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Abstract

This study aimed to directly analyze the potential relationship of anti-nuclear antibodies
(ANA) before and after the administration of TNF-a inhibitors (TNFi) with the appearance of
anti-drug antibodies (ADrA) in patients with rheumatoid arthritis (RA). A total of 121 cases,
viz., 38, 53, and 30 cases treated with infliximab (IFX), adalimumab (ADA), and etanercept
(ETN), respectively, were enrolled. The ANA titers were measured using indirect immune-
fluorescence assay (IF-ANA) and multiplex flow immunoassay (ANA Screen) before and
serially during the therapy. The anti-IFX antibodies (HACA) and anti-ADA antibodies (AAA)
were measured with a radioimmunoassay. ADrA turned positive in 14 (36.8%) among 38
patients treated with IFX, and 16 (30.2%) among 53 treated with ADA. All of them were posi-
tive for IF-ANA before TNFi administration, while ADrA never appeared in any of the 15
patients negative for IF-ANA (< 40). IF-ANA of high titers (> 320 and > 640) before IFX
treatment showed a significant association with the appearance of HACA 52 weeks after
IFX (P=0.040 and 0.017, respectively), whereas AAA appearance was not related to IF-
ANA titers before treatment. Moreover, IF-ANA of high titers before IFX treatment was sig-
nificantly associated with inefficacy and discontinuation of the treatment. The positivity of
anti-SS-A antibodies before therapy might be a risk factor for ADrA appearance in patients
treated with IFX or ADA. The percentage of patients whose IF-ANA titers increased was sig-
nificantly higher with IFX than with ADA or ETN treatments (P = 0.026 and 0.022, respec-
tively). High ANA titers and positive ANA Screen after IFX therapy showed a significant
association with HACA appearance and possibly led to treatment failure. Among the three
TNFi, only IFX showed a close relationship with IF-ANA and ADrA appearance, suggesting
the interaction of immunogenicity with autoimmunity as well as the advantage of ANA mea-
surement before TNFi therapy.
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Introduction

TNF-o inhibitors (TNFi) such as infliximab (IFX), adalimumab (ADA), etanercept (ETN),
golimumab, and certolizumab pegol are dramatically effective for the treatment of rheumatoid
arthritis (RA). However, a certain proportion of RA patients do not respond well to TNFi
from the beginning (primary failure) or lose treatment efficacy following an initially good
response (secondary failure) [1]. These biologics have been shown to have immunogenicity
and often generate anti-drug antibodies (ADrA) against TNFi such as anti-IFX antibody
(HACA: human anti-chimeric antibodies) and anti-ADA antibodies (AAA) [2]. The incidence
of ADrA varies considerably with the measurement method, observation period, dosage, and
age; 7% to 53% has been observed in IFX, 1% to 31% in ADA, and few in ETN [1-3]. Appear-
ance of ADrA not only leads to drug-induced allergic reactions in the patients but also to sec-
ondary failure associated with undetectable serum concentrations of the biologics [1,3-5]. To
date, there is no way to distinguish a non-responder from a responder before commencing
treatment with a biologic [1]. Most TNFi have an additional adverse effect, which is the induc-
tion of systemic autoimmune diseases such as systemic lupus erythematosus (SLE) and sys-
temic vasculitis during the TNFi therapy [6-8]. Autoantibodies such as anti-nuclear
antibodies (ANA) and anti-double-stranded (ds) DNA antibodies (dsSDNA Ab) can be newly
induced (seroconversion) or increase their titers during anti-TNF therapy [9,10].

Regarding the relationship of autoimmune disease induction and ANA to clinical response
of TNFi therapy, Yukawa et al. showed that increases in the titers of immunofluorescent ANA
(IF-ANA) and dsDNA Ab after IFX therapy were related with poor clinical response and that
high titers of ANA (> 160) before IFX therapy were also related with poor clinical response
[11]. Takase et al. also described that 4 cases (5.4%) out of 74 primary failures and 24 cases
(21.6%) out of 111 secondary failures among the 454 patients became IF-ANA positive after
TNFi treatment [9]. Ishikawa et al. reported that IF-ANA development (>2 times the baseline
levels) during IFX as well as other TNFi could be a marker of poor clinical response to the ther-
apy in RA patients [12]. In contrast, Hoxha et al. showed that AAA could be an early marker
associated with poor clinical response in 58 rheumatic patients treated with ADA; however,
ANA positivity was not significantly different between AAA-positive and negative groups [13].
Jani et al. reviewed drug safety and immunogenicity of TNFi and mentioned that a proportion
of patients on TNFi may develop ANA and dsDNA Ab due to immunogenicity, indicating a
linkage of autoantibody production (autoimmunity) with development of ADrA (immunoge-
nicity) and probably with treatment failure [14]. They also described that patients predisposed
to developing immunogenicity may also be prone to seroconversion of other autoantibodies,
yet few studies have been performed to clarify the direct relationship of ANA with ADrA
appearance and clinical response in RA patients with long-term TNFi treatment.

Therefore, the aim of this study was to analyze the direct relationship of ANA presence
before and after the administration of IFX or ADA with the appearance of ADrA in order to
evaluate the usefulness of ANA measurement for predicting treatment inefficacy and second-
ary failure in RA patients.

