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Real‑world retention rates 
of biologics in patients 
with rheumatoid arthritis
Kenji Takami 1,2* & Shigeyoshi Tsuji 1

Although biologics have their own characteristics, there are no clear criteria for selecting them to 
treat the patients with rheumatoid arthritis. To assist in selecting biologics, we investigated the 
retention rates of biologics at our institution. We examined retention rates, and reasons for dropout 
for biologics in 393 cases and 605 prescriptions (of which 378 prescriptions were as naive) at our 
hospital since October 2003. Throughout the entire course of the study, etanercept (ETN) was the 
most frequently used biologic, followed by adalimumab (ADA) and tocilizumab (TCZ). When narrowed 
down to the later period from 2010, ETN was still the most used, followed by TCZ and abatacept 
(ABT). When the retention rates were compared in biologic naive patients, the retention rates were 
TCZ, ABT, ETN, certolizumab pegol (CZP), golimumab (GLM), infliximab (IFX), and ADA, in that order. 
The retention rates were better with the first use of each biologic. The main reasons for dropout were 
primary ineffectiveness, secondary ineffectiveness, and infection. ETN was the most used biologic 
in our hospital, with an increasing trend toward the use of non‑TNF inhibitors. Retention rates were 
higher in non‑TNF inhibitors.

Various biologics have been introduced in the treatment of rheumatoid arthritis (RA), and their therapeutic 
outcomes have been improving. In Japan, since the approval of infliximab in 2003, new biologics have been 
approved one after another in clinical  use1.

Although each biologic has its own characteristics, there are no clear criteria for selecting the one to use, 
and the choice depends on the decision of the clinician. Since the oral surveillance test had been  reported2, the 
use of biologics has been considered over JAK inhibitors, and it is expected that there will be increasing cases 
concerned about the choice of biologics.

To assist in the selection of biologics, we investigated the retention rates of biologics, excluding janus kinase 
(JAK) inhibitors and sarilumab, at our institution.

Results
Trends in biologics selection
Throughout the entire course of the study, ETN was the most frequently used biologic, followed by ADA and 
TCZ (Fig. 1a).

When narrowed down to the later period from 2010, ETN was still the most used, followed by TCZ and ABT, 
indicating an increase in the use of non-tumor necrosis factor (TNF) inhibitors (Fig. 1b).

Background factors
The background factors for each biologic are shown in Table 1. The background factors that differed among 
biologics were age, history of biologic use, and MTX usage. When comparing only in naïve patients, differences 
were observed in age and MTX usage, and blood data showed that KL6 tended to be higher in the non-TNF 
inhibitors group (Table 2).

Each biologic tended to have an increased rate of primary ineffectiveness with second or later use (Fig. 2, 
Table 3). Conversely, no differences were observed in adverse effects (Table 3).
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Retention rates
When the retention rates were compared only in naïve patients, the rates were TCZ, ABT, ETN, CZP, GLM, IFX, 
and ADA, in that order (Fig. 3). When TNF inhibitors other than ETN were grouped together and compared by 
group, TCZ, ABT, ETN, and anti-TNF monoclonal antibodies had the good retention rates, in that order (Fig. 3). 
Although the sample size is small, added the graph of retention rates adjusted for age, sex, BMI, ACPA and RF 
positivity, concomitant doses of PSL and MTX (Supplementary Fig. S1). The adjusted graph was compared to 
the unadjusted graph, but no change in trend was observed.

MTX use was significantly positively contributing to retention rates for ETN, ADA, and GLM (Supplemen-
tary Table S1).

When the difference in the retention rates was compared between naïve patients and the other patients for 
each biologic, the rates were still better with the first use of each biologic. That was more pronounced for ABT and 
TNF inhibitors (Fig. 4a–c, Tables 4, 5, 6, Supplementary Figs. S2–S5, Supplementary Tables S2–S5). As ETN is 
Fc-fusion proteins with less immunogenicity, the retention rate of TNF inhibitors except for ETN was also evalu-
ated (Fig. 4d). Overall, retention rates worsened, but still remained significantly better for use with naïve patients.

In addition, ABT was examined for the difference in the retention rates between intravenous and subcutane-
ous, however, no significant differences were found (Fig. 5a,b, Tables 7, 8).

