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SUMMARY

Background: The purpose of this study was to estimate the diagnostic accuracy of anti-carbamylated protein (anti-
CarP) antibodies in rheumatoid arthritis.

Methods: We searched the PubMed, EMBASE, Cochrane Library, Web of Science, and Scopus databases for
studies published before January 1, 2019. Two investigators independently evaluated studies to determine their in-
clusion in the analysis, assess their quality, and extract the relevant data. The articles were assessed with the Qual-
ity Assessment of Diagnostic Accuracy Studies tool, and a bivariate mixed effects model was used to estimate the
diagnostic indexes across studies.

Results: We included 16 published studies in this meta-analysis. The pooled sensitivity and specificity of anti-CarP
were 43.1% and 94.4%, respectively. The area under the summary receiver operator characteristic curve was
0.55. The specificity estimates were highly heterogeneous, which could be partly explained by the higher specifici-
ty in the healthy control group (43.0%, 96.8%) than in the other disease group (43.4%, 89.8%).

Conclusions: Anti-CarP antibodies have a relatively low sensitivity and high specificity for rheumatoid arthritis.
However, the specificity was lower in the other disease subgroups than in the healthy controls.

(Clin. Lab. 2019;65:xx-xx. DOI: 10.7754/Clin.Lab.2019.190419)
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Supplementary Tables and Figures

Table 1. The study quality of QUADAS-1.

Author Year | 1 | 2|3 |4 |5|6|7|8|9|10]|11|12]13]14 ;ﬁ:ﬁfy
Shi et al. 2000 | Y [Y|Y|Y|Y|Y|Y|Y|Y|N|Y|Y|N|N 11
Montes et al. 204 Y |[Y|Y|U|Y|Y|Y|N|Y|N|Y|Y|N|Y 10
Shi et al. 205 Y |Y|Y|Y|Y|Y|Y|[N|Y|[N|Y|Y|N]Y 11
Pecani et al. 2015 Y |Y|Y|U|Y|Y|Y|[N|Y|[N|Y|Y|N]|Y 10
Alessandri et al. 2015 Y Y| Y U Y Y Y Y Y N Y Y N Y 11
Brink et al. 20056 | Y |[Y|Y|Y|Y|Y|Y|Y|Y|N|Y|Y|N|Y 12
Janssen et al. 2005| Y |[Y|U|U|Y|Y|Y|N|N|N|Y|Y|N|Y 9
Verheul et al. 2005 | Y |[Y|Y|Y|Y|Y|Y|N|Y|N|Y|Y|N|Y 11
Pecani et al. 2006 | Y |Y|Y|N|Y|Y|Y|Y|Y|[N|Y|Y|N]|Y 11
Koppejanetal. [2016 | Y |[Y|Y | U|Y |Y|Y|Y|Y | N|Y|Y|N|Y 11
Challeneretal. [2016 | Y |Y|Y | N|Y |Y|Y|Y|Y|N|Y|Y|N]|Y 11
Verheul et al. 2006 | Y |[Y|Y|U|Y|Y|Y|N|Y|N|Y|Y|N|N 9
Nakabo et al. 2007 Y |[Y|U|U|Y|Y|Y|Y|N|N|Y|Y|N|Y 10
Van Delf et al 2007 | Y |[Y|Y|U|Y|Y|Y|Y|Y|N|Y|Y|N|Y 11
Spinelli et al. 2007 | Y |Y|Y|N|Y|Y|Y|Y|Y|[N|Y|Y|N]|Y 11
Verheul et al. 2007 | Y | Y| Y| U|Y|Y|Y|Y|Y|[N|Y|Y|N]|Y 11

QUADAS - Quality Assessment of Diagnostic Accuracy Studies, Y - Yes, N - No, U - Unclear. Item 1. Was the patient spectrum representative
of the patients who will receive the test in practice? 2. Were selection criteria clearly described? 3. Is the reference standard likely to correctly
classify the target condition? 4. Is the time period between reference standard and index test short enough to be reasonably sure that the target
condition did not change between the two tests? 5. Did the whole study population or a random selection of the sample, receive verification
using a reference standard for diagnosis? 6. Did patients receive the same reference standard regardless of the index test result? 7. Was the
reference standard independent of the index test? 8. Was the execution of the index test described in sufficient detail to permit replication of
the test? 9. Was the execution of the reference standard described in sufficient detail to permit its replication? 10. Were the index test results
interpreted without the knowledge of the results of the reference standard? 11. Were the reference standard results interpreted without
knowledge of the index test results? 12. Were the same clinical data available when test results were interpreted as would be available when the
test is used in practice? 13. Were uninterpretable / intermediate test results reported? 14. Were withdrawals from the study explained?

Table 2. The study quality of QUADAS-2 and a list of studies that did not meet some items.

