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This thesis comprises qualitative and quantitative research around three important topics in 

the field of modern rheumatoid arthritis treatment: 1) combination therapy, a treatment 

strategy in which different drugs are combined to give better response and improved outcome 

compared to single DMARD therapy (monotherapy); 2) monitoring strategies, regular 

measurements (monitoring) of disease activity and subsequent adjustment of therapy to 

achieve better disease control; and 3) remission, the so called ‘absence of disease’. 

Section I presents research around implementation of the original COBRA combination 

therapy; section II introduces an intensified combination therapy, combined with a new 

monitoring strategy. The concept of combination therapies as well as monitoring strategies is 

based on the knowledge that early intervention with a powerful therapy can prevent long term 

damage and improve outcome. The third topic of this thesis, remission, is also related to 

improved outcome, as this is the ultimate goal of treatment in rheumatoid arthritis. Section III 

of this thesis shows that achieving remission leads to improved outcome, but that the concept 

of remission is not as straightforward as ‘the absence of disease’.  

 

SECTION I: IMPLEMENTATION OF COBRA THERAPY 

Chapters 1.1 to 1.5 constitute the body of this thesis, all revolving around the legacy of the 

COBRA trial
1,2

. The results of this trial that contributed to a changing view on treatment of 

patients with RA, were not automatically picked up by practitioners, nor implemented in 

clinical practice. The reasons for this were investigated in two phases.  

 

Attitudes and opinions of rheumatologists and patients towards COBRA therapy 

(Chapters 1.1 & 1.2) 

In the first phase, the attitude of physicians towards COBRA therapy was measured through a 

small questionnaire, sent to every rheumatologist in The Netherlands. From the responses we 

learned that COBRA therapy was regarded as effective and safe, but also complicated to 

administer. Remarkably, the overall attitude of rheumatologists towards COBRA therapy was 

positive, the majority of responding rheumatologists did not intent to prescribe COBRA 

therapy in the near future. These results gave us a first indication of the contradictory feelings 

around the use of COBRA therapy
3
.  

 

In the second phase, we organised focus group discussions with both patients and 

rheumatologists (in separate groups). For rheumatologists, these focus group discussions 

confirmed the results found in the first phase of this study, but provided more in-depth 

information that was nessecary to understand the discrepancies between attitude and 

intention. Rheumatologists were positive about the effectiveness of COBRA therapy, but 

highly concerned about their patients’ possible negative reaction to the large amount of pills to 

be prescribed. Doctors feared to fail in the eyes of their patients in prescribing such a 

disagreeable therapy. In addition, rheumatologists perceived lack of time explaining and 

prescribing COBRA therapy and felt uncomfortable prescribing high doses of prednisolone
4
. 

On the other hand, patients were positive about an aggressive combination therapy such as 

COBRA therapy, and they had no qualms taking many pills if this would give immediate relief 

or might improve their prognosis. Patients associated prednisolone with negative side effects 

(especially affecting looks), but they were also aware of its benefits and the need of 

prednisolone in rough times. Patients stated they based their opinions on their own 

experience at the start of the disease and concluded that taking a lot of pills is better than the 

pain and constraints they faced with the disease. A decrease in the amount of pills after a 

period of intensive treatment was highly appreciated.  A limitation of this research was the 

disease duration of the patients; most patients had more than 10 years of experience with the 

disease and were diagnosed in a time when not many treatments were available. They 
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experienced a lot of pain, limitation of function and damage of joints. Currently, patients with 

inflammation or swelling in only a few joints can be recognised as RA (or soon to be RA) and 

are directly treated effectively.  

Nevertheless, results of the focus groups with patients showed that if the disease is 

aggressive, patients are more than willing to undergo a temporary period of taking many pills 

and even prednisolone if this improves their function and prognosis. 

An important issue for rheumatologists was the lack of scientific comparison between COBRA 

therapy and their current first choice of treatment (mostly methotrexate (MTX) with sometimes 

low-dose bridging prednisolone). Independent of this thesis, a trial has been designed and 

started in Amsterdam (the so called COBRA-light trial) to investigate the difference between 

the original COBRA therapy and a light-version with a lower dose of prednisolone, a higher 

dose of MTX and no sulfasalazine (SSZ). 