Materials and methods
Patients and the treatment

A total of 163 adult RA patients were newly introduced to one of the three kinds of TNFi (46,
67, and 50 cases for IFX, ADA, and ETN, respectively) at the Shinko Hospital, Kobe, Japan,

from 2011 to 2018. All patients met the 2010 ACR/EULAR rheumatoid arthritis classification
criteria. Patients were treated with IFX at 3 mg/kg intravenously at week 0, 2, and 6, and 3-10
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Table 1. Characteristics of 121 RA patients.

Age, mean (SD), years old
Females, n (%)
Symptom duration, mean (SD), years
DAS28-CRP, mean (SD)
RF positive, n (%)
Anti-CCP antibody positive, n (%)
IE-ANA positive, n (%)
Concomitant SDMARDs
MTX, n (%)
MTX dosage, mean (SD), mg/week
As a 1st biologic, n (%)
PSL users, n (%)
PSL dosage, mean (SD), mg/day

Other autoimmune diseases, n (%)

All patients IFX ADA ETN P-value®
(n=121) (n=38) (n=53) (n=30)

52.4 (16.4) 48.3 (16.3) 54.5 (13.7) 53.9 (20.3) 0.230
103 (85.1) 36 (94.7) 41 (77.4) 26 (86.7) 0.065
7.4 (8.4) 9.3(9.2) 5.7 (7.9) 7.4 (7.8) 0.072
3.8(1.1) 3.9 (1.0) 3.7 (1.1) 4.0 (1.0) 0.302
93 (76.9) 28 (73.7) 39 (73.6) 26 (86.7) 0.413
99 (81.8) 32(84.2) 41 (77.4) 26 (86.7) 0.572
101 (83.5) 32(84.2) 44 (83.0) 25 (83.3) 1.0
110 (90.9) 38 (100) 48 (90.6) 24 (80.0) 0.006
103 (85.1) 38 (100) 47 (88.7) 18 (60.0) < 0.001
8.7 (3.8) 9.4 (4.3) 8.5(3.7) 7.9 (2.5) 0.724
103 (85.1) 32 (84.2) 42 (79.2) 29 (96.7) 0.074
63 (52.1) 17 (44.7) 25 (47.2) 21 (70.0) 0.077
4.8 (2.9) 4.8 (2.4) 54 (2.5) 5.1(3.3) 0.196
5(4.1) 0 (0) 4(7.5) 1(3.3) 0.207

*For differences among three groups (IFX vs. ADA vs. ETN), Kruskal-Wallis tests were used for non-normally distributed continuous variables and Fisher’s exact tests

were used for dichotomous variables.

IFX, infliximab; ADA, adalimumab; ETN, etanercept; DAS28-CRP, Disease Activity Score in 28 joints using C-reactive protein; RF, rheumatoid factor; anti-CCP, anti-

cyclic citrullinated peptide; ANA, anti-nuclear antibodies; IF-ANA, immunofluorescent-ANA, sDMARD, synthetic disease modifying anti-rheumatic drugs; MTX,

methotrexate; PSL, prednisolone.

https://doi.org/10.1371/journal.pone.0243729.t001

mg/kg every 6-10 weeks thereafter, with ADA at 40-80 mg every 2 weeks subcutaneously, or
with ETN at 25-50mg per week subcutaneously; the dose and interval were changed at the dis-
cretion of the physician. Fifteen cases were excluded due to non-agreement with the study,
and thirteen cases were excluded due to discontinuation of the treatment within 1 year because
of death, financial reasons, operation, hospital transfer, or pregnancy. In addition, fourteen
cases were due to discontinuation of IFX within 14 weeks, ADA within 8 weeks, and ETN
within 8 weeks. As a result, a total of 121 patients treated with TNFi (38, 53, and 30 cases for
IFX, ADA, and ETN, respectively) were prospectively enrolled in this study. As shown in
Table 1, baseline characteristics of the patients enrolled were similar among the three treat-
ment groups except for the frequency of concomitant use of methotrexate (MTX). Mean age
(SD) of the patients excluded from our study (IFX, 8; ADA, 14; ETN, 20) was 47.4 (19.4), 62.4
(12.6), 53.1 (18.0), respectively, and the percentage of female was 87.5%, 85.7%, 95.0%, respec-
tively. There were no demographic differences between our participants and those excluded,
suggesting no selection bias in our participants. However, our sample was not representative
of a larger population because of its small size.

3There were no patients with other autoimmune diseases in the IFX group, although the
ADA group contained two patients with Sjogren’s syndrome, one patient with mixed connec-
tive tissue disease (MCTD), and one patient with SLE. One patient in the ETN group had Sjo-
gren’s syndrome. There were no new cases of SLE onset during anti-TNF therapy, however, one
patient with SLE in the ADA group had been in remission during the ADA administration.

Observation period and the details of TNFi treatment

The observation period for our patients was 52 weeks fundamentally; however, the period for
patients treated with IFX was extended to 156 weeks because HACA was often detected after
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52 weeks. We also measured AAA for ADA patients after 52 weeks, and added the data that
showed change of IF-ANA titers and the existence of AAA until 156 weeks for only 12 patients
treated with ADA. Therefore, analysis for ADA patients was confined to within 52 weeks
because the data after 52 weeks potentially contained selection bias.

