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Abstract

Objective—Anti-carbamylated protein (anti-CarP) antibodies could further elucidate early RA
pathogenesis and predict clinical disease. We compared diagnostic accuracy of anti-CarP
antibodies for future RA to other RA-related antibodies in military personnel.

Methods—Stored pre-RA diagnosis serum samples from 76 RA cases were tested for anti-CarP
Fetal Calf Serum (FCS), anti-CarP Fibrinogen (Fib), anti-CCP2, RF-Neph, and RF-isotypes (IgM,
IgG, and IgA). Positivity for all antibodies was determined as =2SD of log-transformed means
from controls. Relationships between autoantibodies and future RA were assessed in prediagnosis
serum for all RA cases compared to controls using sensitivity, specificity, and logistic regression.
Differences in diagnostic accuracy between antibody combinations were assessed using
comparisons of area under the curves (AUCSs).

Results—Anti-CarP-FCS was 26% sensitive and 95% specific for future RA, where anti-CarP-
Fib was 16% sensitive and 95% specific for future RA. Anti-CarP-FCS positivity was associated
with future RA, while anti-CarP-Fib trended towards association. The antibody combination of
anti-CCP2 and/or =2 RFs (RF-Neph and/or RF-isotypes) resulted in an AUC of 0.72 for future
RA, where the AUC was 0.71 with the addition of anti-CarP-FCS to this prior combination.

Conclusion—Adding anti-CarP-FCS to antibody combinations did not improve AUC. However,
anti-CarP-FCS was associated with future onset of RA, and was present in prediagnosis serum in
~10% of RA cases negative for anti-CCP2, but positive for RF.
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INTRODUCTION

Discovery of antibodies to citrullinated protein antigens (ACPAS) has improved our
understanding of the seropositive subset of rheumatoid arthritis (RA). ACPAs and
rheumatoid factor (RF) are present in serum of RA patients years before clinical diagnosis of
RA(1-6). While these autoantibodies, particularly anti-cyclic citrullinated peptide (anti-
CCP), are highly specific (~95-99%) for RA, the sensitivity in those who later develop RA
is notably lower (<70%)(1,3,5,6). Testing for RF and anti-CCP simultaneously can improve
sensitivity by ~4-7%, while maintaining high specificity (~90-98%)(3,5). Yet, sensitivity of
these combinations is still limited. Identifying additional autoantibodies that improve
sensitivity for RA while maintaining high specificity would be a useful diagnostic and
prediction tool(7).

Shi and colleagues reported the discovery of anti-carbamylated protein antibodies (anti-
CarP) in patients with RA(8,9), including anti-CCP negative patients as well(8,9). Presence
of anti-CarP in early RA was associated with increased disease severity, manifested by
future joint destruction(8), and were detectable in some children with Juvenile Idiopathic
Anrthritis(10). Additionally, in subjects without current RA, but positive for anti-CCP2
and/or RF-1gM with a history of arthralgia, anti-CarP was 57% sensitive and 94% specific in
identifying individuals who later develop classified RA (2010 ACR/EULAR criteria)(11).
Furthermore, in stored samples collected prior to RA onset, anti-CarP was present prior to
RA diagnosis in 5/79 subjects who were otherwise negative for anti-CCP2 and RF-1gM(12).

Anti-CarP alone or in combination with other clinically available RA-related autoantibodies
could be useful in predicting future onset of RA. This study evaluated the timing of
appearance and diagnostic accuracy for future RA of anti-CarP compared to other RA-
related autoantibodies in U.S. Military Personnel.

MATERIALS AND METHODS
Study Population

The study population has been previously described(2—4). Subjects are military personnel,
consisting of 83 RA cases and 82 controls with stored pre- and post-diagnosis serum
samples. RA cases were identified at the Walter Reed Army Medical Center Rheumatology
Clinic, and evaluated in clinic from 1989 to 2003. RA cases had date of RA diagnosis, age at
diagnosis, and race determined by chart review. RA cases had both pre- and post-diagnosis
serum samples (=290, mean samples/subject=3.5) available through the Department of
Defense Serum Repository (DoDSR). A subset of RA cases were determined as seropositive
RA based on post-diagnosis RF positivity identified on chart review, or if either their pre- or
post-diagnosis samples tested positive for RF (any assay) and/or anti-CCP2 within 1 year of
their diagnosis as described previously(2,3). Controls were also derived from the DoDSR
and matched to cases on age (case age at diagnosis), sex, race, number of samples available
(n=290, mean samples/subject=3.5), duration of sample storage, and enlistment region.
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Biomarker Analyses

Samples were tested in the Rheumatology Clinical Research Laboratory at the University of
Colorado for clinically available RA-related autoantibodies, including RF by several
methods and anti-cyclic citrullinated peptide version 2 (anti-CCP2). RF was measured by
nephelometry (RF-Neph)(Dade Behring, Newark, Delaware, USA), and RF isotypes IgM,
IgG, and IgA were measured using ELISA kits (INOVA Quanta Lite, San Diego, USA).
Anti-CCP2 was measured by the Diastat kit (Axis-Shield, Dundee, UK).