Reasons for dropout
The reasons for dropout were examined for each biologic (Fig. 6a). The reasons for dropout were also examined 
only in naïve patients (Fig. 6b). In all cases, the main reasons were primary ineffectiveness, secondary ineffective-
ness, and infection, and the dropout rate due to primary ineffectiveness was lower when each biologic was used 
in naïve patients than used in the second or later use patients. The dropout rate due to primary ineffectiveness 
was the lowest in TCZ group, although the difference was not significant (Table 9, Supplementary Table S6).

Conversely, the dropout rate due to infection was the highest in TCZ group, although the difference was not 
significant (Table 10, Supplementary Table S7).

The dropout due to infection is fully clarified in Supplementary Table S8.

Figure 1.  The prescription of biologics. (a) The prescription of biologics throughout the entire course of the 
study. (b) The prescription of biologics when narrowed down to the later period from 2010.

Table 1.  Baseline characteristics of patients in each group. Data are shown as mean ± standard deviation, 
unless otherwise specified. BMI body mass index, ACPA anti-cyclic citrullinated peptide antibody, RF 
rheumatoid factor, PSL prednisolone, MTX methotrexate, ABT abatacept, TCZ tocilizumab, IFX infliximab, 
ETN etanercept; ADA adalimumab, GLM golimumab, CZP certolizumab pegol.

ABT TCZ IFX ETN ADA GLM CZP p-value

Cases (no.) 67 84 74 224 86 44 25

Age (years) 69.1 ± 11.8 60.8 ± 15.3 51.6 ± 12.8 59.9 ± 16.1 61.9 ± 14.1 67.2 ± 9.75 61.2 ± 13.9  < 0.0001

Male rate (%) 23.9 20.2 32.4 16.5 18.6 18.2 20 0.1475

Body weight (kg) 54.8 ± 14.4 55.5 ± 11.5 58.4 ± 12.8 53.9 ± 11.5 54.4 ± 12.1 55.2 ± 13.5 55.6 ± 12.5 0.2771

BMI 22.7 ± 4.2 22.6 ± 3.9 22.5 ± 3.7 21.9 ± 3.7 22.1 ± 3.6 23.2 ± 4.8 22.5 ± 3.5 0.4376

Order of biologic use (no.) 2 2.3 1.1 1.2 1.7 2 2  < 0.0001

Biologic naïve patients (%) 52.2 21.4 95.9 81.7 46.5 50.0 36.0  < 0.0001

ACPA positivity (%) 89.6 97.6 90.5 88.2 87.1 88.6 92 0.3094

RF positivity (%) 82.1 86.9 82.2 78.5 75.6 81.8 76 0.5908

PSL usage (%) 61.2 61.9 71.8 63.8 60 65.9 48 0.3755

MTX usage (%) 70.1 67.9 98.6 72.9 82.6 93.2 80  < 0.0001

PSL dose (mg/day) 4.4 ± 2.7 5.2 ± 2.6 5.9 ± 2.8 5.4 ± 3.0 4.4 ± 2.2 4.5 ± 2.2 4.6 ± 2.0 0.0116

MTX dose (mg/week) 7.6 ± 3.7 8.5 ± 3.9 7.7 ± 2.6 6.9 ± 2.7 8.3 ± 3.9 7.6 ± 3.9 10.2 ± 3.8  < 0.0001
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Discussion
Among biologics, ETN and TCZ were prescribed more frequently at our institution, and recently ABT has been 
increasingly prescribed. There were also differences in the background factors such as age, MTX usage, and KL6 
levels. The tendency to use of ABT in older patients may reflect the finding that the risk of infection does not 
increase with age in postmarketing  surveillance3. For the difference in MTX usage, ABT, TCZ, and ETN may be 
selected for patients who are unable to satisfactorily use MTX. Because TNF inhibitors, except for ETN which is 
relatively resistant to the emergence of anti-drug antibodies, have the high risk of immunogenicity when MTX 
cannot be used  together4,5. Moreover, some reports indicate that there is no significant difference in the efficacy 
with and without MTX for ABT and  TCZ6,7. TNF inhibitors are associated with a risk of exacerbation of inter-
stitial lung  disease8,9. The higher KL-6 in the ABT group may reflect the relatively safe use of ABT in patients at 
risk for interstitial  pneumonia8–10.