IFX, ADA, and ETN were usually started at 3mg/kg, 40 mg every 2 weeks, and 50 mg
weekly, respectively. IFX dosage of the last observation at 156 weeks was 3mg/kg, 3.1-6 mg/kg,
6.1-9.9 mg/kg, and 10 mg/kg in 9, 13, 1, and 15 patients respectively; intervals of IFX adminis-
tration were <7 weeks, 8 weeks, and >9 weeks in 6, 30, and 2 patients, respectively. The last
dosage of ADA was 40 mg every 2 weeks, 40mg every 4 weeks, and 80 mg every 2 weeks in 45,
3, and 5 patients, respectively. The last dosage of ETN was 25 mg weekly in 4 patients and 50
mg weekly in 26 patients during the therapy.

Evaluation of efficacy and treatment discontinuation

Disease activity score in 28 joints using the C-reactive protein (DAS28-CRP) was used to eval-
uate disease activity proposed by the European League against Rheumatism (EULAR) [15].
Poor response (inefficacy) to the therapy was judged at the physician’s discretion by EULAR
response criteria based on DAS28-CRP, and the treatment was discontinued by the physician
when inefficacy or adverse effects were observed.

Measurement of ANA

IF-ANA was measured serially over time with a computer-aided immunofluorescence micros-
copy system (EUROPattern Cosmic IFA analyzer from EUROIMMUN, Luebeck, Germany)
using a specific reagent, Premmune HEp20-10 ITF-ANA "Cosmic" (EUROIMMUN) [16].
EUROPattern detects more than 100 kinds of ANA with high sensitivity but with low specific-
ity for systemic rheumatic diseases. Sera were diluted in 2-fold serial dilutions and IF-ANA
titers were measured semi-quantitatively from 40-fold to 5,120-fold. Positivity was determined
if the titer was 40 or over. An increase or a decrease in IF-ANA titers was defined as more than
2-times change from baseline values or onset of seroconversion.

In addition, the ANA Screen, which detects 11 components of disease-specific ANA
(dsDNA [IgG class], chromatin, Sm, RNP/Sm, RNP, SS-A, SS-B, Scl-70, centromere B, ribo-
somal protein, and Jo-1) with high specificity, was conducted with multiplex flow immunoas-
say, BioPlex ANA screen (Bio-Rad, Hercules, CA) using BioPlex2200 system from Bio-Rad
[10]. The ANA Screen was determined to be positive if one or more of tests for the disease-spe-
cific ANA in the panel were positive.

Measurement of ADrA to IFX and ADA, and the drug levels

The serum concentrations of HACA and AAA as well as their serum drug levels were mea-
sured over time with a radioimmunoassay (RIA) or an enzyme-linked immunosorbent assay
(ELISA) at Sanquin (Amsterdam, Netherlands) in 38 and 53 patients treated with IFX and
ADA, respectively [1,3]. We did not measure anti-ETN antibodies because of their previously
reported rare appearance, which would have made the statistical analysis between ADrA-posi-
tive and negative groups challenging [1-3]. ADrA measurement was performed at least twice
(22 and 46 weeks in principal) for the IFX-treated group, or at 4, 12, 24, and 48 weeks in prin-
cipal for the ADA-treated group. The measurement was added when the efficacy of therapy
was diminished or when the therapy was discontinued because of adverse events such as infu-
sion reaction. The drug levels of IFX and ADA were also measured at the same time.
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Statistics and ethics

Data were compared among two- or three groups using Kruskal-Wallis tests, Mann-Whitney’s
U tests, Fisher’s exact tests, and Wilcoxon signed rank tests as deemed appropriate. Simple
logistic regression analysis was performed to examine the association between IF-ANA titers
and ADrA appearance or treatment inefficacy or discontinuation. The tests were two-tailed
and a value of P <0.05 was considered significant. All statistical analyses were performed using
JMP®10 (SAS Institute Inc., Cary, NC). This study was carried out under approval of the eth-
ics committee of Shinko Hospital and all patients agreed to participate in the study (approval
numbers: 947, 1306, 1743).

Results

Appearance of ADrA and treatment discontinuation during anti-TNF
therapy

Changes in IF-ANA titers of 38 patients treated with IFX and 53 patients treated with ADA are
shown in Fig 1A and 1B, respectively. The figures for patients who became ADrA-positive are
separately shown from ADrA negative patients; the timepoint where ADrA firstly appeared is
marked with open circles (left sides of Fig 1A and 1B). HACA appeared 14 weeks after I[FX
therapy in the earliest case and became positive in 8 cases (21.1%) within 1 year (52 weeks), 11
cases (28.9%) within 2 years (104 weeks), and 14 cases (36.8%) within 3 years (156 weeks) (Fig
1A). On the other hand, AAA appeared in 16 of 53 cases (30.2%) within 52 weeks of ADA ther-
apy (Fig 1B). AAA became positive as early as 4 weeks after ADA therapy, and the mean time
for AAA appearance was 21.7 weeks which was significantly faster than 67.6 weeks for HACA
appearance (P = 0.009).