Anti-CarP Testing

Generation of Carbamylated Antigens—Carbamylated proteins were generated as
described by Shi et al.(8). Fetal Calf Serum (FCS)(Bodinco, Alkmaar, Netherlands) was
carbamylated or left untreated. For generating carbamylated FCS (Ca-FCS), FCS was
diluted in H,0 to 4 mg/mL and potassium cyanate (Sigma, St. Louis, USA) was added to a
concentration of 1M. Following incubation at 37°C for 12 hours, the sample was extensively
dialyzed against H,O, using 10K MWCO SnakeSkin Dialysis Tubing (Thermo Scientific,
Waltham, USA). Protein concentration was measured by both Nanodrop (Thermo Scientific)
and BCA Protein Assay (Thermo Scientific). Carbamylated fibrinogen (Ca-Fib) was
generated by incubating 5 mg/mL human fibrinogen (Fib)(Sigma) with 0.5M potassium
cyanate at 4°C for 3 days, followed by dialysis against phosphate buffered saline (PBS).

Detection of Anti-CarP-FCS by ELISA—Non-modified FCS and Ca-FCS were coated
at 10 pg/mL in 50 pL (diluted in pH 9.6 0.1M carbonate-bicarbonate buffer)(CB) on Nunc
Maxisorp plates (Thermo Scientific) overnight. After washing in PBS containing 0.05%
tween (Sigma)(PT), plates were blocked by incubating 100 uL PBS/1% bovine serum
albumin (BSA)(Sigma) for 6 hours at 4°C. Following additional washing, wells were
incubated with 50 pL serum at a 1/50 dilution in PBS/0.05% tween/1% BSA buffer (PTB)
on ice overnight. All subsequent incubations were performed in PTB. As a standard, serial
dilutions of a pool of positive sera were used. Human IgG was detected using rabbit anti-
human IgG antibody (DAKO, Heverlee, Belgium) incubated on ice for 3.5 hours. After
washing, wells were incubated on ice for 3.5 hours with horseradish peroxidase (HRP)-
labeled goat anti-rabbit IgG antibody (DAKO). The final wash was followed by
visualization of HRP enzyme activity using 2,2’-azino-bis(3-ethylbenzothiazoline-6-
sulphonic acid)(ABTS) as substrate. We transformed the absorbance on both Ca-FCS and
FCS to aU/mL and subtracted the background signal (aU/mL) of FCS from the signal
(aU/mL) of CarP-FCS to analyze the specific anti-CarP-FCS reactivity.

Detection of anti-CarP-Fib by ELISA—Non-modified Fib and Ca-Fib were coated at
20 pg/mL in 50 uL (diluted in pH 9.0 PBS) on NuncMaxisorp plates (Thermo Scientific)
overnight. Following washing in PT, plates were blocked by incubating 200 uL pH 9.0
PBS/2% BSA for 2 hours at 4°C. Following additional washing, wells were incubated with
50 L serum at a 1/50 dilution in radioimmunoassay (RIA) buffer (10 mM Tris pH 7.6; 350
mM NacCl; 1% TritonX; 0.5% Na-deoxycholate; 0.1% SDS)(Sigma) on ice for 3 hours. All
subsequent incubations were performed in RIA buffer. As a standard, serial dilutions of a
pool of positive sera were used. Human 1gG was detected using HRP-labeled rabbit anti-
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human 1gG antibody (DAKO) incubated on ice for 2 hours. Following the last washings
HRP enzyme activity was visualized using ABTS.

Defining Positivity for Antibodies

As no established cutoff levels for positivity exist for anti-CarP, we determined cutoff
values for anti-CarP in serum. Anti-CarP were measured in 82 healthy controls. Binary
cutoffs were determined for anti-CarP by randomly splitting the 82 healthy controls into two
groups containing 41 subjects. The first group was used to determine the binary cutoff
values for anti-CarP-FCS and -Fib (cutoff controls), and the second group (controls) was
reserved for comparison analyses with the cases.

As we had multiple serum samples per subject, we defined anti-CarP positivity using a
single sample from each cutoff control to retain statistical independence. We selected the
single serum sample from each of the 41 cutoff controls with measured anti-CarP-FCS and
anti-CarP-Fib closest in time to their matched RA case’s diagnosis date. Anti-CarP measures
were natural log-transformed, as they were not normally distributed. Positivity for anti-
CarP-FCS and anti-CarP-Fib was defined as =2 standard deviations (SD) above the natural
log-transformed mean. After back-transforming these values, positivity was determined to
be >427.4 aU/mL for anti-CarP-FCS and >233.8 aU/mL for anti-CarP-Fib.