TCZ had the best retention rate, followed by ABT and ETN like that reported  previously7,11–13. Although the 
sample size is small, the retention rates adjusted for age, sex, BMI, ACPA and RF positivity, concomitant doses 

Table 2.  Baseline characteristics of patients of biologic naïve in each group. Data are shown as 
mean ± standard deviation, unless otherwise specified. BMI body mass index, ACPA anti-cyclic citrullinated 
peptide antibody, RF rheumatoid factor, MMP3 matrix metalloprotainase-3, PSL prednisolone, MTX 
methotrexate, CRP C-reactive protein, ESR erythrocyte sedimentation rate, IgG immunoglobulin G, KL6 
sialylated carbohydrate antigen KL6, ABT abatacept, TCZ tocilizumab, IFX infliximab, ETN etanercept; ADA 
adalimumab, GLM golimumab, CZP certolizumab pegol.

ABT TCZ IFX ETN ADA GLM CZP p-value

Cases (no.) 35 18 71 183 40 22 9

Age (years) 71.1 ± 10.2 63.1 ± 14.7 51.1 ± 12.8 60.8 ± 16.4 58.3 ± 12.5 66.2 ± 9.7 62.3 ± 7.3  < 0.0001

Male rate (%) 25.7 27.8 32.4 17.5 20 18.2 11.1 0.2211

Body weight 
(kg) 55.5 ± 12.7 56.1 ± 11.7 58.2 ± 11.7 53.9 ± 11.8 54.3 ± 10.0 53.5 ± 9.7 54.6 ± 9.2 0.2607

BMI 22.9 ± 4.2 22.5 ± 4.2 22.4 ± 3.4 22.0 ± 3.6 22.0 ± 3.0 22.4 ± 4.1 22.4 ± 3.5 0.9064

ACPA positiv-
ity (%) 88.6 100 90.1 87.2 82.1 86.4 88.9 0.6646

RF positivity 
(%) 80 100 81.4 76.4 72.5 77.3 77.8 0.3509

MMP3 (ng/
ml) 312 ± 297.0 336 ± 361.5 362 ± 287.2 251 ± 251.1 238 ± 260.0 216 ± 228.7 290 ± 262.2 0.0811

PSL usage (%) 57 67 72 65 45 59 22 0.0157

MTX usage 
(%) 74 50 99 71 90 100 100  < 0.0001

PSL dose (mg/
day) 5.1 ± 3.0 5.7 ± 2.4 6.0 ± 2.8 5.4 ± 3.0 4.2 ± 1.3 4.5 ± 2.8 4.5 ± 0.7 0.0035

MTX dose 
(mg/week) 7.5 ± 3.6 8.8 ± 3.6 7.9 ± 2.4 7.0 ± 2.9 8.2 ± 3.3 7.8 ± 3.5 10.9 ± 2.7  < 0.0001

CRP (mg/dl) 2.0 ± 1.8 3.2 ± 2.9 3.4 ± 3.9 2.4 ± 2.4 2.3 ± 2.7 2.6 ± 3.0 2.4 ± 2.8 0.1718

ESR (mm) 57.9 ± 25.9 69.4 ± 32.6 61.6 ± 35.8 64.2 ± 36.7 67.1 ± 37.7 67.5 ± 27.6 69.7 ± 41.4 0.8630

IgG (mg/dl) 1589.3 ± 380.6 1513.1 ± 427.9 1509.9 ± 383.1 1402.7 ± 375.6 1484.5 ± 347.8 1391.8 ± 310.1 1349.0 ± 335.9 0.2047

KL6 (U/ml) 387.9 ± 310.5 339.9 ± 194.6 208.2 ± 64.6 296.7 ± 251.0 259.6 ± 132.6 330.2 ± 219.1 311.2 ± 88.6 0.0147

Figure 2.  The rate of primary ineffectiveness of each biologic.