The serum concentration of IFX at the point of HACA appearance in 14 patients was less
than 0.1 ug/ml except for one patient with 0.3 pg/ml IFX. The levels were significantly low
compared with the trough concentration of 5.9 + 6.5 pg/ml (mean + SD) in 24 patients nega-
tive for HACA (P < 0.0001). The serum concentration of ADA at the point of AAA appear-
ance in 16 patients was less than 0.1 pg/ml in six patients and 0.6-14.1 ug/ml in other ten
patients; the levels were significantly low as compared with the trough concentration of
13.2 + 9.2 pug/ml (mean + SD) in 37 patients negative for AAA (P < 0.0001).

As for treatment discontinuation, 13 (24.5%) among 53 treated with ADA discontinued the
therapy within 52 weeks (Fig 1B), whereas only 5 cases (13.2%) discontinued IFX within 52
weeks and the number increasing to 18 cases (47.4%) within 156 weeks (Fig 1A). In both IFX
and ADA treatment groups, the discontinuation was observed more frequently in the ADrA
positive group. The rate of treatment inefficacy and discontinuation between 0-52 weeks was
higher in the HACA-positive group than the negative group (5/8 [62.5%] vs. 3/30 [10.0%],

P =0.0049; and 3/8 [37.5%] vs. 2/30 [6.7%], P = 0.053, respectively), and the rate at 156 weeks
was also significantly higher in HACA-positive group than in negative (8/14 [57.1%] vs. 4/22
[18.2%], P = 0.029; and 11/14 [78.6%] vs. 5/22 [22.7%], P = 0.002, respectively). The rate of
inefficacy and discontinuation of ADA treatment within 52 weeks was also higher in the AAA-
positive group than in the negative group (14/16 [87.5%] vs. 5/37 [13.5%], P < 0.0001; and 8/
16 [50.0%] vs. 5/37 [13.5%], P = 0.012, respectively).

Relation of ANA presence before anti-TNF therapy to ADrA appearance

The positive rate for IF-ANA before therapy was 84.2% (32 of 38 patients), 83.0% (44 of 53
patients), and 83.3% (25 of 30 patients) in IFX, ADA, and ETN groups, respectively. The posi-
tive rate for ANA Screen before therapy was low (IFX, 23.7%; ADA, 34.0%; ETN, 13.3%);
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Fig 1. Change of IF-ANA titers and the presence of ADrA in patients treated with anti-TNF inhibitors. [F-ANA titers in the patients with (left) or without
(right) ADrA against (a) IFX or (b) ADA are presented in the line graphs. Solid lines indicate the patients whose IF-ANA titers at the endpoint of the observation
increased as compared with that of the starting point. Dashed lines indicate the patients whose titers were stable or decreased. Interruption of the graph indicates
withdrawal of the anti-TNF therapy. The white circle (o) indicates the time when ADrA turned positive, and the black circle (®) indicates when ADrA turned
negative again. The black triangles (A) indicate the patients who discontinued the IFX therapy due to hospital transfer or financial reasons between 53-156
weeks (w). ADrA, anti-drug antibodies; IFX, infliximab; ADA, adalimumab; HACA, anti-IFX antibodies; AAA, anti-ADA antibodies.

https://doi.org/10.1371/journal.pone.0243729.g001

however, the positive rate in both IF-ANA and ANA Screen was not significantly different
among the three groups. There were two cases positive for dSSDNA Ab before therapy only in
the ADA group. Following this, the relationship of ANA presence before TNFi therapy with
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ADrA positive between 0-52 weeks was compared by IF-ANA presence or absence before anti-TNF therapy. The
percentages and absolute numbers of each group of patients are indicated just above the bar graphs. Fisher’s exact test
was used for comparison. ADrA, anti-drug antibodies; IFX, infliximab; ADA, adalimumab.

https://doi.org/10.1371/journal.pone.0243729.9002

the appearance of ADrA was investigated in 38 IFX-treated patients including 14 HACA-posi-
tive cases and in 53 ADA-treated patients including 16 AAA-positive cases. Notably, ADrA
never appeared in 15 patients negative for IF-ANA before TNFi (6 cases with IFX and 9 cases
with ADA), whereas IF-ANA was positive (> 40) before TNFi in all of the patients positive for
ADrA (Fig 2). The positive rate for ADrA was significantly higher in the IF-ANA-positive
group before TNFi than in the negative group (P = 0.009). The positive rate of AAA during the
52 weeks was significantly higher in patients positive for IF-ANA before ADA than in those
negative (16/44 [36.4%] vs. 0/9 [0%], P = 0.044), whereas that of HACA during the 52 weeks
was high but not significant in patients positive for IF-ANA. Notably, HACA never appeared
until 156 weeks in 6 cases negative for IF-ANA before IFX. Positive likelihood ratio (LR+) of
IF-ANA for appearance of ADrA was 1.29 (not significant) whereas the negative likelihood
ratio (LR-) was zero, and the odds ratio (OR) was calculated as infinitely great (95% CI = 3.2-
00, P = 0.0014), although the sample size was small. There was no relationship between the
IF-ANA staining patterns (homogeneous, speckled, nucleolar, and cytoplasmic) before therapy
and ADrA appearance.