To allow for comparable results across antibodies, positivity for RF-Neph, RF isotypes, and
anti-CCP2 were also defined as =2 SDs above the natural log-transformed mean, using the
same single serum sample from the 41 cutoff controls. After back-transforming these values,
positivity was determined as follows: RF-Neph >24.0 units/mL; RF-1gM >13.5 units/mL;
RF-1gG >25.0 units/mL; RF-IgA >17.5 units/mL; anti-CCP2 >0.6 units/mL.

Additionally, we considered cutoffs based on clinical recommendations for anti-CCP2 and
the RF antibodies. Clinical positivity for RF and RF isotypes were determined using ACR
Classification Criteria for RA specificities as being present in <5% of 491 healthy blood
bank donor controls(13). Clinical positivity for RF antibodies were defined as follows: RF
>24.4 units/mL; RF-IgM >13.6 units/mL; RF-1gG >10.9 units/mL; RF-IgA >10.5 units/mL.
Clinical positivity for anti-CCP2 was based on manufacturer specification of >5 units/mL.

Once we defined antibody positivity using the single serum sample in the cutoff controls, we
applied these positivity cutoffs to all the prediagnosis serum of RA cases and to all available
serum for the remaining 41 controls reserved for comparison against the RA cases.

Diagnostic Accuracy and Association of Antibodies for Future RA

Using 2x2 tables, we determined diagnostic accuracy, measured by sensitivity and
specificity, of each antibody or various combinations of antibodies ever testing positive at
any point in the prediagnosis period for our RA cases, and at any point for our controls.
Cases (76 of 83 total) with sufficient prediagnosis serum sample volumes (n=210 samples)
were tested for all autoantibodies (anti-CarP-FCS, -Fib, anti-CCP2, and RF assays), and
comparator controls (n=41). We characterized the diagnostic accuracy of antibody
positivity, first based on the =2 SD above the mean cutoff, and then using clinical test-based
cutoffs for RF and anti-CCP2 defined as ever testing positive in any sample any time before
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RA diagnosis for RA cases and any time for controls. We then characterized diagnostic
accuracy of antibody positivity in seropositive RA cases; however, we did not present these
results in a table, as they were similar to results in all RA cases.

Diagnostic accuracy was assessed at the following time periods before RA diagnosis: =0 to
<1 year, >1 to <5 years, and >5 years. Of note was the period =0 to <1 year, where for RA
cases, serum was limited strictly to this time period, whereas for controls, we evaluated
samples <1 year and any time after their matched RA case diagnosis date. All other time
periods were as specified for both RA cases and controls.

The discriminative ability between antibodies, and combinations of antibodies between the
76 RA cases and 41 controls was assessed through comparisons of area under the curve
(AUC) based on the binary cutoffs. Using a binary cutoff, the AUC is the average of
sensitivity and specificity. This property allowed us to compare the combined improvement
of diagnostic accuracy of both sensitivity and specificity. All AUC analyses accounted for
comparisons of antibodies in the same individuals.

To complement diagnostic accuracy results, we used logistic regression analyses to
characterize the relative association (odds ratio) between RA case status and presence of
these autoantibodies in prediagnosis serum in both seropositive and seronegative RA cases
compared to controls.

Assessing the Timing of Antibody Appearance

Timing of antibody appearance in prediagnosis serum was assessed in seropositive RA cases
that were ever positive for more than one antibody during the prediagnosis period. We
determined if anti-CCP2 was present in serum before appearance of anti-CarP-FCS or vice
versa, and then if anti-CCP2 was present in serum before appearance of anti-CarP-Fib or
vice versa. The appearance of RF-Neph in relation to anti-CarP-FCS and -Fib was also
addressed. A small proportion of cases were already positive for these autoantibodies,
representing left-censorship, likely underrepresenting the true mean duration of
autoantibody positivity. Due to the small proportion of autoantibody positivity and left-
censoring, the non-parametric signed-rank test was used instead of survival analysis to
determine which autoantibody preceded the other based on the mean time of appearance for
those with both antibodies.

Antibody Levels and Variability of Positivity in the Prediagnosis Period

Linear mixed models of natural log-transformed antibody levels characterized trends in
mean anti-CarP-FCS, -Fib, RF-Neph, and anti-CCP2 for RA cases and controls up to 10
years before clinical diagnosis of RA. To characterize mean trends of anti-CarP-FCS and -
Fib, we used all RA cases (n=76) and controls (n=76) who had measures of anti-CarP-FCS
and -Fib, as these analyses did not depend on positivity cutoffs, giving an observation
sample size of n=360. In our assessment of anti-CCP2 and RF-Neph trends, all RA cases
(n=82) and controls (n=82) had complete measures of these antibodies, resulting in a larger
observation sample size (n=441). We determined the best model fit for both linear and
squared trends, and identified the time before RA diagnosis when mean levels of antibodies
began to differ between RA cases and controls. To account for multiple comparisons at each
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time point within each model, we used a Scheffe p-value correction for comparisons in
linear combinations(14).