Patient Selecton I I [

index Test T

Reference Standard | IR [ T
Flow and Timing - _

0% 25% 50% 75%  100% 0% 25% 50% 75%  100%
Risk of Bias Applicability Concerns

. High |:| Unclear . Low
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Item

Study (unclear)

Study (no)

Was a consecutive or random sample
of patients enrolled?

Montes 2014, unclear; Janssen 2015, unclear;
Nakabo 2017, unclear

Verheul 2017, no

Did the study avoid inappropriate
exclusions?

Shi 2011, unclear; Verheul 2016, unclear

Janssen 2015, no

Could the selection of patients have
introduced bias?

Shi 2011, unclear risk; Montes 2014, unclear
risk; Verheul 2016, unclear risk; Nakabo 2017,
unclear risk

Janssen 2015, high risk;
Verheul 2017, high risk

Could the reference standard, its
conduct, or its interpretation have
introduced bias?

Janssen 2015, unclear risk;
Nakabo 2017, unclear risk

Are there concerns that the target
condition as defined by the reference
standard does not match the
question?

Janssen 2015, unclear concern; Nakabo 2017,
unclear concern

Was there an appropriate interval
between index test and reference
standard?

Montes 2014, unclear; Pecani 2015, unclear;
Alessandri 2015, unclear; Koppejan 2016,
unclear; Verheul 2016, unclear; Nakabo 2017,
unclear; Van Delf 2017, unclear; Verheul 2017,
unclear

Pecani 2016, no; Challener
2016, no; Spinelli 2017, no

Were all patients included in the
analysis?

Shi 2011, no

Could the patient flow have
introduced bias?

Montes 2014, unclear risk; Pecani 2015, unclear
risk; Alessandri 2015, unclear risk; Koppejan
2016, unclear risk; Verheul 2016, unclear risk;

Nakabo 2017, unclear risk; Van Delf 2017,
unclear risk; Verheul 2017, unclear risk

Challener 2016, high risk;
Spinelli 2017, high risk

Table 3. Sensitivity analysis of this meta-analysis. A: mixed control; B: healthy control group; C: disease control group.

I Lower CI Limit

Meta-analysis etimates, given named study is omitted

Ofstimate 1 Upper €1 Limit

2
3
4
5
3

8

9k

0]

12

13

4

11

16

262295
B:

| Lower l Limit

Meta-analyss esimates, given named study is omitted
Ofctm:

1
506 868 1068

e 1 Upper €l Limit

| Upper @ Limit
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Table 4. The single rate analysis of the sensitivity for the anti-CarP antibody in the anti-CCP positive (A)/negative (B) or the
RF IgM positive (C)/negative RA patients (D).

Al B.

Study % Study %

ID ES(95% Cl)  Weight D ES(95% Cl)  Weight
WMontes 2014 - | 0.45(0.41,0.49) 1138 Montes 2014 e 0.20 (0.16, 0.23) 11.99
shi 2015 | * 072(089.075) 1156 shi 2015 - 013 (0.11,0.15) 13.17
Brink 2015 == 053(046,060) 1085 Brink 2015 — 0.10 (0.06, 0.15) 11.03
Varheul 2015 - 057(051.063) 1109 Verheul 2015 —_- 0.12 (0.08, 0.15) 11.58
Pecari 2016 - 0.45(0.39,0.51) 11.17 Pecani 2016 | —s— 0250021, 031 10.39
Koppejan 2016 - 0.54(0.44,0.64) 10.05 Koppejan 2016 —f+—— 020(0.12,0.28) 7.08
Verheul 2016 |+ 074070078 1147 Verheul 2016 - 0.13(0.10, 0.15) 12.64
Nakabo 2017 =+  054(0.46.060) 11.08 Nakabo 2017 ; 0.21(0.16. 0.26) 10.34
van Delf 2017 | 074070078 11.35 Van Delf 2017 0.15(0.11, 0.18) 11.78

<> 0.59 (0.50, 0.67) 100.00 0.16 (0.12, 0.19) 100.00

oty

NOTE: Weights are from random effectp analysis E NOTE: Weights are from random effects pnalysis

T T T
-.785 0 785 =31 o 31

C. 1.

Study % Study %

D ES (95% Cl) Weight D ES (5% CI) Weight
shi 2015 ' = 0.62(059, 085 3558 shi 2015 - E 0.20(017,022) 4130
Pecani 2016 —_ i 043(0.38,049) 3424 Pecani 2018 -I—O— 028(022033) 3505

Koppejan 2016 —— 051(041,062) 3018 Koppejan 2018 —t— 0.28(0.19,037) 2385

00.52(039,0.66) 100.00 O 025(0.18,0.31)  100.00

NOTE: Weights are from random effects analysi

NOTE: Weights are from random effects anglysis S

T
- 66 0 &6 =372 0 372
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