Positivity for ANA Screen before the therapy was not significantly related to ADrA
appearance, although the rate of the appearance had tended to increase in the patients posi-
tive for ANA Screen (40.7% vs 20.3%, P = 0.067) (S1 Fig). However, LR+ and LR- of the
ANA Screen before the treatment were 1.91 and 0.71, respectively, and OR was calculated as
2.7 (95% CI = 1.01-7.26, P = 0.048). Relationship of ANA Screen and eleven components of
disease-specific ANA before TNFi therapy to the appearance of ADrA during 0 to 52 weeks
is shown in S2 Fig. LR+ and LR- of the SSA Ab before the treatment were 2.44 and 0.80,
respectively, and OR was calculated as 3.04 (95% CI = 0.94-9.70, P = 0.062). In this study,
SSA Ab was positive in 15 (55.6%) of 27 patients positive for ANA Screen before anti-TNF
therapy.

In summary, the presence of IF-ANA and probably disease-specific ANA before anti-TNF
therapy were closely related to ADrA appearance, suggesting an association of immunogenic-
ity with autoimmunity.
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Changes in ANA positivity and their titers during TNFi treatment

Next, in order to compare the intensity of autoimmunity caused by the 3 kinds of TNF,,
changes in IF-ANA titers and anti-dsDNA antibodies were compared from the start of TNFi
until the end of the observation period. IF-ANA titers increased in 18 (47.4%) of 38 cases
treated with IFX, and the percentage of patients whose IF-ANA titers increased was signifi-
cantly higher in the IFX group than in the ADA- and in ETN groups (P = 0.026 and P = 0.022,
respectively) (Fig 3). Four cases in the IFX group, 1 case in the ADA group, and 1 case in the
ETN group turned positive for IF-ANA after therapy (seroconversion), whereas no cases in
the IFX group, 2 cases in the ADA group, and 1 case in the ETN group turned negative for
IF-ANA after therapy. There were no cases of lupus onset in all 121 cases during the observa-
tion time.

As for ANA Screen, only 5 cases (IFX, 2; ADA, 2; ETN, 1) turned positive from negative;
however, the positive rate remained nearly unchanged after the therapy. As for dsDNA Ab,
only 3 patients (IFX, 1; ADA, 2; ETN, 0) turned positive from negative after the therapy,
although the mean titers slightly but significantly increased after treatment with IFX, ADA,
and ETN (1.42 to 2.47 IU/ml, P = 0.0005; 2.43 to 3.92 IU/ml, P < 0.0001, and 1.40 to 1.93 TU/
ml, P = 0.0023, respectively) (S3 Fig).

Relationship of IF-ANA titers after IFX therapy with ADrA appearance

As seen in Fig 1, IF-ANA titers seemed to increase after IFX therapy, especially in the HACA-
positive group, which often resulted in treatment discontinuation. As to the relationship of
IF-ANA titers to ADrA appearance after IFX and ADA, the positive rate for HACA was signif-
icantly higher in the patients positive for IF-ANA titers of >320 and >640 after the therapy

(P =0.0022 and P = 0.0004, respectively); however, IF-ANA titers after ADA therapy were not
related to AAA appearance (Fig 4). The rate of ADrA appearance was higher in the patients
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Fig 3. Changes in the titers of IF-ANA after each anti-TNF therapy. Percentages of patients whose IF-ANA titers
increased, were stable, and decreased after each anti-TNF therapy (IFX, 0-52 weeks or 0-156 weeks; ADA, ETN, 0-52
weeks) are shown in the bar graph. The IF-ANA change was classified into 3 groups as increase, no change (stable), or
decrease in IF-ANA value after the therapy compared with the value before the therapy. IF-ANA increase or decrease
was defined as more than 2 times increase or decrease from baseline values, or onset of positive- or negative-
seroconversion. IFX, infliximab; ADA, adalimumab; ETN, etanercept. w, weeks. P < 0.05; a vs. b, c.

https://doi.org/10.1371/journal.pone.0243729.9003
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https://doi.org/10.1371/journal.pone.0243729.g004

whose IF-ANA had increased after therapy than in those not increased (43.8% vs. 28.1%) but
the difference was not significant (S4 Fig).

As to ANA Screen, the positive rate of ADrA was significantly higher in the patients positive
for ANA Screen than in the negative after both IFX for 0-156 weeks and ADA therapy for
0-52 weeks (8/11 [72.7%] vs. 6/25 [24.0%], P = 0.0097; and 9/17 [52.9%] vs. 7/36 [19.4%],

P =0.023, respectively). The mean titers of dsSDNA Ab significantly increased more in the
patients positive for HACA than in those negative (P = 0.022) (S5 Fig), but the increase of
dsDNA Ab was not different between AAA presence or absence. These results suggested that
the association between autoimmunity and immunogenicity was possibly stronger in patients
treated with IFX than those with ADA.