 

11-year follow up of the COBRA cohort (Chapters 1.3 & 1.4) 

Rheumatologists also indicated they were worried about the long term effects of the initial 

high dose prednisolone. In response, we performed a long-term follow up study of the 

COBRA trial. This study revealed that there were no real differences in long term outcome 

between the two treatment groups that could be contributed to the initial study drugs. Mortality 

in the COBRA group was numerically lower, and cardiovascular and other major comorbidities 

similar to that in the SSZ group. The prevalence of hypertension and diabetes were 

increased, but offset by a decrease in hypercholesterolemia. Prevalence of osteoporosis was 

also highly comparable. Moreover, after 10 years of therapy at the discretion of the treating 

physician, benefits on the disease itself, as previously demonstrated in damage progression 

after 5 years are maintained and perhaps even continue to increase after COBRA therapy, 

depending on how one deals with the selective drop-out. Unfortunately, every long-term follow 

up study is faced with patients that are lost to follow up. In our study, more patients with a 

poor prognosis in the SSZ group were lost to follow up compared with the loss to follow up in 

the COBRA group. Linear imputation of missing data according to every patient’s individual 

progression rate was the closest we could come to a best estimate of a difference in 

progression rates between the groups. Caution has to be taken when imputing missing data; 

bias can easily be introduced. Using ‘a last observation carried forward’ approach for example 

would assume no progression of radiographic damage in the patients that were lost to follow 

up. Linear imputation of data assumes a linear relationship between time and progression, 

which is also not applicable to every patient. However, the bias introduced by selective drop-

out is also unacceptable. For that reason, we chose to present two models; the model with 

selective drop-out, in which the SSZ group and COBRA group have an equal progression 

rate, although the Sharp/van der Heijde score at every time point in the COBRA group is over 

4 points below the SSZ group; and the model with linear imputation of missing data showing a 

continued benefit in terms of a significant delay in progression rate between the COBRA 

group and SSZ group. Most importantly, the research presented in Chapter 1.3 shows 

COBRA therapy is as safe as other anti rheumatic therapies.  

 

The data collection of such a long follow up of RA patients gave us the opportunity to 

investigate predictors of long term RA outcome. Baseline predictors are important, because 

this gives rheumatologists the opportunity to identify patients with a poor prognosis in an early 

stage of the disease. Previous research on the COBRA dataset highlighted the predictive 

ability of bone markers reflecting bone and cartilage degradation resulting from joint 

destruction in RA: high baseline levels of urinary excretion of C-terminal cross linking of type-I 

and type-II collagen (CTX-I and CTX-II) independently predict an increased risk of radiological 

progression over 5 years
5
; moreover, the individual CTX-II response of patients measured 
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after 3 months of therapy independently predicts long-term radiographic progression
6
. 

Another marker for bone loss (or more specifically for osteoclast activation) is the ratio 

between receptor activator of nuclear factor-κB ligand (RANKL) and osteoprotegerin (OPG). 

Geusens and colleagues showed in the follow up data of the COBRA trial that low baseline 

OPG:RANKL-ratios of early untreated RA patients could predict radiological progression
7
. 

In chapter 1.4, we show that CTX-I, CTX-II and the RANKL:OPG ratio are strong, 

independent predictors of annual radiological progression over 11 years in data of the 

COBRA trial. The identification of patients with high baseline levels of CTX-I, CTX-II and 

especially a high RANKL:OPG ratio can help to estimate the severity of the disease and point 

to indication for aggressive treatment. It is a shortcoming of our study that anti-CCP was not 

measured in this cohort since anti-CCP is one of the strongest predictors of radiological 

damage
8-11

. The predictive ability of CTX-I, CTX-II and the RANKL:OPG ratio should be 

further investigated in a multivariate model including anti-CCP. Furthermore, as there is 

evidence from animal models that the inhibition of RANKL could prevent new erosions to 

occur
12

, it is important to investigate the effect of different treatment strategies on the 

RANKL:OPG ratio alongside the longitudinal development of new erosions. 