Additionally, we characterized the variability of positivity in multiple samples over time for
anti-CarP-FCS, -Fib, anti-CCP2, and RF-Neph in the prediagnosis period for seropositive
RA cases and controls by determining the proportion of those who tested positive for an
antibody, but had subsequent levels decreased below the cutoff.

All statistical analyses were performed using SAS version 9.3.

Ethical Considerations

RESULTS

The study protocol and analyses were approved by the respective Institutional Review
Boards at the Walter Reed Army Medical Center and the University of Colorado.

Study Population Demographics

Demographic characteristics of RA cases, controls and cutoff controls were not statistically
different (Table 1).

Diagnostic Accuracy and Associations in RA Cases

The antibody systems anti-CCP2, RFs, and anti-CarP were all detected prior to RA
diagnosis, as evidenced by a proportion of RA cases positive for these antibodies in the
prediagnosis period. The sensitivity, specificity, and relative associations for future RA
based on ever being antibody positive in serum at any time before clinical diagnosis of RA
in our 76 seropositive and seronegative RA cases and 41 controls are presented in Table 2.
Results are presented to allow the assessment of diagnostic accuracy with the addition of a
positive test for anti-CarP-FCS compared to the more established RA-related autoantibodies,
either as a single test or combination of results. As single tests, anti-CCP2 demonstrated the
highest sensitivity (52%) for future RA, where RF-Neph, RF-1gG, RF-1gA, anti-CarP-FCS
and -Fib had the highest specificities (~95-97%).

Diagnostic accuracy statistics and relative associations for future RA based on clinically
relevant cutoffs for RF and anti-CCP2 are presented in Table 3, and were qualitatively
similar to Table 2.

Diagnostic accuracy statistics and relative associations for future RA at different time
intervals in our 76 seropositive and seronegative RA cases and 41 controls are presented in
Table 4. Similar trends in sensitivity and specificity were observed across time periods.

Of the 76 RA cases with anti-CarP tested, 67 (88.1%) were defined as having seropositive
RA (RF and/or anti-CCP2) as described in the Methods. Overall, the diagnostic accuracy
statistics for future seropositive RA were similar to those found in all RA cases (data not
shown). Among the 28 seropositive RA cases who were positive for =1 RF, but never
positive for anti-CCP2 at any time prior to RA diagnosis, anti-CarP-FCS was present in 3
(10.7%) of these individuals. None of the 9 RA cases classified as seronegative RA for both
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RF and anti-CCP2 were positive for anti-CarP-FCS or anti-CarP-Fib based on our defined
cutoffs.

The combination of antibodies, anti-CCP2 and/or =1 RF (nephelometry or isotypes)
demonstrated 67% sensitivity and 73% specificity for future RA, with an AUC of 0.70; the
addition of anti-CarP-FCS increased sensitivity to 68%, while decreasing specificity to 68%,
resulting in an AUC of 0.68, which was not significantly different from the AUC for anti-
CCP2 and/or =1 RF (p=0.33). The profile anti-CCP2 and/or =2 RFs (nephelometry or
isotypes) demonstrated 58% sensitivity and 85% specificity, with an AUC of 0.72; the
addition of anti-CarP-FCS increased sensitivity to 61%, while decreasing specificity to 81%,
resulting in an AUC of 0.71, which was not significantly different from the AUC for anti-
CCP2 and/or 22 RF (p=0.56).

Timing of Antibody Appearance

Table 5 presents the order of antibody appearance in seropositive RA cases testing positive
in the prediagnosis period for both antibodies. Overall, when able to assess, anti-CCP2 was
present prior to anti-CarP-FCS and -Fib, where RF-Neph was present after anti-CarP-FCS
and -Fib. However these results were not significantly different.

Trends in Antibody Levels during the Prediagnosis Period

Figure 1 characterizes mean levels of antibodies, back-transformed from the log scale, over
the ten year period preceding RA case diagnosis. There was a general trend for increasing
mean levels of antibodies over time for anti-CarP-FCS, anti-CarP-Fib, anti-CCP2, and RF-
Neph in RA cases, where the levels in controls remained stable. The mean levels of anti-
CarP-FCS were significantly higher for RA cases compared to controls 4 years before RA
diagnosis. Mean anti-CarP-Fib levels were higher in RA cases compared to controls, but this
trend was not statistically significantly. For anti-CCP2 and RF-Neph antibodies, mean levels
exponentially increased in RA cases shortly before RA diagnosis, and mean levels for
controls remained consistently low. Anti-CCP2 levels were significantly higher in RA cases
compared to controls 10 years before RA diagnosis. Mean levels of RF-Neph were
significantly higher in RA cases compared to controls 6 years before RA diagnosis.