Prediction of ADrA appearance, treatment inefficacy, and discontinuation
by IF-ANA titers

Finally, in order to reveal whether measuring IF-ANA enables us to predict treatment fail-
ure through estimation of ADrA appearance, we analyzed the relationship of IF-ANA
before TNFi therapy to treatment inefficacy and discontinuation in addition to ADrA
appearance. The rate of treatment inefficacy and discontinuation within 52 weeks were sig-
nificantly higher in patients positive for IF-ANA before IFX and ADA treatment than in the
IF-ANA negative group (P = 0.034 and P = 0.036, respectively). Moreover, high titers of
IF-ANA before IFX showed a significant association with HACA appearance within 52
weeks (IF-ANA > 320, odds ratio [OR] = 5.47, 95% confidence intervals [CI] = 1.08-32.8,
P =0.040; and IF-ANA > 640, OR = 9.0, 95% CI = 1.50-63.6, P = 0.017) (Fig 5A). There was
also an association with treatment inefficacy (IF-ANA > 320, OR = 5.47, P = 0.040; and
IF-ANA > 640, OR =9.0, P = 0.017) (Fig 5D) as well as with treatment discontinuation
(IF-ANA > 640, OR = 10.8, P = 0.023) (Fig 5G). Higher titers of IF-ANA before IFX were
strongly associated with HACA appearance, treatment inefficacy, and discontinuation until
156 weeks of IFX therapy (Fig 5B, 5E and 5H). On the other hand, IF-ANA titer before
ADA treatment was not related to AAA appearance, treatment inefficacy, or discontinua-
tion (Fig 5C, 5F and 5I).
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Fig 5. IF-ANA titers before IFX therapy were associated with HACA appearance and the treatment effect. Odds
ratios for each outcome were calculated using simple logistic regression models. Simple model of HACA appearance
between 0-52 weeks (a) or between 0-156 weeks (b) in the patients positive for IF-ANA titers of >80, >160, >320,
>640 before starting IFX therapy. Simple model of AAA appearance between 0-52 weeks in the patients positive for
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performed for treatment inefficacy in (d)-(f), and for treatment discontinuation in (g)-(i). In (b), (e), and (h), two
patients treated with IFX were excluded from the analysis due to discontinuation by hospital transfer or financial
reasons. Mean values are indicated by dots with numbers, and 95% confidence intervals are indicated by two-sided
lines. HACA, anti-IFX antibodies; AAA, anti-ADA antibodies. *, P < 0.05.

https://doi.org/10.1371/journal.pone.0243729.9005

Discussion

This article was an observational study of ANA change in RA patients treated with biologics,
and was also incorporated with a study of ADrA in part prospectively to clarify the direct rela-
tionship of ANA to ADrA appearance in 121 RA patients treated with TNFi. Total ANA and
disease-specific ANA were serially measured by a computer-aided immunofluorescence
microscopy system (IF-ANA) and by multiplex flow immunoassay (ANA Screen), respectively.
We found that IF-ANA increased during the therapy only in IFX, but not so much in ADA
and ETN; both HACA and AAA frequently appeared in patients positive for IF-ANA before
therapy, especially positive for that of high titers, and often connected to treatment failure (Fig
1). We compared the characteristics of patients with and without ADrA against IFX or ADA
(S1 Table and S2 Table). No significant differences were seen between the patients with and
without ADrA. However, as previously reported [1,2], MTX dosage in IFX group or
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concomitant MTX in ADA group were probably related with immunogenicity (P = 0.069 and
P =0.060, respectively).

There has been a growing number of reports on the development of systemic autoimmune
diseases such as SLE and systemic vasculitis in RA patients treated with TNFi, but the rate was
roughly less than 1% [6,7]. Among the 121 cases examined in the present study, there was no
onset of lupus during the observation period. Autoantibodies such as ANA and anti-dsDNA
Ab have been often newly induced or increased during anti-TNF therapy [9,10], which report-
edly lead to poor treatment response [9,11,12]. These reports suggest that anti-TNFi therapy
evoked autoimmune reactions and induced the treatment failure of the patients. Ishikawa et al.
examined the association between immunogenicity, autoantibody production, and serum
cytokine profiles in 57 patients treated with IFX, reporting that patients positive for ADrA
(HACA) developed ANA with >160 titers, compared with ADrA negative patients, and that
anti-DNA Abs significantly increased in the positive patients compared with the negative
patients [17]. Thus, they speculated a linkage of development of HACA (immunogenicity) and
lupus-like autoantibody production (autoimmunity) along with increased levels of type I inter-
feron. Jani et al. suggested that patients predisposed to developing immunogenicity might also
be prone to seroconversion of other autoantibodies [14]. We essentially agree with the opinion,
but also think that the opposite may occur as well: patients predisposed to developing autoim-
munity may be prone to producing anti-TNFi antibodies.

