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ABSTRACT

The history, main issues and results of
the two tight control CAMERA (Com-
puter-Assisted Management in Early
Rheumatoid  Arthritis)  studies are
described. The first CAMERA study
showed favourable and superior effects
of a tight control methotrexate-based
strategy, compared to that of a conven-
tional methotrexate-based strategy. In
CAMERA-II, the results were even bet-
ter when adding 10 mg prednisone daily
for 2 years to the methotrexate-based,
tight control strategy. In all, the CAM-
ERA studies have shown good results in
the treatment of early RA patients with
conventional anchor drugs, aiming for
remission, making use of a feasible and
simple computer decision program.

Introduction and history

The two CAMERA (Computer-Assist-
ed Management in Early Rheumatoid
Arthritis) clinical trials were research
activities of the Utrecht Rheumatoid
Arthritis Cohort study group. This in-
volves a Dutch ongoing collaboration
between the University Medical Center
Utrecht and surrounding non-university
hospitals, which started in 1989 as the
Rheumatic Research Foundation Utre-
cht (SRU). The first investigations of
the SRU indicated that treatment with
disease-modifying anti-rheumatic drugs
(DMARDSs) should be initiated immedi-
ately after diagnosis of rheumatoid ar-
thritis (RA), instead of applying the tra-
ditional pyramid model, beginning with
non-steroidal anti-inflammatory drugs
(NSAIDs) only (1). Thereafter, we
showed that methotrexate (MTX) is the
most effective conventional DMARD
with the least toxicity (2), in line with
results of other research groups.

Based on these observations, we ap-
plied MTX as anchor drug in the first
CAMERA study (3), one of the earli-
est treat-to-target studies, aiming for
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remission. Its research question was
whether an MTX-based tight control
strategy would yield better results than
the conventional MTX-based strategy
at that time. In this study more patients
with early RA in the tight control MTX
strategy group compared to the conven-
tional MTX strategy group achieved at
least one period of remission. Results
of another Utrecht study documented
that glucocorticoids have disease modi-
fying properties in early RA (4), again
in agreement with other studies. The
observations of these two clinical tri-
als led to the second CAMERA study
(CAMERA-II), with the main research
question of whether prednisone would
still have disease modifying and symp-
tom controlling properties in early RA,
when a tight control MTX-based strat-
egy was applied (5).

This article summarises the main is-
sues and results of the two tight control
CAMERA studies.

The first CAMERA study

This was a two-year randomised, open-
label prospective multicentre treatment
strategy trial (3). Patients had been in-
cluded in this study between 1999 and
2003. At study entry all 299 patients
fulfilled the 1987 revised American Col-
lege of Rheumatology (ACR) criteria
for RA (6), had a symptom duration of
less than 1 year, and were DMARD- and
glucocorticoid-naive. Patients were ran-
domised to either a tight control MTX-
based treatment strategy (n=151), based
on computer guided monthly assess-
ments of predefined response criteria,
or to a conventional MTX-based strat-
egy (n=148), based on regular clinical
practice with three-monthly visits. Both
strategies were aiming at remission.
For both strategies, data on swollen
joint count (SJC), tender joint count
(TIC), both assessing 38 joints, eryth-
rocyte sedimentation rate (ESR), and
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visual analogue scale (VAS) for global
health were collected by the rheuma-
tologist at every visit. In the tight con-
trol strategy these data were entered
at each monthly visit into a computer
decision program by the rheumatolo-
gist. The program calculated whether
or not there was a >20% improvement
(defined as >20% improvement in SJC
and in > two out of TJC, ESR, and
VAS), compared to previous visit one
month earlier and whether or not there
was remission (defined as SJC=0 and >
two out of this three criteria: TIC <3,
VAS =20 mm, ESR <20 mm/h'*') (Fig.
1). If neither a >20% improvement or
remission was present, the strategy was
intensified according to protocol. For
the conventional strategy, dose adjust-
ments were performed based on the
opinion of the treating rheumatologist
(mainly focused on the SJC) at each 3-
monthly visit.

Both strategies started with oral MTX
7.5 mg/wk, which could be stepped up
in steps of 5 mg/w towards a maximum
oral MTX dose of 30 mg/wk. This was
followed, if needed, by switching from
oral to subcutaneous MTX (scMTX)
and, as next step, by adding cyclospo-
rine to the MTX medication.