4

Vol:.(1234567890)

Scientific Reports |        (2023) 13:21170  | https://doi.org/10.1038/s41598-023-48537-z

www.nature.com/scientificreports/

of PSL and MTX were unchanged from the unadjusted case. The reversal of the retention rates for ETN and TCZ 
compared to the previous  report14 may be due to differences in sample size, age and percentage of males, as well 
as the authors’ affiliation. However, we believe that there is no contradiction in the tendency that the retention 
rates of ETN and TCZ are better than ADA and IFX. Except for ETN, TNF inhibitor users often experienced 
primary or secondary inefficacy as the cause of dropout unlike ABT, TCZ, and ETN, which may be one of the 
reasons for the differences in the retention rates in this  study5,15,16. The emergence of anti-drug antibodies is one 
possible reason for the  above4,17–21.

The difference in the retention rate between naïve patients and the other patients was examined. TNF inhibi-
tors and ABT showed a significantly higher retention rate when used in naïve patients. Conversely in this study, 
TCZ had no difference in the retention rates between the groups as described in JAK  inhibitors22, although 
previous reports have shown that a history of biologic use reduces the efficacy of not only ABT but  TCZ23–28. In 
terms of retention rate, ABT is likely to be inadequate for difficult-to-treat patients who have not responded to 
previous biologics in this study.

Although changing of the mode of action is recommended when the first TNF inhibitor is  ineffective29–31, 
it was suggested that TCZ may be better than ABT, as reported in the  past32,33. Furthermore, we can keep TNF 
inhibitors rotation as a treatment option because the result of this study and the previous reports indicated the 
retention rate is not that  bad34–38. Among TNF inhibitors, only CZP showed a significant difference in the reten-
tion rate depending on whether the patient had used biologics or not. However, further data accumulation is 
needed, given the low MTX usage and the small sample size in CZP group. Although there was no difference in 
the background factors and the retention rate between intravenous and subcutaneous treatment for ABT, the 
retention rate of intravenous tended to be higher in cases when ABT was used in naïve patients. IV infusion may 
be more likely to be effective because the dose can be adjusted according to body weight. However, the sample 
size is small and longer-term follow-up is needed.

The reasons for dropout were the same as in previous  report16. Primary and secondary ineffectiveness and 
infection were the most common reasons for dropout. There was a trend toward more dropouts due to infection 

Table 3.  Dropout due to primary ineffectiveness and adverse effect in patients who are naïve or not in each 
group. Data are shown as n (%), unless otherwise specified. ABT abatacept, TCZ tocilizumab, IFX infliximab, 
ETN etanercept, ADA adalimumab, GLM golimumab, CZP certolizumab pegol.

Naïve Second or later p-value

Primary ineffectiveness

 ABT (%) 6.1 28.0 0.0754

 TCZ (%) 0.0 3.1  > 0.9999

 IFX (%) 9.2 100.0 0.1838

 ETN (%) 2.2 10.8 0.0391

 ADA (%) 5.3 35.3 0.0090

 GLM (%) 10.0 46.7 0.1324

 CZP (%) 12.5 33.3 0.6206

Adverse effect

 ABT (%) 33.3 23.5 0.6322

 TCZ (%) 50.0 60.0  > 0.9999

 IFX (%) 37.5 37.0  > 0.9999

 ETN (%) 35.7 32.4 0.7974

 ADA (%) 12.5 17.1  > 0.9999

 GLM (%) 50.0 25.0 0.3625

 CZP (%) 0.0 18.2  > 0.9999

Figure 3.  The retention rates of each biologic in naïve patients.
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in TCZ as previously  reported39,40. We cannot rule out the possibility that the present results are secondary to 
low  ineffectiveness16,41.

Limitations include the single-center study, the change of the upper limit of MTX to 16 mg since 2011, the 
small number of cases and the variation of the number in each biologic group. Future studies should be con-
ducted at multiple centers to increase sample size, reduce bias, and increase external validity. Furthermore, the 
background factors of patients such as smoking history, imaging test, and composite scores are not examined. 
The influence of low cost on the choice of TCZ cannot be denied. However, in Japan, the cost of biologics may 
have little influence on the choice due to its insurance system. In addition, although the preferences of the 
attending rheumatologists may have influenced the choice of biologics to some extent, we believe that this is the 
limitation that comes with real world data. On the other hand, it is also true that the retention rates that takes 

Figure 4.  The difference in the retention rates of biologics between naïve patients and the other patients.

Table 4.  Baseline characteristics of patients with biologic naïve or not. Data are shown as mean ± standard 
deviation, unless otherwise specified. BMI body mass index, ACPA anti-cyclic citrullinated peptide antibody, 
RF rheumatoid factor, MMP3 matrix metalloprotainase-3, PSL prednisolone, MTX methotrexate, ABT 
abatacept.