Here, we clarified that all 30 cases with ADrA were positive for IF-ANA before TNFi while
there was no appearance of ADrA over the long term in the 15 patients negative for IF-ANA
before anti-TNF therapy (Fig 1). The association between IF-ANA before TNFi treatment and
ADrA appearance is noteworthy. Thus, we could predict before TNFi therapy no appearance
of ADrA by negative IF-ANA and the appearance of ADrA by positive ANA Screen. Moreover,
if the patient had high IF-ANA titers before IFX therapy, LR+ for ADrA appearance increased
up to 2.68 and 5.00 in cases of >320 or >640, respectively. As appearance of ADrA was signifi-
cantly associated with inefficacy and discontinuation of the treatment, measurement of ANA
before TNFi therapy was thought to be useful in routine medical treatment. This is the first
report showing the direct association of high ANA titers with HACA appearance in RA
patients treated with IFX, although these finding were partly reported in 29 patients with psori-
asis by Hoffmann et al. [18]. They reported that HACA-positive patients had significantly
higher pretreatment concentrations of dsSDNA Ab and higher pretreatment ANA titers than
HACA-negative patients (P = 0.012 and P = 0.075, respectively).

It is reported that long intervals of IFX infusions induce HACA because undetectable
serum levels of IFX may be a risk of ADrA and bDMARD dose and treatment interval is criti-
cal for ADrA production [1,2]. In our study, the interval of IFX, ADA and ETN were mostly
stable during the therapy, and the dosage of IFX, ADA and ETN was not significantly different
between the patients with and without ADrA. Although the dosage of TNFi increased in 29
patients treated with IFX and 5 patients treated with ADA, this change was not observed in
any patient treated with ETN. However, in patients treated with IFX, 12 among 14 patients
(85.5%) positive for ADrA received increased dosage during the therapy, but the dosage was
also increased in 17 among 24 patients (70.8%) negative for ADrA. The percentage of patients
receiving increased dosage was not significantly different, suggesting that TNFi themselves
neutralize and diminish ADrA.

We have shown two additional pieces of evidences suggesting that patients predisposed to
developing autoimmunity may be prone to produce anti-TNFi antibodies. First, we could pre-
dict the appearance of ADrA by positive ANA Screen (OR: 2.7, P = 0.048) and possibly by pos-
itive SSA Ab (OR: 3.04, P = 0.062) before TNFi therapy. SSA Ab was most frequently observed
among 11 components of disease-specific ANA; however, only 15 patients (16.5%) were
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positive among 91 patients. Therefore, it is difficult to say clearly that SSA Ab test could be a
replacement for ANA Screen test, but we consider that presence of SSA Ab was also a risk fac-
tor for ADrA appearance as reported [19,20]. Matsudaira et al. reported that SSA Ab is an
independent factor associated with insufficient response to TNFi therapy in RA patients but
that positive rate and titers of SSA Ab did not change during the therapy, while ANA and
dsDNA Ab titers were increased from baseline [19]. Hagiwara et al. mentioned that SSA Ab-
positive RA patients treated with IFX showed higher frequency of HACA and seroconversion
of ANA [20]. Another piece of evidence is the significant increment in dsDNA Ab titers after
therapy in patients treated with either IFX, ADA, or ETN (S3 Fig), suggesting that autoimmu-
nity was enhanced by inhibiting the TNF pathway. However, the DNA Ab titers increased
more in ADrA-positive patients than in ADrA negative patients with IFX therapy (S5 Fig), but
not with ADA therapy. At least in our study, not only higher pretreatment IF-ANA titers, but
also higher IF-ANA titers after IFX therapy, were closely associated with HACA-positivity.

Therefore, it is speculated that predisposition of autoimmunity such as positivity for
IF-ANA, SSA Ab, and dsDNA Ab are prone to generate ADrA such as HACA and AAA
(immunogenicity), and that the relationship between autoimmunity and immunogenicity was
prominent in IFX therapy because HACA production was closely associated with increased
IF-ANA and dsDNA Ab titers from baseline. The mechanism was unclear; however, we con-
sider that stronger interaction between immunogenicity and autoimmunity is evoked during
IFX therapy than during ADA therapy. This speculation is based on the increase in IF-ANA
during IFX therapy, but not so much during ADA, and that IFX was anti-TNF antibodies of
chimeric type and stronger immunogenic response to human. However, TNFi themselves not
only evoke autoimmunity but also neutralize ADrA. Therefore, increase in the dose and short-
ening of treatment interval that was often performed in IFX therapy is transiently effective, but
possibly accelerates the production of ADrA as well as autoantibodies.

The limitations of this study include the small sample size. In order to make a clear conclu-
sion regarding the relationship between autoimmunity and immunogenicity, it is necessary to
increase the number of cases for further examination. Second, the positive rate for [F-ANA
before TNFi was roughly 80% and slightly high. Positive titers in our study included staining
patterns other than nuclei, such as cytoplasm and centrosome. IF-ANA was measured using a
computer-aided immunofluorescent microscopy system (EUROPattern), which had high sen-
sitivity and was assessed on a monitor instead of direct visualization through a microscope.
However, the IF-ANA positivity in 40 IF-ANA tested patients among the 42 excluded patients
was 75.0% and was not significantly different from the value of 83.5% in the 121 enrolled
patients. The IF-ANA positive rate before therapy in 33, 69, and 27 patients treated with toci-
lizmab, abatacept, and golimumab was 87.9%, 81.7%, and 81.5% respectively, which was
almost same as that of our enrolled patients. However, positivity of IF-ANA in 493 RA patients
not treated with biologics was 74.6% and lower than that of 83.5% in the 121 enrolled patients
(P =0.0145), suggesting high IF-ANA positivity for patients treated with biologics because of
their higher disease activity. The second limitation is that our results could be brought about
by the highly sensitive IF-ANA assay.