Autoantibody Fluctuations in Positivity Over Time

In the 20 seropositive RA cases positive for anti-CarP-FCS, 6 (30%) had anti-CarP-FCS
levels decrease below the cutoff in subsequent prediagnosis samples, and 1 of 2 controls that
tested positive had levels decrease below the cutoff. Of the 12 anti-CarP-Fib positive cases,
2 (17%) had anti-CarP-Fib levels decrease below the cutoff, while the 2 controls that tested
positive remained positive. Furthermore, among the 39 seropositive RA cases positive for
anti-CCP2, 1 (3%) had anti-CCP2 levels decrease below the cutoff, while 2 of the 4 controls
that tested positive for anti-CCP2 had levels decrease below the cutoff. Among the 27
seropositive RA cases positive for RF-Neph, 5 (19%) had RF-Neph levels decrease below
the cutoff, and 4 of the 8 controls had RF-Neph levels decrease below the cutoff.
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DISCUSSION

Our results indicate anti-CarP-FCS and anti-CarP-Fib are present in prediagnosis serum of
RA cases. Both anti-CarP-FCS and -Fib exhibited lower sensitivity (<30%) than anti-CCP2
or RF, although the specificity for anti-CarP was comparatively high (>95%). Anti-CarP-
FCS exhibited a greater sensitivity and the same specificity as anti-CarP-Fib. Furthermore,
anti-CarP-FCS was significantly associated with future RA, while anti-CarP-Fib only
trended towards a significant association, which influenced our decision to consider
calculations of diagnostic accuracy for future RA using only anti-CarP-FCS in antibody
combinations. While we did not observe significant differences in AUCs with the addition
of anti-CarP-FCS to combinations of anti-CCP and/or RFs, we did observe a modestly
increased sensitivity and decreased specificity for future RA. This could suggest utility of
anti-CarP in assays that test for multiple antibodies at once, or for assessment of risk of
future erosive disease in individuals who exhibit anti-CarP(8).

Notably, as no recommended cutoff for anti-CarP exists, we randomly split the controls to
define cutoff levels, reserving one set of controls as an independent comparison group. This
split may introduce bias because of unequal groups, although similar demographic
characteristics between our control groups (Table 1) suggest such bias was minimal.
Additionally, the smaller control groups may allow outlier values to influence cutoff values,
decreasing our ability to detect significant associations. However the =2 SD above the mean
cutoff for anti-CarP-FCS in our reduced sample size of 41 was >427, whereas if we used all
82 controls, our cutoff would have been >472; analysis of variance indicated that splitting
the controls did not result in a statistically different cutoff levels (p=0.64). Both these cutoff
levels are higher than Shi and colleagues in their initial work on the anti-CarP system, where
the positivity cutoff level was >348(8). Therefore, our higher cutoff levels for anti-CarP may
be less sensitive for future RA than previously reported studies.

Our higher cutoff levels, in addition to small case numbers, could explain why we did not
observe anti-CarP present in any seronegative RA cases. However, anti-CarP-FCS was still
present in prediagnosis serum samples in 10.7% of RA cases who never tested positive for
anti-CCP2, which is supported by other studies that have found anti-CarP in 8%-16% of
ACPA negative RA patients(8,9). Additionally, Shi and colleagues reported anti-CarP-FCS
present in 27% of RA patients prior to diagnosis(12), which is similar to this study’s
sensitivity for future RA of 26%.

As stated in the Methods, we used the same process for determining cutoff levels for anti-
CCP2 and RF as was used for anti-CarP. This was done to allow for fairer comparisons of
diagnostic accuracy across antibodies. Additionally, results based on the >2 SD cutoffs for
RF and anti-CCP2 antibodies were qualitatively similar to results based on clinical test-
based cutoffs. One issue regarding defining cutoffs could be our use of only healthy
controls, as the reactivity of each autoantibody system could be lower, thereby resulting in a
higher specificity than if other autoimmune disease groups were used. This issue of
reactivity in healthy controls should be considered in future studies.
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Several features of the antibodies tested herein are of interest in the pathophysiology of RA
development. There was a non-significant trend for anti-CCP2 to appear prior to anti-CarP-
FCS and Fib, and in some cases both anti-CCP2 and anti-CarP appeared prior to RFs. Given
the relatively close temporal relationship between initial positivity of the anti-CCP2 and
anti-CarP, it is possible the immune processes driving the break in tolerance to these
structurally distinct autoantigens are similar in time and mechanism(15), or could suggest a
degree of cross-reactivity between ACPA and anti-CarP in some of the patients at this early
time point in the evolution of disease(16-18). The higher sensitivity for disease of anti-CCP
could represent a dominant autoimmune response to citrullinated antigens; alternatively,
differences in the assay sensitivity between a commercially developed, optimized and
validated assay compared to a preclinical research-based method may underlie this
difference.