If patients fulfilled the criteria for sus-
tained remission, defined as remission
for at least three months, MTX was re-
duced stepwise by 2.5 mg/week as long
as patients met the remission criteria;
otherwise the dose of MTX was con-
tinued or increased again according to
protocol. At baseline and subsequently
yearly, joint damage was assessed on
radiographs of hands and feet.
Seventy-six (50%) patients in the tight
control strategy group achieved at least
one period of sustained remission dur-
ing the two year trial (the primary out-
come), versus 55 patients (37%) in the
conventional strategy group (p=0.03).
Areas under the curve for nearly all
clinical disease activity variables were
significantly lower — that is, there was a
better clinical effect — for the tight con-
trol strategy group compared with the
conventional strategy group. In both
strategy groups, approximately 50%
of patients did not progress regarding
radiological joint damage over the two
years. For the other 50%, there was a

Patiéntnummer:99

Tender joint count (38):12
swollen joint count (38):8
Patient's global (vAs): 33 (0-100)

Bezinking: 34

Fl=hulp

Bezoeknummer:6

>input

> output

Fig. 1. The CAMERA studies computer decision program.

In the input section, patient number (“Patiéntnummer”), visit number (“Bezoeknummer”), tender joint
count assessing 38 joints (TJC), swollen joint count assessing 38 joints (SJC), patient’s global visual
analogue scale (VAS) and erythrocyte sedimentation rate (ESR, “Bezinking”) are imputed.

In the output section, at the arrows, the result regarding > 20% improvement compared to previous visit
one month earlier (“Tov vorig bezoek 20% beter”) is given as yes (“ja”) or no (“nee”), and whether there
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is remission (“Remissie”) yes (“ja”) or no (“nee”).

>20% improvement was defined as >20% improvement in SJC AND (Boolean) >20% improvement in

> two out of this three: TJC, ESR, and VAS.

Remission was defined as SJC=0 AND (Boolean) > two out of this three criteria: TJIC <3, VAS <20 mm,
ESR <20 mm/h™. On these results, protocolised strategy steps were based. Programmer: JWG J.

trend toward less progression in the
tight control strategy group, compared
to the conventional strategy group.

We concluded that tight control treat-
ment with MTX, aiming for remission,
resulted in a better outcome over two
years and that the computerised deci-
sion program could be a helpful tool in
daily clinical practice.

In an analysis of adverse events (7),
we found that more patients in the tight
control strategy group than in the con-
ventional strategy group had experi-
enced MTX-related adverse-effects, but
that most adverse effects were relatively
mild. MTX-related adverse-effects were
associated with a higher body mass in-
dex, diminished creatinine clearance
and increased serum liver enzymes at
baseline. Furthermore we showed that
switching from oral to scMTX had been
a useful strategy step in the tight control
strategy of the first CAMERA study,
whereas the cyclosporine strategy step
had been ineffective (8). Good response
to treatment at 6 months in the first
CAMERA trial predicted significantly
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better 5-year clinical and radiographic
outcomes (9), corroborating the “win-
dow-of-opportunity” hypothesis.

The second CAMERA study
(CAMERA-II)

In this 2-year, prospective, randomised,
placebo-controlled, double-blind, mul-
ticentre trial, all 236 patients with early
RA (symptoms <1 year) were treated
with an MTX-based tight control strat-
egy and were randomly assigned to
prednisone 10 mg per day or placebo-
prednisone (5). The research questions
were whether prednisone would still
have symptom controlling and disease
modifying properties in early RA (4),
when a tight control MTX-based strat-
egy is applied, and whether the clini-
cal results of the first CAMERA study
could be improved with prednisone.
MTX treatment was in both groups tai-
lored to the individual patient at month-
ly visits on the basis of predefined re-
sponse criteria aiming for remission, ap-
plying the same variables and the same
computer decision program as used in
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the first CAMERA study (Fig. 1). The
MTX step-up strategy was identical to
that of the first CAMERA study, except
for the starting dose of 10 mg MTX per
week. Shortly after the trial was started,
the protocol was amended: adalimumab
replaced cyclosporine as a last strategy
step, to be added to the maximum dos-
age of scMTX (Fig. 2). This amend-
ment was based on our finding of lack
of effect of the cyclosporine strategy
step in the first CAMERA study (8).
The primary outcome was radiographic
erosive joint damage after 2 years. Sec-
ondary outcomes involved remission,
improvements in disease activity and
physical disability, and the need to add
adalimumab to the treatment strategy.
After the 2-year trial, prednisone was
tapered and stopped, if possible.

In CAMERA-II, erosive joint damage
after 2 years was limited as in the first
CAMERA study, but it was significant-
ly less in the strategy group receiving
MTX and prednisone (n=117), com-
pared to the strategy group receiving
MTX and placebo (n=119). The cumu-
lative probability plot of erosion scores
at 2 years (Fig. 3) showed that 78% of
all patients in the MTX and prednisone
strategy group versus 67% in the MTX
and placebo strategy group were still
erosion-free; of those who did have ero-
sions, erosion scores were higher in the
MTX and placebo strategy group.