 

Design and pilot testing of an implementation plan (Chapter 1.5) 

After we had evaluated all aspects of COBRA therapy from the patient and rheumatologist 

point of view, as well as the long term effects on disease progression, we designed an 

implementation strategy. The central question in this practical part of our research was how to 

make it easier and more agreeable for rheumatologists, patients but also arthritis nurses to 

use COBRA therapy in clinical practice. Many clues for improvement of daily use by 

rheumatologists as well as patients were extracted from the rich data gathered during focus 

group discussions. Rheumatologists felt COBRA therapy is complicated and takes a lot of 

time to prescribe. Furthermore, they felt that patients might object to the use of a large 

amount of pills, including prednisolone. To ease the workload, we made a patient information 

booklet, including visual aids to explain the therapy, clear tables on the intake of the different 

drugs and pre-printed prescriptions to speed up the prescribing process. We also 

disseminated the results of the patient focus groups, in which patients explained that the 

temporary use of a large amount of pills or prednisolone was acceptable, as long as this 

would take away their immediate complaints and improve their prognosis. To further improve 

the patients comfort while using COBRA therapy, the patient information material also 

contained an interview, in which a fictional early RA patient explained her feelings during 

diagnosis and start of COBRA therapy. The content of this interview was also derived from 

the focus group discussions with patients, and was used in the booklet to give patients a 

positive boost when starting this therapy. We provided a group of motivated rheumatologists 

and arthritis nurses with this implementation material and asked them to prescribe COBRA 

therapy to their patients using the supplied material. All parties, rheumatologists, patients and 

nurses, evaluated the material and gave very positive judgements. The website, containing 

the patient information material as well as all the scientific research around COBRA therapy 

presented at congresses, articles and this thesis, is currently online at www.cobratherapy.nl. 

With this pilot study, the material is ready to be implemented in clinical practices around the 

world. 

 

To investigate the impact of our COBRA implementation study, digital pharmacies can help to 

quantify the increase in number of specific prescriptions. We intent to measure the amount of 

COBRA prescriptions well before start, and well after closure of this study by running a query 

on the amount of prescriptions of a combination of SSZ, MTX and prednisolone for the 
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diagnosis of RA. Importantly, we will do this well after the publication of this thesis, to prevent 

biased results due to a temporary focus on COBRA therapy. 

  

SECTION II:  COBRA-CTX STUDY 

Parallel to the implementation study described above, the growing literature on effectiveness 

of monitoring strategies made us wonder about the benefits of a modified COBRA treatment, 

complemented with a monitoring strategy. Several studies showed the effectiveness of 

monitoring on disease activity
13-16

, but other studies show that damage progression may be 

partially independent of disease activity, leading to the hypothesis that clinical disease activity 

and radiological damage are mediated by different disease processes
17

. It has been 

suggested that uncoupling of damage progression and disease activity occurs in patients 

without clinical benefit that still show slowing of progression
18,19

, and conversely in patients in 

clinical remission that still show progression
20

. In this setting, monitoring on a more direct 

marker of radiological progression might be more beneficial.  

 

The COBRA-CTX-II pilot trial (Chapter 2.1 & 2.2) 

Joint damage in rheumatoid arthritis is reflected by bone and cartilage degradation. As 

discussed in chapter 1.4, two markers that have been identified to measure the extent of bone 

and cartilage degradation are CTX-I and CTX-II
21

. In data of the COBRA trial, CTX-II was able 

to predict radiological progression over 5 years follow up better than rheumatoid factor, 

baseline damage and disease activity
5,6;22

. Furthermore, a level of CTX-II could be identified 

below which almost no further radiological progression occurred and which is similar to levels 

of healthy controls
23

. This made us hypothesize that CTX-II might be more useful as a monitor 

for treatment intensification than disease activity measured by the 28 joint count DAS. 

To investigate the feasibility to test such a hypothesis in a clinical trial setting, we performed a 

pilot trial comparing monitoring strategies based on either frequent measurement of DAS28 or 

of urinary excretion of CTX-II. Patients were randomised to be monitored by either strategy, 

with an intensification of therapy if the DAS cut point or the CTX-II cut point was not achieved. 

