXiximab, except for one subject
who moved to another district. A signiWcant loss of patients
during follow-up is quite a common phenomenon in many,
especially observational, studies [22–24]. Concomitant
DMARDs, especially methotrexate, when combined with
biological treatment, enhance compliance to the treatment
[25] and this may have inXuenced the very good adherence
to the treatment also in the present survey. Combination
therapy with methotrexate and inXiximab achieved a better
response than methotrexate or inXiximab as monotherapy
[2–4]. As mentioned previously, combination therapy with
two or more DMARDs is widely used in Finland [20, 21]
and a biological drug is frequently used to supplement com-
bination DMARD therapy. In our previous study, we have
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shown that in patients with refractory RA or SpA, the addi-
tion of etanercept or adalimumab to a combination of tradi-
tional DMARDs resulted in good, as well as a favorable
treatment response, during 12 months’ follow-up [26].

In the initial clinical randomized studies, Maini et al. [1]
reported continuation rates up to 91% with ACR20 criteria
after 30 weeks of inXiximab treatment depending on the
dose and infusion intervals. In the study of Lipsky et al. [2],
a continuation rate of 79% was reported after 54 weeks of
treatment. In observational studies, continuation rates are
usually lower than in clinical randomized trials; 66% of the
patients continued inXiximab infusions after 1 year [8], and
after 2 years’ intervention 67% [9] and 73% [10] drug sur-
vival rates were reported. In the study of Buch et al. [14]
only 27 out of 174 patients (16%) continued inXiximab
treatment at the 24 months’ time point. In the present study,
40% of the patients continued with inXiximab treatment
after the 2 years’ follow-up since they had achieved at least
a 50% response without any severe adverse event or other
reason requiring discontinuation of the treatment. In addi-
tion, 7 (7%) of 104 patients had discontinued inXiximab
treatment due to remission.

In the present study, the continuation rate was 35% in
RA patients and 44% in SpA patients. Although the diVer-
ence was small, it conWrms the results obtained in previous
studies. In a Spanish study, SpA patients had a 33% lower
probability to discontinue the biologicals than RA patients
[27]. Recently, Heiberg et al. [28] reported a higher contin-
uation rate among patients with AS or PsA versus RA
patients. In some clinical trials, inXiximab has been given at
higher doses and/or shorter intervals to patients with SpA
than in patients with RA [6, 7]. In the present study, inXix-
imab treatment was started at a dose of 3 mg/kg also in SpA
patients and, if needed, the dose was increased and/or the
infusion interval was adjusted in conjunction with the
response. Accordingly, Braun et al. [7] concluded in their
review that often a dose of 3 mg/kg is adequate also in SpA
patients. However, there are data showing that increasing
the inXiximab dose in SpA patients after 36 weeks of treat-
ment from 5 to 7.5 mg/kg achieved no better eYcacy [6].

The response to inXiximab treatment is evident already
after 2 weeks of treatment, when over 50% of the RA
patients have been reported to achieve ACR20 response [1].
There is probably some variation in the onset time of the
response, and the eVect of the drug treatment can also wane
with time. It was recently reported that in RA an increase in
frequency of infusions may contribute to a more constant
eVect than an increase in the dose [29]. In the study of
Figueiredo et al. [16], nearly 40% of the RA patients
required an increase of the dose or a shortening of the inter-
val between the inXiximab infusions or both to maintain
relief of symptoms. In the present study, the average dis-
continuation time among the 23 patients with an inadequate

response was 11 months after treatment initiation. Accord-
ing to the patients’ records, 6/23 patients discontinued the
treatment due to inadequate response during the Wrst
7 months, and 17/23 patients had an appropriate response at
the beginning, but discontinued the treatment later because
of waning eYcacy. Buch et al. [14] reported also that some
patients could not maintain an already achieved response at
later time points. In observational studies, the rate of dis-
continuation due to ineYcacy varies between 9.2 and 11%
[8, 10, 16]. In clinical studies, discontinuation rates due to
ineYcacy are around 10% [1, 2]. It is worth noticing that
the continuation criteria in those studies have been mostly
set as ACR20 and not ACR50 as in the present study,
which is the clinical practice in Finland.