In future studies, a larger number of RA cases would increase the ability to determine
potential differences in biologic processes behind the RF, ACPA, and anti-CarP systems.
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Figure 1.
Trends in the mean levels of anti-CarP-FCS, anti-CarP-Fib, RF-Neph, and anti-CCP2

between RA cases and controls during the prediagnosis period. Arrows indicate where the
mean levels between cases and controls are significantly different in the prediagnosis period.
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Table 1

Descriptive statistics for RA cases, comparison control group, and the control group used to define the cutoff

RA cases Controls Cutoff ControlsT  p*
(n sar('rr':;re?:ﬂo) (n sag];é]s-):l%) (n sar(‘rrw];éi):lzl)
Number of Samples, Mean + SD 28+ (11) 33%(1.3) 3.0+(1.2) 0.07
Age at Diagnosis, Mean * SD years 39.8+9.9 40.6 £10.2 39.1+9.6 0.79
Male, n (%) 45 (59.2) 25 (61.0) 23 (56.1) 0.90
Race, n (%) 0.58
White 51 (67.1) 31 (75.6) 25 (61.0)
Black 21 (27.6) 9 (22.0) 12 (29.3)
Other 4(5.3) 1(2.4) 4(9.7)

*
Reported p-value is testing the difference across all three groups.

TControl group used only to determine positivity cutoff for anti-CarP-FCS and -Fib.

1duosnue Joyiny 1duosnuen Joyiny

1duasnuen Joyiny

J Rheumatol. Author manuscript; available in PMC 2016 April 01.



Page 13

Ganetal.

Author Manuscript

“e118)110 A)ANISOd 18W S]0JIUOD OU 8SNEIs] PajeInajes ag Jouued d pue ‘[ %56 *HO VN

"(wB1 ‘9b| ‘INBI) sadAiost 4y pue Answojaydau Aq 4 J0 UN0D
*

(dS) Anoiy103ds ‘(NS) AnARISUSS :sonsIIels Buimol|oy ays sureuod

1

‘e g=108lgns/a|dwes BAe ‘9eT=u ajdwes s]01Ju0d ‘8-z=198lqns/sajdwes ‘BAe ‘0TZ=Uu ajdwes sased vy

100>  PS'ST-SZ  2€9 S08 09 Tp/g  9uoy  SOAdIED-NUBIO/PUE ¥ = JO/PUE dDD-IUV
100> vETZ-20€ 208 'S8 6.5 Tv9 9Ly 34 €< I0/PUE 2dDD UV
100> 95°0T-90Z 89% €89 89 TpEl 9ues SO dIBO-NUBIO/PUE ¥ T=IO/PUE cdDD-IUV
100> 682I-0vZ 996 €L TZL9 THIT 9LIS 7Y T<0/PUE 2dDD-huY
0T0 TZ/I-8/0 99€ TS6 8ST TWz 9Ll qi4-dleD-nuy
T00 2STEFST 969 TS6 €92 Ipiz  9L/0Z SO4-dJeD-nuy
100> 8S0v-10Z 006 T'S6 +¥IE Tve 9L EEEA
100> [y21-80C 0TS G08 €SS TIv/8 9Ly LRSS
100> 8€0v-10C 006 TS6 OTE Tvz  9LWwe w61 4y
TE0  SETI-9Y0 622 TS6 GOT Thz  9./8 961 4y
100> 28vI-S8T +ZS 818 T2y IWS 9Lz W61 3
100> 9€'69T-/82 v0ZZ 916 GSE TWT  9LUZ ydaN-4y
100> 89TE-¥E'E 820T 206 925 TIviy  9L0v zd2D-nuy
(%) () (v+)  (9u+)
d 10 %56 d0 dS NS W00 v Apoqnuy

Jw/sHUN 6'€EZ< qld-dIeD-NUe W/sHun '/ gy< SOd-dJed-1ue TJw/sHun 9°0< ¢ddJ-Nue
qwysuun g2 1< WBI-4d STwiy/siun 0°6z< 961-4Y qwysiun 6 eT< INBI-4Y STwy/siun 0vg< YdaN-4Y :1J01nd auijap 0 panlasal $|04uod Ayieay ul ueaw
a1 8A0Qge AS < se pauliap ANANISOd Wy 8inny 1o sajdwes wniss sisoubelpaid ul saipognue pajejal-y 40 (HO) onel sppo pue jAoeindaoe onsoubelq

¢ ?olgel

Author Manuscript

Author Manuscript

Author Manuscript

J Rheumatol. Author manuscript; available in PMC 2016 April 01.



Page 14

Ganetal.

"e118)119 A)ARISOd 18W S|0AIUOD OU SNBI3] Pare|nNajes ag Jouued d pue ‘[ %56 ‘HO VN

"(wB1 ‘0B ‘NBI) sadAlosi 4y pue Allswojaydau Ag 4y J0 unod
*

'(dS) Auongroads ‘(NS) ANARISUasS :sonsiieIs Buimolo) ayy mc_mEo“K

"¢ e=198[gns/a|dwes ‘Bae ‘GeT=u ajdwes sj01u09 ‘G z=103lgns/ajdwes ‘BAe ‘99T=u ajdwes zdDD Jo/pue 43 1o} annIsod sased vy

100> €592-2€€ 866 8.8 995 Ty/g  9uey SOAAIEIHULIOPUE Y ¢ IO/PUE ¢dOO-NUV

100> SZTS-Tgy  v8YT 126  BES  TWE 9LV 3t ¢ I0/PUB ¢dDD-HUY
100> TrTI-GTC  S6% <¢€. S¥9 Tyl 9uey SO dfED-RUBIO/pUE  JY T IO/PUB ¢dDD-RUY