ABT Naïve Second or later p-value

Cases (no.) 35 32

Age (years) 71.1 ± 10.2 67.0 ± 13.1 0.1612

Male rate (%) 25.7 21.9 0.7797

Body weight (kg) 55.5 ± 12.7 54.1 ± 16.3 0.7007

BMI 22.9 ± 4.2 22.6 ± 4.2 0.8204

ACPA positivity (%) 88.6 90.6  > 0.9999

RF positivity (%) 82.9 84.4  > 0.9999

MMP3 (ng/ml) 312.2 ± 297.0 244.4 ± 189.6 0.2763

PSL usage (%) 54.3 68.8 0.3160

MTX usage (%) 74.3 65.6 0.5938

PSL dose (mg/day) 5.1 ± 3.0 3.8 ± 2.3 0.1024

MTX dose (mg/week) 7.5 ± 3.6 7.8 ± 3.8 0.6708
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Table 5.  Baseline characteristics of patients with biologic naïve or not. Data are shown as mean ± standard 
deviation, unless otherwise specified. BMI body mass index, ACPA anti-cyclic citrullinated peptide antibody, 
RF rheumatoid factor; MMP3 matrix metalloprotainase-3, PSL prednisolone, MTX methotrexate, TCZ 
tocilizumab.

TCZ Naïve Second or later p-value

Cases (no.) 18 66

Age (years) 63.1 ± 14.7 60.2 ± 15.5 0.4717

Male rate (%) 27.8 18.2 0.5078

Body weight (kg) 56.1 ± 11.7 55.3 ± 11.6 0.7902

BMI 22.5 ± 4.2 22.6 ± 3.8 0.9510

ACPA positivity (%) 100 97  > 0.9999

RF positivity (%) 100 86.4 0.1941

MMP3 (ng/ml) 336.2 ± 361.6 325.5 ± 335.0 0.9061

PSL usage (%) 66.7 60.6 0.7862

MTX usage (%) 50 72.7 0.0890

PSL dose (mg/day) 5.7 ± 2.4 5.1 ± 2.7 0.4377

MTX dose (mg/week) 8.8 ± 3.6 8.5 ± 4.0 0.6741

Table 6.  Baseline characteristics of patients with biologic naïve or not. Data are shown as mean ± standard 
deviation, unless otherwise specified. BMI body mass index, ACPA anti-cyclic citrullinated peptide antibody, 
RF rheumatoid factor, MMP3 matrix metalloprotainase-3, PSL prednisolone, MTX methotrexate, TNF tumor 
necrosis factor.

TNF inhibitor Naïve Second or later p-value

Cases (no.) 325 128

Age (years) 58.8 ± 15.3 62.0 ± 14.5 0.0423

Male rate (%) 20.9 17.2 0.4331

Body weight (kg) 54.9 ± 11.4 55.3 ± 13.8 0.7427

BMI 22.1 ± 3.5 22.5 ± 4.4 0.3647

ACPA positivity (%) 87.2 92.2 0.1866

RF positivity (%) 78.6 85.2 0.1467

MMP3 (ng/ml) 267.8 ± 251.0 241.1 ± 268.3 0.3237

PSL usage (%) 62.3 64.8 0.6649

MTX usage (%) 82 79.7 0.5928

PSL dose (mg/day) 5.4 ± 2.8 4.8 ± 2.4 0.0274

MTX dose (mg/week) 7.6 ± 2.9 7.6 ± 3.9 0.5924

Figure 5.  The difference in the retention rates of abatacept. (a) The difference in the retention rates of 
abatacept between intravenous and subcutaneous. (b) The difference in the retention rates of abatacept between 
intravenous and subcutaneous in naïve patients.
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this into account would be useful in clinical practice. We believe that the various data in this study will be useful 
to clinicians who have the opportunity to use biologics in clinical practice.

In summary, we reviewed the details of the use of biologics for RA at our institution. The aging of the patients 
and the accompanying background factors were considered to influence the choice of biologics. Retention rates 
were higher for non-TNF inhibitors. As the options are now expanding with the release of sarilumab and JAK 
inhibitors, further studies including these drugs are needed in the future.

