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ABSTRACT
Radiographic progression is one of the
most important outcome measures in
rheumatoid arthritis (RA) clinical tri -
als, because it reflects historic disease
activity, is associated with loss of func -
tion over time, and can be reliably as -
s e s s e d. Trials involving patients with
early inflammatory arthritis (EIA) will
d i ffer from those focusing on RA
patients in many respects. They include
a heterogeneous spectrum of patients,
and some of them will have self-limit -
ing art h ri t i s , or art h ritis with a low
l i kelihood of ever becoming ero s ive.
Furthermore, because of the early pre -
sentation a high proportion of patients
with a high likelihood of erosions will
still be non-ero s ive at pre s e n t at i o n ;
and since EIA trials will aim at perma -
nent clinical remission induced by ther -
apy, the signs of progression will be
very subtle.
Current radiographic scoring methods
m ay not be sensitive to the small
changes that are expected to occur in
EIA trials. This makes ra d i ograp h i c
p rogression a rather unlike ly single
primary outcome in such trials. How -
eve r, “ p e rmanent clinical re m i s s i o n ”
(with or without therapy) appears to be
a most realistic outcome in such trials,
and radiographic stability (the demon -
s t ration of “no progression”) may
serve as a key criterion in establishing
whether the endpoint of perm a n e n t
clinical remission is actually met. The
moment at wh i ch the fi rst ero s i o n
develops is also important in making
the correct diagnosis and has implica -
tions for the prognosis. We pro p o s e
here a number of recommendations for
the use of radiographic progression as
one of the obl i gat o ry outcome mea -
sures in clinical trials with EIA.

Introduction
Radiographic progression is considered
one of the most important outcome
measures in rheumatoid arthritis (RA),

because it assesses the potential of
(new) anti-rheumatic drugs to prevent
structural damage or to slow its occur-
rence. 
Measuring structural damage is impor-
tant for seve ral reasons. Fi rs t , m a ny
studies have now convincingly shown
that the level of radiographically de-
monstrable damage of the joints is in-
creasingly associated with a significant
and irreversible loss of function once
the disease proceeds (1-3). Therefore,
in order to preserve function in RA pa-
tients, it seems rational to aim at drug
t re atment to minimise ra d i ograp h i c
p rogression. Secondly, and perhap s
even more import a n t ly, ra d i ograp h i c
damage is the result of chronic inflam-
m ation in the joints (3-6), wh i ch
implies that radiographic damage re-
flects the level of “historic” disease ac-
tivity in a particular patient. The rela-
tionship between disease activity and
ra d i ographic progression is far fro m
absolute (both patients with high levels
of disease activity without radiographic
damage, and patients without measur-
able disease activity and steady pro-
gression are occasionally observe d ) ,
but in general the demonstration of a
slowing or arrest of radiographic pro-
gression during a time interval will
imply that disease activity was low dur-
ing this time interval. Th i rd, ra d i o-
graphic progression has some proper-
ties that make it an attractive measure-
ment instrument in clinical trials with
RA patients: radiographic progression
generally occurs slowly but gradually,
without a high level of va ri at i o n , o r
stays at a zero-level. The level of radi-
ographic damage at a certain time point
can be fairly precisely predicted from
the previous recording, and progression
can be re l i ably (rep ro d u c i bly) mea-
sured, with an acceptable level of inter-
reader va ri ability and other types of
error (7).
As stated in a number of articles earlier
in this supplement, early inflammatory
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arthritis (EIA) is not the same as RA. In
the present article, we will elaborate on
the question as to whether radiographic
progression will become a useful out-
come measure in clinical trials with
EIA, as it is in RA. We will therefore
compare different features of RA and
EIA, judge the appropriateness of cur-
rent scoring methods with respect to
this goal, and outline how radiography
can best be used in EIA. 