100> T9vT-¥S2 019 T8L <T€9 The 9.8y 38 T 10/pUe ¢dd0-huv
800 €2/T-8/0 99 TS6 8ST TvZ 9T qid-died-nuy
100> O0STE¥ST 969 TS6 €92 Tz  9./02 SOd-died-nuy
100> v9.z-TZZ ¢8L L'T6 TBE TIvE  9L6T LR
100> €0TI-S6T €9% T8L 995 TIv6  9LEY LI
100> 6T6Z¥€C 928 126 G6E IpE  9L/0E vBI 4
920  IT'8-950 vTZ 126 SYT  TwE  9UIT 961 4y
100> 2¢8vI-S8T ¥ZS 8.8 TTr TS 9LeE W61 3
100> 9€'69T-/8C v0ZZ 916 GSE IWT  9LlZ Ny
wN vN VN 000T vy Tv0  9LE 2d20-nuy
(%) () @+ (9L4)
d 1D %56 f<le} dS NS wod v Apognuy

JW/SHUN B'EEZ< QI4-dJeD-IUe IW/SHUN '/ Zh< SO4-dJeD-1Ue 1JJ0INnd aulyap 0} PaAISSal S|041u0d Ayesy

Ul Ueaw 8yl 8A0qe S =< Se paulap died-1ue 10y AUAILISOd “JW/SHUN G< T8 Suoiieal}dads Jainoeinuew uo paseq gddD-1ue 10} AIAIRISOd Jw/siun
G'0T< VOI-4d w/siun 6'0T< 961-44 w/sHun 9°¢T< INBI-4Y TW/SHUN ¢'vg< 4Y :siouop poolq Auyfeay T6v JO %S> Ul Juasaid se suolepuawwodsl
[e21U1]0 UO pauliap 4 J0y ANANISOd "W 8imny 4oy sejdwes wnuss sisoubelpaid ui ss1pogiue pale|ai-yy 40 (YO) ones sppo pue | Aoeinaoe ansoubelq

€9l|qel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Rheumatol. Author manuscript; available in PMC 2016 April 01.



Page 15

Ganetal.

¢00

100>
100>
100>
100>
¢co
VN
€00
100>
100>

‘Bae ‘op=

100>
100>
100>
100>
800
¥0°0
¢00
100>
100>

LE'96-9Y'T

9,'T6-8T'V
9C'v8-¥8'€
¥6°L2—26'C
¥6°L¢—¢6'C
acedl
VN

66'T8-G¢'T
¥8'9T-¥S'T
95'T€C-L9°€

¢8'TT

LS'6T
00'8T
¥0'6
¥0'6
16'€
VN
70T
60'S
LT'6¢

€96

T'€6

8'¢8

9'96
0’001
9'96

98

9'96

€Te g1 8p/ST

2doo-nuy
(1°2=108[gns/ajdwes

‘Bae ‘2 G=u ajdwres sj0J1u0d ‘g T=10alqns/adwres ‘bBae ‘gg=u ajdwes sased ) sisoubelq Y 94043q SJesh G<

265 6212 6v/62 SOd-dIeD-Nue Io/pue  Jy ¢< 10/pue ¢dOJ-Iuv

TS 6¢/c  6¥/8¢C

34 ¢ J0/pue ¢dDD-huv

€69 62/S 6p/ge  SOd-diED-NUEIO/PUE Y T JO/PUE ¢dID-HUV

€99 6¢/S  6V/cE
¢er 6t 6v/9
¥'8T  6¢/0 6v/6
§9¢ 6¢/T 6V/ET
6vy 62y 6¥/cC
0TS 6¢/T  6¥/S¢

3t T2 Jo/pue ZdDD-huy
a14-d1ed-nuy
SO4-died-nuy

JERES

IR

¢dO0-huy
(' 1=100lqns/ejdwes

u ajdwes sjo41u09 ¢/ 1=108lgns/ajdwes ‘Hae ‘T8=u ajdwies sased ) sisoubelq Y 840)aq SJedk GS 01 T<

¥1'6¢-9€°C
19vS—¥¥'€
60'0€-0¥'¢
88'6V-I¥'E
¢9'69-18'0
G8'0€-S0'T
T0°2E-0€T
G6'€v—88'C
18'90T-€8°€

8¢'8
TLET
058
€0€T
6v'L
69'G
€6'9
SCTT
(444

9'8L

T'e8
¥'96
6'¢6
6'C6
L'S8
6'¢6

9'69 82/9 £2/9T SOd-dIeD-Nue Io/pue Y ¢< 10/pue ¢dOJ-uv

969 8¢V €291

34 ¢ 10/pue ¢dDD-Nuv

6'c. 8z/L sz/.T SOA-diED-NUEIO/PUE Y T JO/PUE ¢dDD-NUV

6'€L 8¢S €Ll
L'Te 821 €¢/S
v'oe 8¢/ €¢/L
8ve  8¢/C €¢/8
¢S99 8¢y €efST
609 8¢/c et