Methods
We collected the data from RA patients who fulfilled the 1987 RA classification criteria of the American College 
of  Rheumatology42 or the 2010 ACR/EULAR RA classification  criteria43 at our hospital since October 2003.

Table 7.  Baseline characteristics of patients using ABT through intravenous drip or subcutaneous injection. 
Data are shown as mean ± standard deviation, unless otherwise specified. BMI body mass index, ACPA 
anti-cyclic citrullinated peptide antibody, RF rheumatoid factor; MMP3 matrix metalloprotainase-3, PSL 
prednisolone, MTX methotrexate, csDMARDs conventional synthetic disease-modifying antirheumatic drugs, 
ABT abatacept, Sc subcutaneos.

ABT Intraveous drip Sc injection p-value

Cases (no.) 21 46

Age (years) 67.0 ± 11.6 70.1 ± 11.9 0.3278

Male rate (%) 19 26.1 0.7584

Body weight (kg) 53.7 ± 8.8 55.3 ± 16.5 0.6834

BMI 22.2 ± 2.2 23.0 ± 4.8 0.4934

Order of biologic use (no.) 2.1 ± 1.4 2.0 ± 1.4 0.61

ACPA positivity (%) 81 93.5 0.1932

RF positivity (%) 81 84.8  > 0.9999

MMP3 (ng/ml) 250.0 ± 251.1 293.1 ± 252.8 0.5202

PSL usage (%) 66.7 58.7 0.5976

MTX usage (%) 71.4 69.6  > 0.9999

PSL dose (mg/day) 4.5 ± 2.5 4.4 ± 2.8 0.7341

MTX dose (mg/week) 7.2 ± 2.4 7.8 ± 4.2 0.9135

csDMARDs usage (no.) 2.0 ± 0.9 1.8 ± 1.0 0.2645

Table 8.  Baseline characteristics of biologic naïve patients using ABT through intravenous drip or 
subcutaneous injection. Data are shown as mean ± standard deviation, unless otherwise specified. BMI 
body mass index, ACPA anti-cyclic citrullinated peptide antibody, RF rheumatoid factor; MMP3 matrix 
metalloprotainase-3, PSL prednisolone, MTX methotrexate, csDMARDs conventional synthetic disease-
modifying antirheumatic drugs, CRP C-reactive protein, ESR erythrocyte sedimentation rate, KL6 sialylated 
carbohydrate antigen KL6, ABT abatacept, Sc subcutaneous.

ABT Intraveous drip Sc injection p-value

Cases (no.) 21 46

Age (years) 73.6 ± 6.8 70.1 ± 11.3 0.3660

Male rate (%) 10.0 32.0 0.2346

Body weight (kg) 51.3 ± 6.9 57.2 ± 14.2 0.2213

BMI 21.5 ± 2.4 23.4 ± 4.7 0.2488

ACPA positivity (%) 70.0 96.0 0.0613

RF positivity (%) 80.0 84.0  > 0.9999

MMP3 (ng/ml) 251.4 ± 270.0 337.6 ± 309.4 0.4491

PSL usage (%) 60.0 52.0 0.7233

MTX usage (%) 80.0 72.0  > 0.9999

PSL dose (mg/day) 5.3 ± 2.5 5.1 ± 3.2 0.7303

MTX dose (mg/week) 6.3 ± 2.0 8.0 ± 4.1 0.4501

csDMARDs usage (no.) 1.8 ± 0.9 1.8 ± 1.1 0.8814

Disease duration (months) 14.0 ± 12.7 11.8 ± 15.1 0.6918

CRP (mg/dl) 1.7 ± 1.3 2.2 ± 2.0 0.4691

ESR (mm) 62.3 ± 27.7 56.2 ± 25.5 0.5337

KL6 (U/ml) 306.6 ± 141.1 419.7 ± 353.4 0.3626
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In this study, we examined the consecutive patients who were treated with biologic disease-modifying anti-
rheumatic drugs (bDMARDs), abatacept (ABT), adalimumab (ADA), certolizumab pegol (CZP), etanercept 
(ETN), golimumab (GLM), infliximab (IFX), and tocilizumab (TCZ) excluding biosimilar agents, with their 
demographic data, blood test data and reasons for dropout.