Do the RA scoring methods allow
the assessment of radiographic 
progression in EIA?
Several scoring methods are available,
with which it is possible to assess the
l evel of ra d i ographic progression. In
clinical trials, the Larsen scoring me-
thod (8) and even more frequently the
( m o d i fied) Sharp scoring method (9)
are used. These scoring methods assess
the level of damage (erosions and joint
space narrowing) per joint on X-rays of
the hands and feet according to pre-
specified criteria (e.g. the Sharp me-
thod assigns an erosion score of 0 to 5,
and a joint space narrowing score of 0
to 4 per small hand joint), but only in
those joints that have proven to be sus-
ceptible to change, and that can be reli-
ably assessed. An important and per-
haps even decisive difference between
RA and EIA is that patients with EIA
often present with arthritis of only one
or a few joints, that certainly will not
always include the small joints of the
hands or feet (10). The implication is
that the possibility of identifying radio-
graphic damage in EIA by routine X-
rays of hands and feet will be lower
compared to RA, which has many more
joints invo l ve d. This could interfe re
with the statistical power needed to de-
tect diffe rences in ra d i ographic pro-
gression in clinical tre atment tri a l s ,
which will be discussed further below. 
In RA, radiographic progression in the
hands and feet has been shown to ap-
p ro p ri at e ly re flect the progression of
damage in the larger joints (11, 12),
which are considered to be more im-
portant in determining physical func-
tion than the small joints of the hands
and feet. This is why scoring X-rays of
the hands and feet, a properly validated
assessment technique, suffices in clini-

cal trials with RA patients. It is,howev-
er, anything but obvious that these ob-
s e rvations can be extended to EIA.
Apart from an RA-like type of arthritis,
with a relatively high tendency to show
radiographic damage in the hands and
feet, the spectrum of EIA may include
all kinds of transient arthritides, undif-
ferentiated chronic monoarthritides, as
well as spondyloarthropathy-like types
of oligo a rt h ritis (often with invo l ve-
ment of the large joints of the lower ex-
tremities), that may have a far lower
tendency to radiographic damage in the
hands and feet. As a consequence, the
c o nventional va l i d ated scoring meth-
ods for assessing radiographic damage
in RA will pick up damage in an signi-
ficantly lower proportion of patients in
an EIA cohort. 
One may consider the option of using
x-rays of the affected (large) joints in
o rder to score progression (the so-
called “index joint”). There are howev-
er nu m e rous arguments against this
option. First, it takes more time to see
ch a n ges in large joints compared to
small joints, which makes it a less sen-
sitive measure in early disease; second,
scaling pro p e rties limit their useful-
ness; third, little info rm ation on the
usefulness of an index joint to assess
s t ru c t u ral damage is ava i l able; and
fo u rt h , the low likelihood of ra d i o-
graphic damage in single joints other
than those located in the hands and feet
(except perhaps for the RA-like type of
EIA) interferes with the sensitivity of
picking up a signal at all, although it
should be noted that the sensitivity of
the accepted scoring methods primarily
depends on the sum score of all the
scored joints. 

Patterns of radiographic 
progression in EIA
EIA cohorts have a number of charac-
t e ristics that diffe re n t i ate them fro m
RA cohorts. Fi rs t , as alre a dy men-
tioned, the spectrum of EIA may in-
clude a fair ly high number of different
presentations of arthritis, which makes
an EIA cohort much more heteroge-
neous than an RA cohort. Second, the
d u ration of complaints/signs will be
much shorter in an EIA cohort. Third,
the level of disease activity, measured