34 T2 Jojpue zdd0-nuy
aId-dred-nuy
SO4-d/e0-huy

REL RS

IELR S

¢d00-huvy
(g'1=100[qns/a|dwres

‘Bae ‘7e=u ajdwies sjoauod (T=108lgns/ajdwes ‘Bae ‘cz=u ajdwes sased ) sisoubelq vy 840)a3q Jeah TS 01 02

d

10 %56

dq0

(%)
ds

(%) (u+)  (u+)
NS 0D v

Apognuy

“TJW/SHUN 6°EEZ< ql4-dJeD-NUR ITTW/SHUN '/ Zh< SO-4-dIeD-IUe W /sHun 9'0< ZdOD-Nue jwy/siun G/ 1< WBI-4Y w/snun 0°'Gg<
9bI-4Y qwysiun G eT< INBI-4Y STwy/siun 0'yz< YdaN-4y :40Ind auljap 01 panlasal $|01uod Ayieay Ul ueaw ay) anoge s Z=< Se paulyap AlAIISOd v
ainny Joy potad sisouBeipaid ayy Bunp sjeAssIul S JUBIBYIP T8 S3|dWIes WnJss ul salpognue parejal-wy 10 (4O) onel sppo pue | Aoeinode onsoubelq

Author Manuscript

v alqel

Author Manuscript

Author Manuscript

Author Manuscript

J Rheumatol. Author manuscript; available in PMC 2016 April 01.



Page 16

Gan et al.

Author Manuscript

"e118)149 A)ARISOd 18W S|0AUOD OU 9SNBIB] PareInNaled ag Jouued d pue ‘[ %56 *HO VN

"aoeds anes 0} pajuasaid Jou saipognue 4y [enpiaipul (6] ‘9B ‘B sedAlosi 4y pue Answojaydau Ag 4¥ Jo Juno)
*

(ds) Anoy0ads ‘(NS) An

1SUSS :SOMSIeIS BUIMO||04 BY} SUIRIUOD

1
200  ¢STe-SY'T 989 926 vSE  lzie  spT  SOAdRO-NUBIO/PUE  JH ¢ IO/pUB 2dDD-HUV
200 8SVOT-Z9T O00€T €96 E€EE  L2T  8Y/9T 3 ¢ I0/pUE £dOD-huY

100> VYSEI-€¥T  Ovy  GTI8 005 [2/S 8p/yg SO dBO-NURIO/PUR 44 T JO/pUB ¢dD3D-IUV

100> 29'.1-6ST 620G 2S8 6Ly [ 8wiET ,3d T IO/pUB £dOD-huY

7€0  €£/z-€€0 20t €96 YOT [T 8v/S qi4-dieD-nuy

yT0  SOVP-190 02S €96 29T LT 8w/8 SO4-died-nuy

N N ¥YN  000T 29T [2/0 8¥/8 FELRAS

700 09TZ-IST TS 688 LTy  [2/E  8¥/0Z RELRAS
(%) (%) (u+)  (u+)

d 1D %56 MO dS NS W0D vy Apognuy

Author Manuscript

Author Manuscript

Author Manuscript

J Rheumatol. Author manuscript; available in PMC 2016 April 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Gan et al.

Appearance of first antibody in seropositive RA cases where both antibodies of interest were present in

prediagnosis serum.

Table 5

Comparing anti-CCP2 to anti-CarP-FCS

Anti-CCP2 preceded Anti-CarP-FCS  4/16 cases
Anti-CarP-FCS preceded Anti-CCP2  0/16 cases
First appearance in same sample 12/16 cases

Comparing anti-CCP2 to anti-CarP-Fib

Anti-CCP2 preceded Anti-CarP-Fib 4/12 cases
Anti-CarP-Fib preceded Anti-CCP2 0/12 cases
First appearance in same the sample 8/12 cases
Comparing RF-Neph to anti-CarP-FCS
RF-Neph preceded Anti-CarP-FCS 2/16 cases
Anti-CarP-FCS preceded RF-Neph 3/16 cases
First appearance in the same sample ~ 11/16 cases
Comparing RF-Neph to anti-CarP-Fib

RF-Neph preceded Anti-CarP-Fib 2/7 cases
Anti-CarP-Fib preceded RF-Neph 1/7 cases

First appearance in the same sample 4/7 cases

Mean Years of anti-CCP2

Preceding anti-CarP-FCS
0.76

Mean Years of anti-CCP2

Preceding anti-CarP-Fib
1.01

Mean Years of anti-CarP-FCS

Preceding RF-Neph
0.08

Mean Years of anti-CarP-Fib

Preceding RF-Neph
0.01

1.00

*
p-value for signed rank test

J Rheumatol. Author manuscript; available in PMC 2016 April 01.

Page 17