The formation of antibodies against inXiximab has been
reported in clinical trials [1, 3], and anti-inXiximab antibod-
ies are more often found in patients with reduced response
[30]. In addition, there is also evidence of the association
between antibody formation and increased inXiximab clear-
ance [31]. In the present study, antibodies against inXix-
imab were not measured. It is possible that the dissipating
eYcacy was due to decreased concentrations of active
inXiximab as a result of the formation of inXiximab–anti-
body complex or to diVerences in the metabolism of inXix-
imab in individual patients [32].

In the present study, only those adverse events that led to
discontinuation of inXiximab treatment were registered.
Those were serious and often required either medical treat-
ment or hospitalization. During the 2 years’ follow-up, 24%
of all patients were compelled to discontinue the medica-
tion due to adverse events. Infection was responsible for
discontinuation of the treatment in 9% of the patients. In
RA, there is an increased risk for infections [33, 34]. Tradi-
tional DMARDs have been reported to further elevate the
risk [35–37], but there are also contradictory Wndings [38].
Biologicals have also a tendency to increase the risk of
infections [11, 39, 40] in RA patients. We observed in the
present study a higher number of infections, which caused
discontinuation of treatment during the Wrst year of treat-
ment than in the second year. These data are in agreement
with the results of Curtis et al. who reported a fourfold
greater risk of infections during the Wrst 6 months of inXix-
imab treatment [39]. The most frequently occurring severe
infections during inXiximab treatment are pulmonary, skin,
soft tissue, joint and bone infections, and also septic infec-
tions are slightly more probable in RA patients treated with
biological agents than in those treated with conventional
DMARDs [11–13, 40]. Oral glucocorticoids have also been
reported to elevate the risk of infections in patients with RA
even at a dose less than 5 mg/day [35, 37, 38]. In active and
severe RA or SpA, the use of biologicals in addition to
combinations of DMARDs and oral glucocorticoidsis is
probably associated with a high risk for infections and this
123
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should be taken into account clinically and when interpret-
ing the results of the present study.

Hypersensitivity reactions appear to be related to inXix-
imab infusions quite often, but these are usually benign. In
previous reports, hypersensitivity reactions have been a
notable reason for discontinuation of inXiximab treatment,
and they have most frequently occurred during the second
to fourth infusion [14, 15] manifesting as urticaria, rash,
itching and dyspnea. In the clinical study of Maini et al. [1],
hypersensitivity reactions appeared most commonly during
the Wrst infusion. In our study, 13% of the patients had to
discontinue inXiximab treatment due to a hypersensitivity
reaction and half of these reactions occurred during the Wrst
6 months. In the present study, three patients with a hyper-
sensitivity reaction did not receive glucocorticoid treatment
in addition to the inXiximab and DMARDs. Augustsson
et al. [41] reported that daily low-dose glucocorticoids low-
ered the risk of treatment-limiting infusion reactions to
inXiximab.

In previous studies, only a few cases of leukopenias have
been reported [9, 42–44]. In the present study, two patients
developed leukopenia during the 2 years of follow-up. In a
recent analysis of 1,440 patients with rheumatic disease
who were treated with a biological drug, four patients with
leukopenias were reported [45].

In the present study, RA and SpA patients with active
disease despite ongoing treatment with combinations of
DMARDs were treated with inXiximab as their Wrst biolog-
ical drug. Drug survival after 2 years of follow-up was
40%, when ACR50 (or 50% reduction in BASDAI) was set
as the response criteria. As compared to our previous
results with 6 months’ follow-up [18], drug survival
decreased, mainly due to waning eYcacy and an increasing
number of adverse events. Infections and hypersensitivity
reactions were the most common adverse events, which
were responsible for the discontinuation of treatment. In
addition, two patients with drug-related leukopenia were
diagnosed.
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