by joint counts, levels of acute phase
reactants and other parameters, will be
lower than in “classical” RA cohorts
( e s p e c i a l ly RA tre atment cohorts) of
clinical trials. These disparities will
have important theoretical consequen-
ces for the assessment of radiographic
progression as an outcome measure in
clinical trials with EIA patients.
The heterogeneity of an EIA cohort
implies that only a proportion of pa-
tients will present with an RA-like type
of (poly)arthritis with an accompany-
ing high level of inflammatory activity,
i.e., a patient cohort prone to radiogra-
phic progression. In the Leiden early
arthritis cohort (described elsewhere in
this issue), wh i ch included pat i e n t s
with arthritis in at least one joint, 60%
of patients proved to have self-limiting
disease (13). Only 15% of patients had
erosions in hand and/or foot joints at
baseline (10), and only a minority of
the patients who did not have erosions
at baseline developed them over a peri-
od of 2 years. The classical RA clinical
trial with radiographic progression as
the primary outcome includes patients
with a high level of inflammatory activ-
i t y, and often with an unfavo u rabl e
prognosis, such as the presence of ero-
sions at baseline and/or rheumat o i d
factor. The criterion of erosions – still
the most important determinant of fur-
ther damage – is included in the set of
classification criteria for RA (14), so
that every cohort of RA patients (obser-
vational or trial cohort), unlike a cohort
with EIA patients, bears a natural like-
lihood for radiographic progression. 
M a ny authors have emphasised the
average linear course of radiographic
progression in RA (15-17), with which
they refer to a common causal back-
ground. It is unlikely that this observa-
tion can be extended to EIA. First, the
average linear course in RA does not
reflect the individual patient, for there
may be a heterogeneity of patterns of
progression forming a spectrum with
“no progre s s i o n ” and “ a c c e l e rat i n g
progression” at either extreme, and all
patterns of acceleration and decelera-
tion in between (18). 
Most progression may occur within the
first 2 years (19, 20), but occasionally
RA patients develop erosions only
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years after the first clinical presentation
(21). Notwithstanding this heterogene-
ity, the concept of linearity of radio-
graphic progression in RA can still be
defended, by referring to a common pa-
t h o p hy s i o l ogical back gro u n d. Th e
greater heterogeneity of arthritis pre-
sentations in an EIA cohort, however,
makes it likely that radiographic pro-
gression will show a bimodal, rather
than a more continuous distri bu t i o n
pattern (as in RA):Probably, the largest
proportion of patients (>70%?) will not
show progression at all, and will not
have a tendency to become erosive over
time. Therefore, radiographic progres-
sion will be a fe at u re of a minori t y
only. It will probably make no scientif-
ic sense (no face validity) to try and
describe the average course of radio-
graphic progression in the entire EIA
cohort in one model (either linear or
not). 
There is a (theoretical) second reason
to argue against the linearity of radio-
graphic progression, both in RA and
EIA cohorts. The observations of linea-
rity of progression in RA were made in
cohorts of patients treated with conven-
tional disease modifying dru g s
(DMARDs). These drugs may slow ra-
diographic progression, as demonstrat-
ed at the group level, but cannot stop it,
and the average course of radiographic
p rogression may be a gra d u a l ly in-
creasing one. Putatively, the introduc-
tion of T N F - bl o cking drugs has
ch a n ged this picture : T N F - bl o ck i n g
drugs have now consistently shown that
they are able to arrest further progres-
sion, both in early and in advanced RA
(22, 23). The consequence will be that
radiographic progression in anti-TNF
t re ated patients will be diffe rent as
compared to non-anti-TNF-treated pa-
tients, and the rationale to describe ra-
d i ographic progression in ave rage d
terms will be lost. 
With these promising results in mind,
future clinical trials with EIA patients
will undoubtedly have the provocative
aim to prevent the occurrence of ero-
sions (or this may be the consequence
of the treatment), even in patients with
a high likelihood of ero s ive disease.
This argument may further add to the
validity of a binomial distribution pat-

tern, rather than a continuous one, for
radiographic progression in EIA (trial)
cohorts. 
One of the reasons that we outline this
binomial distri bution pat t e rn here is
that it may have consequences with res-
pect to statistical power. Binomial di-
s t ri butions fo rce a statistical test of
comparing proportions, and such tests
are inherently less powerful than tests
for continuous variables in underscor-
ing small betwe e n - group diffe re n c e s
(e.g., a test for the comparison of mean
changes in DAS in two groups is more
p owerful than a test to compare the
proportion of responders based on the
DAS in the two groups).