A somewhat higher number of patients
had at least 1 period of sustained remis-
sion (remission for at least 3 months)
in the MTX and prednisone strategy
group: 72% vs. 61% in the MTX and
placebo strategy group. The time until
the first sustained remission was sig-
nificantly shorter in the MTX and pred-
nisone strategy group (6 months) than
in the MTX and placebo strategy group
(11 months).

The MTX and prednisone strategy also
was significantly more effective in re-
ducing disease activity and physical
disability: faster and greater improve-
ments compared to the improvements
in the MTX and placebo strategy. Dur-
ing the trial, 14% of patients of the
MTX and prednisone strategy required
the adalimumab strategy step versus
36% of patients of the MTX and pla-
cebo strategy, not only a statistically

Adalimumab (if needed)

30 mg/wk
25 m ?r\:\?kw if > 3 months
20 m /v?k MTX step-up remission:
15 m /m?k (last step: s.c.) step-down: {
¥ 2.5 mg/visit

start: 10 mg/wk MTX

random: prednisone 10 mg/day or placebo

time

at end of study: stop

Fig. 2. The CAMERA-II tight control step-up strategy.

If not >20% improvement or remission, the strategy was intensified according to this scheme. If patients
had remission for at least three months (sustained remission), MTX was reduced stepwise by 2.5 mg/
week as long as patients met remission criteria; otherwise the dose of MTX was continued or increased
again according to protocol. Prednisone was tapered at the end of the study and stopped, if possible.

Fig. 3. The cumulative probability
plot of erosion scores in CAMERA-
II at 2 years.

MTX+plac: the MTX-based strategy
with placebo-prednisone;
MTX+pred: the MTX-based strategy
with prednisone.

The plot displays the Sharp—van der
Heijde scores for erosions (range, 0 to
280) on the Y-axis for individual pa-
tients, ranked along the x-axis (range
0-100% of patients). Each symbol
is one patient. Of the patients in the
MTX+pred strategy 78% vs. 67% in
the MTX+plac strategy was still ero-
sion free at 2 years and erosion scores
of the latter strategy group were also
generally higher. The median erosion
score at 2 years was significantly less
in the MTX+pred strategy.

MTX + plac
MTX + pred

67%

60 80 100
cumulative % of patients

significant result, but also clinically
relevant to reduce cost.

Adverse events were similar in both
groups, with exception of weight gain
during the 2 year trial which was 2.9
kg in the MTX and prednisone strategy
group versus 1.3 kg in the MTX and
placebo strategy group, p=0.03. How-
ever, in an additional analysis, weight
gain in the MTX and prednisone strat-
egy seemed largely attributable to a re-
duction of disease activity (10), which
was significantly greater in the MTX
and prednisone strategy. The percent-
age of visits at which =1 adverse effect
was reported was significantly lower
with the MTX and prednisone strategy,
29% versus 35%. Mean non-fasting se-
rum glucose levels after 2 years and the
percentages of patients in each group
who had higher (>1.0 mmol/L) serum
glucose levels at 2 years compared
with baseline values were not statisti-
cally significantly different between
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the 2 groups. In both groups, 1 patient
developed diabetes.

In the MTX and prednisone strategy
group, significantly less frequent nau-
sea and significantly fewer elevations
of serum transaminases were seen, like-
ly attributable to the significantly lower
mean MTX dose during the trial in this
strategy group: 15 mg/week versus 19
in the MTX and placebo strategy group.
The addition of 10 mg prednisone daily
to the MTX-based tight control strat-
egy had not led to bone loss. In both
strategy groups — which received also
a bisphosphonate, calcium and vitamin
D — a small increase in lumbar BMD
during the first year of treatment was
found (11).

We concluded that inclusion of low-to-
medium dose prednisone in an MTX-
based tight control strategy in early RA
improves patient outcomes and is MTX
and anti-tumour necrosis factor therapy
sparing.
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Discussion

The results of the CAMERA studies
show that with more intensive tight
control strategies, early RA is con-
trolled better, i.e. that outcomes are
better. Furthermore, they corroborate
the European League Against Rheu-
matism (EULAR) recommendation to
initiate therapy in early RA with a syn-
thetic DMARD, preferentially MTX,
to which therapy a glucocorticoid may
be added (Fig. 4) (12). The response to
treatment at 6 months in the first CAM-
ERA trial predicting significantly better
S-year clinical and radiographic out-
come underlines the EULAR recom-
mendation to perform a major switch in
the treatment strategy in early RA if the
target of treatment is not reached after
3—6 months (9).

The results document that very good
treatment results are attainable in early
RA with the inexpensive anchor drugs
MTX and prednisone. This message is
especially comforting in economically
distressed times and for developing
countries.

