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Autoantibodies to Cyclic Citrullinated Peptides Predict
Progression to Rheumatoid Arthritis in Patients With

Undifferentiated Arthritis

A Prospective Cohort Study

FAV len, S. P. Linn-Rasker, W. J. van Venrooij,B. A. de Jong,
F. C. Breedveld, veil, R. E. M, Toes, and T

Abstract

Objecte Rheumatoid arthrits (RA) is a common
severe, chronic inflammatory j ase. Since.
the disease may initially be indistinguishable from

Methods Anti-CCP? antibody tests were performed
at baseline in 936 consecutive, newly referred
patients with recent-onset arthritis. Patients who
could not be properly classified 2 weeks after
inclusion were categorized as having UA. Patients
with UA were followed up for 3 years and evaluated

). Huizinga

for progression of their disease o RA as defined
by the American College of Rheumatology (ACR)
1987 revised criteria,

Resuits Three hundred eighteen of 936 patients with
recent-onset arthritis were classified as having UA
and were available for analysis. After 3 years of
followup, 127 of 318 UA patients (4056) had been
classified as having RA. RA had developed in 63 of
249 patients (259) with a negative anti-CCP t

and in 64 of 69 patients (935%) with a positive anti-
CCP test (odds ratio 37.8 [95% confidence interval
13.8-111.9). Multivariate analysis of the presence

S paionts whe sl he ACR e fof .

sk s R4 ik ey o
disease affecting 1% of the population. Recognition o

int damage shorty ater disease onset

Patients and methods
Patients
in 1993, ater approval of the stutional Review Boar

a special Early Arhris Clinic (EAC) was started at the
Depar the Leiden University

the American College of Rheumatology (ACK; formerly,

riment
Medical Center, the primary rferral center forpatients
with theumatic disease in an area with 300,000 nhabitans.

the American Rheumatism Association) 1987 revised
for

According 1o these ciiteria,
as having RA when atleast 4 of 7 criteia are met using

in the west o General practiioners
arthits
war mpetet P ot o EAC st .

patienth

senvihn 2 weeks in the program
v the patient revealed

Sensiivity of 909 if patients are observed over a period
years, has

i o symptoms b fasted 2 years

it several
e shown o be it o ety dagnoss of A
patients with artris of ecent onset’

o Rars e st rom ov: ity
font seaes s ofscent onse oses  dgnosic
and prognosiic problem . This is elevant, since R
st b difrenatedfom st imitng s ot tonly

Methods

A standard diagnostic evaluation was performed at
the fistvii, consisting of patient history, physical

because of the diferent progno:
the isks associated with reatment of RA.

o s, Bl ooy estng nclodd an -
REenzymedied immuncsoroet ssay €LSK, 85
o an-CCP3 artody ELISA

Ahalmark of
Inesabihed dsesse, M heumatod o (gh-4)
tectad v sty of 601000
How

mmancscan A ik 2. Eur-Dlagnostea, AT
T Nethetancs) s prtamed sccrdg o he

Cpecicty o1 80.50%

“oars drectng aniboces agans: yeic civnated

epid ;- CP abcis) e a hgher speciy
of 98% at a simiar sensitity

nibcies v aibotes s anigensconining.
the unusual aming acid iuline”, incucing modifed
brin', which i present i the theumatoid joint

Previous retrospective studies n different counties have.

manufacturer’
ety 7456, specicty o7 99w, Ciicinswere
biinded to patients' ant-CCP status, but 1ot to their

g o s, e VLAY positiy 5 part o i
classiication rtera for RA

After evaluation, 2 weeks afterinclusion,  diagnosis was
made according to nternational lassification ciera,
and, in partcular RA was defined according to the 1967

antbodies
and Igh-R, can be detected n RA patients several patient history . For nstance, a patients history of
years befre clncl sy mptos o™ 7, G e v TP of g ST of £ weeks s et

prevalence of RA, autoantibody testing i the general
etaton ot o cicatberet owora, s
ata higher isk of RA, this may not hold tue. For instance,
a substaniial proportion of patients with recent-onset
arthits who are inally categorized as having undifferen-
tiated artis (UA) wil have ther disease progress t

bodies in predicting the development of RA in patints
th UA

buta history of 2 weeks was not. This modifcation of
na i i ot alfc g prfomance of i i,

Patents were not allowed to reenter the study.
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Statistical analysis

antibodies. Aftr 1 year, 57 of these patients (8396)

anti-

had risen

a , 46
after 1 year, and 63 (25%)

and ikeiood rato for a positve result. To assess.

for 1 hous,arhris in 2 joint groups, ar
iscapopmanges o st oangen o,
symmetic arthis ofjoints, heumatoid nodules, IGM-RF
positiity, and erosions on hand andlor foot radiographs.