How sensitive are current scoring
methods?
One may question – in view of the afo-
rementioned arguments – whether cur-
rent scoring methods are sensitive
enough to pick up early ch a n ges in
EIA. As already stated, damage will oc-
cur sporadically, rather than being dis-
persed as in RA, and a large proportion
of patients will not show any damage at
all. Assessing radiographic damage and
p rogression is subject to va ri o u s
sources of measurement error, includ-
ing inter- reader va ri ability and erro r
due to small differences in positioning
and lighting. There may be a rather un-
favourable signal-to-noise ratio in EIA,
particularly because the signal is ex-
pected to be low, and the measurement
noise cannot be reduced accordingly.
Making use of the concept of the small-
est detectable diffe rence (SDD), we
s h owed that a pat i e n t ’s score should
change by 4 to 5 Sharp units before he
is unequivocally (i.e., beyond measure-
ment error) adjudicated as having pro-
gre s s ive disease (24, 25). The lat t e r
may be necessary in order to allow a bi-
nomial analysis (progre s s o rs ve rs u s
non-progressors), as argued previously.
In trials using EIA patients and the
usual follow-up period (1-2 yrs), it is
not to be expected that many will show
this level of progression unless they
develop RA. On the other hand, and in
c o n t rast with ex p e c t at i o n s , we we re
able to demonstrate that ex p e ri e n c e d
readers may pick up changes in radio-
graphic progression in a cohort of early

RA patients after only 3 months of fol-
low-up, which adds to the high sensi-
tivity of the current scoring methods
( p e rsonal observation). More ove r, i n
EIA it might be of major importance to
d e t e rmine the moment that a pat i e n t
becomes ero s ive, as this event may
establish the diagnosis and prognosis.
The determ i n ation of ero s ive n e s s
should be performed with a number of
erosions that is well below the SDD for
progression of disease.

How important is radiographic 
progression in EIA?
We have argued thus far that the make-
up of an EIA cohort and the features of
the radiographic scoring methods may
limit the ap p l i c ation of ra d i ograp h i c
progression as a single outcome mea-
sure. There is however no good reason
to adopt the thesis that ra d i ograp h i c
progression is less relevant in EIA pa-
tients with a propensity to develop joint
damage than in RA patients. On the hy-
pothesis that we are able to define (pre-
dict) which EIA patients will become
erosive over time, the demonstration of
“no progression” will be the ultimate
proof of efficacy in this group of pa-
tients. The problem is that it is very dif-
ficult at presentation to predict future
erosiveness. 
Visser et al. proposed a prediction al-
go rithm for patients presenting with
E I A , wh i ch perfo rmed ve ry well in
their cohort of patients with EIA with
respect to the prediction of ero s i o n s
(13). Unfortunately however, cross-va-
lidation in other EIA cohorts showed
less impre s s ive results. Nonetheless,
for group comparisons in clinical trials,
such an algorithm will probably create
subgroups with a certain likelihood to
develop erosiveness. 
Another matter that should be dis-
cussed here, because it emphasizes the
importance of radiographic progression
as an outcome of interest, is that EIA
cohorts were initiated because of the
realization that RA is often diagnosed
too late (26). The most important argu-
ment was that ra d i ographic damage
was often already present at diagnosis,
and proved to be the most important
p redictor of future damage despite
t re atment. The rationale behind EIA
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c o h o rts (and trials) is the hy p o t h e s i s
that the occurrence of damage can be
prevented by starting (aggressive) ther-
apies at a time point at which no dam-
age is ap p a rent. A more provo c at ive
hypothesis is that the disease may even
be cured befo re it re a l ly occurs
(referred to as “the prevention of RA”,
or “from care to cure”). Rational out-
come measures in such kinds of studies
will be “permanent clinical remission”
defined as the absence of disease activ-
ity in the absence of therapy. In such
scenarios, it is of the greatest impor-
tance to use radiographs as the ultimate
proof of clinical remission for several
reasons. First, we know that a subgroup
of RA patients may show progression
despite a state of clinical re m i s s i o n
(27). Second, the presence of clinical
remission cannot be assessed continu-
ously during a clinical trial,and clinical
remission at some time point is not
e q u ivalent to the absence of disease
activity over a time interval. We and
others have shown in RA patients that
the level of disease activity, but espe-
c i a l ly ch a n ges (“peaks”) in disease
a c t iv i t y, d e t e rmines the rate of ra d i-
ographic progression. 
So, assuming that “absence of disease”
becomes a relevant outcome in future
trials with EIA, an important element
in the ultimate proof will be the
absence of stru c t u ral damage (‘non-
e ro s ive’) or absence of ra d i ograp h i c
p rogression (e. g. a ra d i ographic pro-
gression less than the SDD). 