However, we do not advocate long-term
use of 10 mg prednisone daily. Further
research steps could be to investigate
whether lower doses of prednisone
would have similar efficacy when added
to an intensive MTX-based tight control
strategy, whether the symptomatic and
disease modifying effects of glucocorti-
coids would also be present when initi-
ated in patients with RA of longer dura-
tion than 2 years, and whether predni-
sone could be given for shorter periods
without losing symptomatic and disease
modifying effects. Other clinical tri-
als showing disease modifying effects
at lower doses of prednisone were not
tight control studies and applied predni-
sone for 1 or 2 years in early RA, so do
not answer these questions.

It is remarkable that glucocorticoids,
which have been proven tobe DMARDs
in early RA, have not been included in
the 2012 update of the 2008 American
College of Rheumatology recommen-
dations for the use of disease-modify-
ing antirheumatic drugs and biologic
agents in the treatment of rheumatoid
arthritis (13, 14). This is in contrast to
the EULAR 2010 recommendations for
the management of rheumatoid arthritis

no contraindication MTX

Diagnosis RA

MTX contraindicated

I+

tart leflunomide,
i.m. gold
Qr sulphasalazine

I+

Golo no achieve target | yeg
phase 2 — within3-6 —— | Continue
months

Fig. 4. The first phase of therapy as described in the 2010 EULAR recommendations for the manage-
ment of rheumatoid arthritis with synthetic and biological disease-modifying anti-rheumatic drugs (12).
GC: glucocorticoid, e.g. prednisone; i.m. gold: intramuscular gold therapy; target: the treat-to-target
goal: low disease activity or (preferentially) remission.

4 -

0

Fig. 5. Contribution to the DAS28 of the individual components of DAS28

Y-axis: units of the disease activity score assessing 28 joints (DAS28), x-axis: 0 - maximum range for
each of the plotted variables. ESR: erythrocyte sedimentation rate (0-140 mm/Ist hour); TIC: tender
joint count (0-28); SJC: swollen joint count (0-28); VAS-GH: visual analogue scale for general health
(0-100; 100=worst score). Tender joints have a contribution to DAS28 twice that of swollen joints;
greatest changes in contribution of ESR to DAS28 are in lower ranges (and also in clinically not rel-

evant, normal ranges) of ESR.

DAS28=0.56 V(TIC) + 0.28 V(SIC) + 0.70 In(ESR) + 0.014 VAS GH

with synthetic and biological disease-
modifying anti-rheumatic drugs (12).

In our CAMERA studies, intensifica-
tion of treatment was performed, if
there was not >20% improvement in
disease activity variables, at least SJIC
assessing 38 joints including ankles and
feet, compared to the previous visit one
month earlier. This was determined in a
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standardised way by using a computer
program. In other studies, strategy
changes often are based on the disease
activity score of 28 joints (DAS28).
For treat-to-target, we did not use the
DAS28 — which has not properly been
validated for this purpose, DAS28 has
been validated for evaluation groups
of patients — because of drawbacks of
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the instrument. Joints of ankles and feet
are not included in the DAS28. This
seems on the group level (evaluation
of group effects in clinical trials) not
to be a problem, but on the individual
patient’s level it has been shown to po-
tentially lead to misclassification of dis-
ease activity (15), e.g. resulting in false
positive estimations of remission (16).
In other words, increasing the risk of
falsely assuming remission while there
is active RA in ankles and feet. How-
ever, one could argue that in the absence
of a generally accepted gold standard,
there will always be disagreement on
what constitutes remission, implicating
that misclassification of remission thus
is arbitrary.

Reliability of DAS28 in the individual
patient can be questioned especially if
there is concomitant fibromyalgia, as
has been shown by others (17), or if
there are tender points, even in the non-
fibromyalgia range, as shown by our
group (18), inducing false negative es-
timations of remission. In other words,
increasing the risk of falsely assuming
there is no remission of RA while in
fact there is. To improve the specificity
of assessing remission in individuals in
DAS28-guidedindividual treat-to-target
strategies, one could add to the DAS28
criterion of remission the criterion of
absence of any swollen joint assessing
all frequently in RA involved joints, or
allowing only one swollen joint, like
the Boolean definition of the 2011 re-
mission criteria (19). When in doubt of
arthritis, ultrasonography could be ap-
plied. Also, it is wise to not only look
at the DAS28, but also at its individual
components, which contribute to the
DASZ28 in unexpected ways (e.g. tender
joints having an impact twice that of
swollen joints (Fig. 5). This is not the
case for the clinical disease activity in-
dex (CDAI) and the simplified disease
activity index (SDAI), which again like
DAS28 have the drawback of only as-
sessing 28 joints (20).

In summary, the CAMERA studies
have shown good results in the treat-
ment of early RA patients with conven-
tional anchor drugs, aiming for remis-

sion, applying a feasible, simple and
face valid computer decision program.

Key message

Tight control treatment with the treat-
to-target aim of remission using com-
puter decision software is feasible and
effective in early RA-patients with
MTX-based strategies, especially when
prednisone is added.
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