The present study suggests that the presence of IF-ANA before the TNFi therapy is a risk
factor for ADrA appearance as well as for treatment inefficacy. Measuring IF-ANA could be
useful to make an appropriate choice of IFX, ADA, and ETN. If IF-ANA is negative, any of the
three TNFi can be used without ADrA. It may be better to avoid IFX and probably ADA for
patients with ANA of high titers. We believe that this study is novel in suggesting that the mea-
surement of IF-ANA before TNFi in RA may help predict secondary failure and adverse events
through estimation of ADrA appearance and in directly showing that the interaction of immu-
nogenicity with autoimmunity could be brought during anti-TNF therapy.
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Conclusion

Our findings suggest that the presence of IF-ANA before TNFi therapy is a risk factor for
ADrA appearance as well as for treatment inefficacy. Fourteen patients (36.8%) treated with
IFX and 16 patients (30.2%) with ADA turned positive for ADrA, all of whom were positive
for IF-ANA before the therapy. In contrast, none turned positive for ADrA in 15 patients neg-
ative for IF-ANA before therapy (6 with IFX and 9 with ADA). The presence of IF-ANA before
anti-TNF therapy may be a risk factor for the appearance of ADrA. In patients treated with
IFX, high titers of IF-ANA before and after therapy correlated with ADrA appearance and
could predict ADrA appearance and possibly secondary failure. Therefore, measuring IF-ANA
before TNFi therapy may be useful for appropriately selecting the TNFi. Among the three
TNF, IF-ANA increased especially during IFX therapy, and only IFX showed a close relation-
ship between IF-ANA and ADrA appearance, suggesting interaction of immunogenicity with
autoimmunity. Since the number of cases examined in this study was small, it is necessary to
increase the number of cases for further examination.

Supporting information

S1 Fig. Relevance of ANA Screen presence before anti-TNF therapy to appearance of
ADrA. The rate of ADrA appearance between 0-52 weeks was compared with ANA Screen
presence or absence before anti-TNF therapy. The percentage and absolute number of each
group are indicated above the bar in each graph. Fisher’s exact test was used for comparison.
ADrA, anti-drug antibodies; IFX, infliximab; and ADA, adalimumab.

(TTF)

S2 Fig. ANA Screen, 11 components of disease-specific ANA before TNFi therapy, and
ADrA appearance. The absolute number of patients positive for ANA Screen, and each of the
11 items of disease-specific ANA before TNFi (IFX + ADA) therapy (at 0-52 weeks) are
shown in the bar graphs (n = 91). Numbers in the bar graphs colored in gray indicate the
patients who became positive for ADrA, and numbers outside the bar graphs indicate the total
number of patients. IFX, infliximab; ADA, adalimumab; ADrA, anti-drug antibodies.

(TIF)

S3 Fig. Changes in the titers of dsDNA Ab after anti-TNF therapy. Titers of dsSDNA Ab
were shown before and after anti-TNF therapy in patients treated with TNFi (IFX, 0-52 weeks
and 0-156 weeks; ADA, 0-52 weeks; and ETN, 0-52 weeks). Each fine line shows a single
patient, and the bold lines show the average titers as mean = SEM. In one patient in the ADA-
treated group, the titer was 17 IU/ml before the therapy and increased to 44 IU/ml after the
therapy. Wilcoxon signed rank test was used for comparison. IFX, infliximab; ADA, adalimu-
mab; and ETN, etanercept.

(TIF)

S4 Fig. Relevance of IF-ANA increase after anti-TNF therapy to the appearance of ADrA.
The rate of ADrA positive was compared by IF-ANA increased (1) or not increased (— or |)
after anti-TNF therapy. The percentages and absolute numbers of each group of patients are

indicated above the bar graphs. The Fisher’s exact test was used for comparison. ADrA, anti-
drug antibodies; IFX, infliximab; ADA, adalimumab.

(TIF)

S5 Fig. Comparison of DNA Ab titers before and after IFX therapy between HACA-posi-
tive and negative patients. Each line shows a single patient treated with IFX (0-156 weeks).
Solid and dashed lines show patients positive and negative for HACA, respectively. The bold
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lines show the average titers as the mean + SEM. The titers of dssSDNA Ab increased more sig-
nificantly in the patients positive for HACA than in those negative. Two patients whose titers
of dsDNA Ab became >10 IU/mL after therapy were judged as having seroconversion of
dsDNA Ab and were shown positive for HACA at the same time. The titers before and after
IFX therapy in the group positive or negative for HACA were noted as the mean + SEM under
the line graph. The Mann-Whitney U test was used for inter-group comparison. ns: not signifi-
cant; *: P=0.014.

(TIF)

S§1 Table. Characteristics of 38 RA patients treated with IFX, according to the presence or
absence of anti-drug antibodies.
(TIF)

$2 Table. Characteristics of 53 RA patients treated with ADA, according to the presence or
absence of anti-drug antibodies.
(TIF)
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