Magnetic resonance imaging (MRI)
and ultrasound (US)
Many retain MRI and US to be more
sensitive imaging modalities than con-
ventional radiography for the detection
of early (structural) joint damage. This
is probably correct, but sensitivity is at
the cost of specificity, and it remains
unclear whether all abnormalities that
are detected earlier by MRI as com-
pared to radiography are really relevant
with respect to structural changes later
on (construct validity). Other major
problems today relate to its low feasi-
bility and insufficient (inter-observer)
reliability (28, 29). 
MRI and US may become important in
the diagnosis and follow-up of patients

with EIA, since these modalities recog-
nise structures other than bone alone. It
is possible that the presence of synovi-
tis will be followed once by MRI/US,
but this is clearly beyond the scope of
this article. At this time, radiographs
remain sufficient to recognize the ab-
sence of complete remission, as noted
above.

Summary of the pro’s and con’s
We have described how radiographic
progression in EIA cohorts might differ
from that in RA cohorts, especially RA
trial cohorts. The proportion of patients
with radiographic damage at baseline
will be lower compared to RA cohorts,
as will be the proportion of patients
with progression, due to their earlier
presentation and to a higher level of he-
terogeneity, with a mixture of patients
without an intrinsic propensity to ra-
diographic damage. As a consequence,
radiographic progression may show a
bimodal distri bution pat t e rn , rat h e r
than a continuous one as in RA. It is
u n c e rtain whether curre n t ly ava i l abl e
scoring methods are sensitive enough
to pick up the subtle changes in radio-
graphic damage, and because of the ex-
pected bimodal distribution of progres-
sion scores, it does not seem rational to
use radiographic progression as a pri-
mary endpoint in clinical trials of EIA. 
On the other hand, EIA trials will also
i n clude a number of patients with a
high likelihood of ra d i ographic pro-
gression, at least in RA, but probably
also in EIA. Patients may show pro-
gression of damage despite the absence
of infl a m m at o ry activ i t y, and re s u l t s
from early arthritis clinics have shown
that the presence of erosions can be
p redicted to some degre e. Since the
aim of future trials in patients with EIA
will undoubtedly be the absence of any
signs of disease (“cure ” in stead of
“care”), radiography will be indispens-
able to provide the ultimate evidence
that the disease is in permanent clinical
remission. 

Recommendations for future trials
in EIA 
Based on the above arguments, we now
propose a number of recommendations
with respect to the use of radiographic

endpoints in clinical trials with EIA pa-
tients.
Fi rs t , it seems unwise to use ra d i o-
graphic progression, as assessed on X-
rays of the hands and feet, as the single
primary outcome measure in EIA trials.
Second, patients included in any EIA
trial should be stratified according to
their likelihood of developing erosive
changes over time. We urgently need
va l i d ated algo rithms for pre d i c t i o n ,
such as the one developed by Visser.
S u ch a strat i fi c ation would allow
between group comparisons in patients
with a high possibility of erosive dam-
age, under the condition that the statis-
tical power of such a stratum is suffi-
c i e n t ly high (sufficient patient nu m-
bers) to allow an appropriate compari-
son.
Third, serial radiographs of the hands
and feet should be taken in every pa-
tient, not to serve as a single outcome,
but as a check that disease (activity) is
really absent. These X-rays should be
scored by one of the (preferably most
s e n s i t ive) ava i l able scoring methods,
and cut-offs for progression (yes versus
no) should be based on methods for
gauging measurement error (e.g. SDD).
We do not recommend single joint
s c o res (index joints), because of the
lack of proof of validity (scaling, sensi-
tivity to change, reproducibility). 
Fourth, radiographs can be used to as-
sess the occurrence of the first erosion.
This moment is important in making
the correct diagnosis and has implica-
tions for the prognosis. 
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