(5955, Chcago, 1) was v 1o anayas th data. i al
st5, P values less than 0.05 were considered significant

Results

UAin an early artits cohort.Nine hundred thity-six

and after 2 weeks a diagnosis was e 1)
O these 936 patients, 590 (63.0%) could be readily
fagnosed, and the largest proportion had RA (205

psoriatic arthis, mixed connective tssue discase,
crystal-induced arthits, reactive arthiits, spondy
thropathy, and osteoathris. A total of 346 patients

did 5o after 3 years.

205 (219)
3

5 (0:
346 (37.0)

With these results we calculated the OR (i) for disease

In UA patients,
1-14), and 39% of p: ol data, the.
presence of
factor for RA,
ke, 129 o s on ot (86 G 126-111)

et IgM-RF and ant-CCP ant
o dmectodn 319 ofpaes, an 146 f palots.
o 3

Aashouein e . s o f et sty

of the.

analysis(Table 3).

Anti-CCP antibodies as a risk factor

. 8 PP of 93%
59% I 87-99), and an NPV of 75% (95% Cl 69-60)

Since 9396 of UA patients with ant-CCP anti-bodies had

disease that progressed to RA (PP, and 759% of patients

A5 shown in Table 3, after 1 year, 103 of 318 U
RA.

. itcan
16.7 imes more.

2years and to 4096 (127 3years.

for

-ccp

T sswmasonr

In the present study, 28 patients with UA (& with ant-
and

Ii-CCP-posiive patients would have disease that did
o, This would have yielded a sensitiy of 4206 (95%
C10.35-0.42),  specilciy of 95% (95% C1 92-98),
PPV of 879 (95% C180-94), and an NPV of 68%

01 7% (95% C1 72-82).

Table ¢

percent (055
el

50 (41-59)
07 (95-99)
93(67-99)
75(69-80)

Inorder

the anaysis,

9 . we
performed In'the worst

as the deper

Patents fulling ACR RA cteria 10,06
s Ty A 2 years. Afer 3 years

5789 62000 64(93t
608  s0@2e) 63025

crteia for RA. Table § shows that within model 1,5 tems.
had signiicant ORs: morning stifness, poly-artris,
symmetic antis, lght-RF positiviy, and erosions on
radiographs. The highest OR (3.8 [35% CI 4.1-23 4] was
found for IGM-RF posituiy.

‘Adding anti-CCP antibody testing o the tems in model
L et scond model (rodl 2, Aganpb-

3t
£

arthiis,
e S pediors. Remakanhy G RF posory
had an OR of 1.7 (95% C1 05-5.6), which was not
scant(p =04 Anl-CCP arbody postty b
proved o be the most important predictor i this
with

103(32) 12208 127 (40)

1510} which was highly signifcant P < 0.001). Logistic
reqression analysis of the 2- and 3-year data
Same models gave simiar results (data not shown).
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Model 2 ACR crtera
s oGP anuborly
oR@Eme G ey 3
29(12-65 0013 210853 0108
58(24-136) <0001 50(18-132) 0001
1800745 026 12(0433 0762
26(1160) o 61(20-190) 0002
0,002 (0.0-) 0787 0003 (00=) 0795
98(41-234) <0001 17(05-56) 0406
76(24-244) 0001 87(24-312) 0001

- 386 (99-1510) 0.001

expressed by

variables, and by an ROC which the sensitty
is pltted against the specificiy. In such models, the
performance has improved when the AUC of the ROC
curve is higher and the -2 og likelood is lower (18]

of 05 aniccp
COP.
iy

I patients with theumatic diseases ofher than RA of UA,
ant-CCP antibodies were detected in 30 of 385 patients.

of

after 1

the AU d when ani- 11 patients, afer 3 years, 1 had gout,

was added 1 had sarcoid
i d 4 had

was nota significant predictor (vot shown)