To make sure that all patients were treated effectively, everyone received an intensified 

version of the COBRA therapy, added with hydroxychloroquine from baseline and intensified 

with increasing dosage of MTX if the cut point was not reached at 8 weeks and introduction of 

infliximab if the cut point was not reached by 21 weeks. 

This intensive treatment strategy, in combination with strict monitoring, proved to be feasible 

and resulted in 90% of patients reaching a state of DAS remission, the highest remission rate 

reported in the literature up to date
24

. In contrast, a CTX-II remission was less easily attained, 

and was independent of more aggressive treatment intensification in the CTX-group.  

The high remission rate in our study is best explained by the intensive treatment schedule. 

Compared to previous trials, more drugs were used at higher doses, and treatment could be 

intensified as early as 8 weeks into the trial.  

 

We also showed that this intensive conventional DMARD therapy, including initial high dose 

prednisolone according to the COBRA schedule can rapidly decrease both IgM rheumatoid 

factor (RF) and anti-CCP serum levels by more than 50% during this pilot trial. Rapid 

decreases in RF have also been documented in the original COBRA trial and by several 

others
25-30

 but to our knowledge, such profound decreases of anti-CCP during treatment of 

early RA patients have not been described before. Since the presence of RF and anti-CCP 

antibodies in early disease are associated with more severe disease and rapid radiological 

progression
31,32

, monitoring anti-CCP levels alongside disease activity might increase the 

efficacy of treatment strategies aimed at preventing damage and disability. 
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The effect of CTX-II monitoring on radiological progression could not be evaluated due to the 

small amount of patients and the large differences in baseline Sharp/van der Heijde scores 

between the patients. A limitation of this study is its open approach and small sample size. 

Allocation to monitoring strategy was blinded, but study personnel and patients were aware 

that treatment consisted of a very effective therapy. This may have exaggerated response, 

but a 90% remission rate is unlikely to be caused by expectation bias. Despite the preliminary 

nature of a pilot trial, these results strengthen the suggestion that intensive conventional 

treatment including initial high oral prednisolone, and infliximab add-on where necessary, can 

lead to new levels of disease control in early RA. 

 

These results support the organisation of a larger trial, in which the effect of CTX-II monitoring 

on radiographic progression can be studied, and the effectiveness and safety of the treatment 

strategy further investigated. 

 

SECTION III: ACR/EULAR/OMERACT REMISSION INITIATIVE 

A third development described in this thesis is the increasing state of confusion around the 

best way to define remission in RA. In the COBRA-CTX-II-study mentioned above, 90% of 

patients reached DAS28 remission, but only 45% reached remission defined by the ACR 

criteria. Recent studies that measured remission using several different definitions all 

encounter the same problem: the use of different definitions to measure remission in RA lead 

to different results in remission rates, invalidating comparisons between trials 
33-35

. 

 

Defining remission in rheumatoid arthritis (Chapter 3.1 & 3.2) 

The ACR, EULAR and the OMERACT initiative decided to join forces to work towards a new 

uniform definition of remission with optimal performance in clinical trials and feasibility in 

clinical practice (although these definitions might not be exactly the same). An international  

committee of experts in the field of remission was invited to discuss on the research agenda, 

resulting in the first boundaries for a future definition of remission; experts felt that a strict 

definition was necessary, unlike the DAS28 that allows for joints in the feet to be swollen or 

painful
36

. Furthermore, it was felt that the remission definition should be validated against 

radiographic progression and function: a good definition should be able to differentiate 

between patients with continued progression or worsening of function and patients with 

improved outcomes. Because it was unknown to what extent current definitions of remission 

are able to differentiate between these states, we reviewed the literature on the relationship 

between remission and long term radiological progression and function. This showed that all 

patients that reach a state of remission, defined in various ways, have an improved outcome. 

It also highlighted the complexity described above; patients in clinical remission can still show 

progression and especially during biologic treatment, patients with continued disease activity 

can still show a halt of radiological damage, suggesting an alternative pathological process. 

More research is needed to study this ‘disconnect’ hypothesis and to explain the difference in 

response to DMARD versus biologic treatment. At this moment, datasets of RA clinical trials 

from around the world are being analysed to study which variables have the best 

measurement properties and are suitable candidates to include in a future remission 

definition. 

 

THE WAY FORWARDS 

COBRA therapy is effective, safe, and with the proper material easy to use in clinical practice 

by patients as well as rheumatologists and arthritis nurses. Moreover, national implementation 

of COBRA therapy as a first choice for newly diagnosed RA patients with an aggressive 

arthritis is sensible, not only from a medical perspective, but also from an economic and 
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patient point of view. Since COBRA therapy is a combination of inexpensive, generic drugs, it 

is a highly cost-effective treatment of early RA. Patients would benefit from implementation of 

COBRA therapy, because this therapy gives them a better prognosis than DMARD 

monotherapy. Therefore, it is highly recommended to rheumatologists around the world to 

advice COBRA therapy to active RA patients on first presentation. In case of failure of 

response, patients can rapidly switch to a biological in combination with methotrexate, since 

the conditions set by some national authorities to have failed on at least two DMARDs have 

been met. This strategy ensures fast, effective as well as cost-effective treatment for early 

active RA patients, increasing their chances on regaining their quality of life and preventing 

long term damage to their joints. 

 

When effective therapy is combined with frequent measurements of a marker of disease 

activity, the treatment of patients that do not respond well can be rapidly adjusted. We have 

shown that a larger study is feasible and necessary to study the effectiveness and safety of 

intensified COBRA therapy, and the effectiveness of a monitoring strategy based on bone 

degradation markers. And instead of focussing solely on CTX-II as a marker of cartilage 

degradation, we have shown that combined measurements of RANKL:OPG and CTX-II might 

be even more important when aiming for long term damage arrest. Research is needed to 

investigate the response of RANKL:OPG to effective treatment. If this marker behaves similar 

to CTX-II, a future monitoring trial could clarify their sole or combined role as indicators of 

improved long term outcome in RA patients. The response of RANKL:OPG to treatment in our 

pilot study is therefore one of the first on our research agenda. In the meantime, research has 

shown the benefit of monitoring on the DAS; implementation of this monitoring strategy is very 

important and should soon be a standard in all hospitals that care for RA patients.   

 

Development of a new remission definition is a big challenge, giving the uncertainties around 

the pathological pathway of bone destruction and the optimal way to measure inflammation. 

Despite these uncertainties, research shows that all currently available remission definitions 

lead to a more favourable outcome on the long term. I would therefore recommend to 

continue to aim for remission in a way that is feasible at the local care-giving facilities, while 

closely monitoring the progress of the expert committee on the definition of remission. The 

combined expertise of both ACR, EULAR and OMERACT provide the ultimate environment to 

create and implement a new measure of remission for both trials and clinical practice.   
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KEY FINDINGS 

-  COBRA therapy is not very popular with rheumatologists because they feel it is a 

complicated and time consuming therapy to prescribe and believed to be feared by 

patients 

-  Patients have no objections to an initial aggressive therapy including initial prednisolone or 

many pills, as long as it is temporary and improves their prognosis.  

-  COBRA therapy is as safe as other anti rheumatic therapies on the long term and might 

even benefit patients 11 years after treatment initiation 

-  Providing rheumatologists and patients with tailored information material facilitates the use 

of COBRA therapy in clinical practice 

-  Markers of bone and cartilage degradation measured before start of treatment are strong 

predictors of future radiological damage 

-  To prevent future radiological damage, a trial with intensified COBRA therapy and 

monitoring strategy based on bone marker (CTX-II) measurements is feasible; moreover, 

such a trial is warranted, given the uniquely high remission rates and sharp decreases of 

rheumatoid factor and anti-CCP observed in our pilot study 

-  Currently available remission definitions in RA generally predict favourable long term 

outcome, but the definition of remission in RA is unsatisfactory. An international committee 

of experts in the field of remission is charged with the task to redefine remission in RA. 
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