To assess which UA patients would benefit most from
ant-CCP testing, UA patients were statfied according
o the number of ACR criteia they fulfled at baseline
(Table 7). Signifcantly more patents with antr-CCP.
antibodies had disease that progressed to RA i groups
meting 3,2, o 3t s aselng I 42 patents|

ant-CCP antibodies and 19 of the 25 anti- ccp«g.m
patients had disease that progressed {0 RA (P = 0.06)
ANU-CCP antibody testing was of it value in UA patients
who fulfled none of the ACR critera. Of the 43 UA

Mlhoos AU (056 1)
2051 0891(0.836-0922)

1643 0.923(0.885-0.956)

that progressed (o RA, and neither of these patients had
ant-CCP antibodies.

At 2 wieeks, 205 patients with early arthris were diag-

Discussion

population in which a reasonable proportion of patients.

(able 1)
for 204 of these patients. At baseline, 105 had ant-CCP

T sswmemsown va

developed RA demonstrated that ant-CCP autoanti-
. which have a high specificty in established
disease, are present years oevm clinical symptoms
occur . However, gven the low prevalence of RA,
Soreenng o v poiaton st ey e e

progressed to RA. The f anti-CCP autoant-
an important predictor for RA, since within
H dents who tested posiive for

of them n the firstyear of ollowup.

ultarit naysis confimed atCGp ntbodies s
an mportant independent predictor of RA. Moreover,

rall performance of the mod

Itis remarkable that the laboratory variables and radio-
wellin both models. Thi s probably
patly due 1o the background of the cohort in which the
models were tested. Ina cofort of UA patients, cinical
vanblssuch as polyaris an s of rand ot
ommonly found in other artrides such as reactive

to RA increased with the number of ACR criteia present
at baseline, but this was not so for UA patients with anti-
CCP antibodies (Tabie 7).

A ossbl miatonto e gty of se et
is that the study was performet pulation in which
oo achiere vers oneoregea ottt
patients to a theumatologst. Patients with recent-onset

Moo patents
Pt ater3years 0. 06 BT

2(5) =
2()

o4 >0001

16@7) 20001

BEA BE8 Lod R Red

)
191 5107)

topedsts, gerians, i) probabyeven
diferent cme points affect the prevalence of
A npaes v Tecaonset U Nochess, ava

of 19,
wouid only be 14%.

Atthe end of the study, we indviduall reviewed the §

ohort, the calculated PP for ant-

ant-CCp-

Vo 0 e 579

oupatentcinicon requr base,sce 1 s digrosed
having palindromic theumatism, which is an indepen-

h as famiy

disea:

prevalence of RA. For nstance, in our conort,with a 4096
prevalence of RA (Table 3) and a ikelinood aio o 16.7,

se)
issue ofthis study

Standard or test for RA, the ACR critria are widely used
as the “gold standard." However, using an imperfect
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t0sis, the fanti-CCP

arthits was used. In that study, anti-CCP antibodies

the
Specificiy for RA, and the fact that a genetic isk factor that
R,

However,studes on the eficacy of nterventions that

ACR

disease.

Therefore,

in clncal practice, since only 4% (8 of 191) of the UA
RAad

gluten.
antigen gladin has been changed by the enzyme tissue

ever

because early
reatment might reduce symptoms, which n tum could

e
afiting moti for binding to HLA cless Il molecules,

ecting

Testing for anti-CCP antibodies in UA allows accurate prediction of a substantial
number of patients who wil fulfl the ACR ciiteria for RA,

2weeks from the UA group with a diagnosis of RA, and
neary all patients with RA at 2 weeks had RA at the end
ol (coy

factors invol
the anti-CCP response and may also help to denty the
g et R Forrow, we corclue it

FUA s svrcul Ml i 17 o 28 ar-GP. gt
patients (619) who had ori

e s e i vt et donses
other than RA. Of the 11 remaining ant-CCP-positive.
patent

presence of
precicts wgmw o RA independently of ther known
predictor

and 4 as having psoriatic athits; both
ineases are oo dificlt 10 doingulh tom R using
the current clssifcation criteria ™,

One may wonder whether anti-CCP testing wil replace

probably more expensive and currently not as commonly
available

T sswmcmown s

thank Dr. . W, Dekier for his help reviewing the
staistcal methods.
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