Demographic data include age, sex, body weight, body mass index (BMI), order of biologic use, rheumatoid 
factor (RF) and anti-cyclic citrullinated peptide antibody (ACPA) positivity, concomitant ratio and doses of 
prednisolone (PSL) and methotrexate (MTX), the number of concomitant conventional synthetic DMARDs 
(csDMARDs) use, and disease duration. Blood test data include matrix metalloprotainase-3 (MMP3), C-reactive 
protein (CRP), erythrocyte sedimentation rate (ESR), immunoglobulin G (IgG), and sialylated carbohydrate 
antigen KL6 (KL6). The retention rates of biologics were retrospectively evaluated as the duration until definitive 
treatment interruption. Reasons for dropout were classified into 4 major categories: (1) primary ineffectiveness; 
(2) secondary ineffectiveness; (3) infection; and (4) others.

Treatments were administered by the attending rheumatologists by the guidelines of the Japan College of 
 Rheumatology44–48.

Statistics
One-way analysis of variance, followed by a Tukey–Kramer post hoc test and Fisher’s exact probability test 
were used to analyze all values among the groups. Statistical analyses were performed using GraphPad Prism 9 
(GraphPad, California, USA).

The graph of retention rates adjusted for age, sex, BMI, ACPA and RF positivity, concomitant doses of PSL 
and MTX was made using EZR (Saitama Medical Centre, Jichi Medical University, Saitama, Japan), a graphical 
user interface for R software (R Foundation for Statistical Computing, Vienna, Austria)49. The univariate and 
multivariate analysis of contributing factors to retention rates were also made using EZR.

Study approval
All subjects gave written informed consent to participate in the study. Data were obtained in accordance with 
the Declaration of Helsinki. The study was approved by the Ethics Review Committee of Japan Community 
Healthcare Organization Osaka Hospital (reception number 2023-002).

Data availability
The authors confirm that all relevant data are included in the article and/or its Supplementary Information files.

Figure 6.  The reasons for dropout. (a) The reasons for dropout of each biologic. (b) The reasons for dropout of 
each biologic in naïve patients.

Table 9.  Probability of dropout due to primary ineffectiveness. Data are shown as dropout due to primary 
ineffectiveness/total dropout (%). ABT abatacept, TCZ tocilizumab, TNFi tumor necrosis factor inhibitors.

ABT TCZ TNFi p-value

Total 9/17 (52.9) 2/15 (13.3) 43/132 (32.6) 0.0579

Naïve 2/6 (33.3) 0/2 (0.0) 15/78 (19.2) 0.5480

Table 10.  Probability of dropout due to infection. Data are shown as dropout due to infection/total dropout 
(%). ABT abatacept, TCZ tocilizumab, TNFi tumor necrosis factor inhibitors.

ABT TCZ TNFi p-value

Total 2/17 (11.8) 4/15 (26.7) 16/132 (12.1) 0.2868

Naïve 2/6 (33.3) 1/2 (50.0) 12/78 (15.4) 0.2524



9

Vol.:(0123456789)

Scientific Reports |        (2023) 13:21170  | https://doi.org/10.1038/s41598-023-48537-z

www.nature.com/scientificreports/

Received: 13 March 2023; Accepted: 28 November 2023

References
 1. Yamanaka, H. et al. A large observational cohort study of rheumatoid arthritis, IORRA: Providing context for today’s treatment 

options. Mod. Rheumatol. 30, 1–6. https:// doi. org/ 10. 1080/ 14397 595. 2019. 16600 28 (2020).
 2. Winthrop, K. L. & Cohen, S. B. Oral surveillance and JAK inhibitor safety: The theory of relativity. Nat. Rev. Rheumatol. https:// 

doi. org/ 10. 1038/ s41584- 022- 00767-7 (2022).
 3. Harigai, M. et al. Postmarketing surveillance of the safety and effectiveness of abatacept in Japanese patients with rheumatoid 

arthritis. Mod. Rheumatol. 26, 491–498. https:// doi. org/ 10. 3109/ 14397 595. 2015. 11232 11 (2016).
 4. Hattori, Y. et al. Longterm retention rate and risk factors for adalimumab discontinuation due to efficacy and safety in Japanese 

patients with rheumatoid arthritis: An observational cohort study. J. Rheumatol. 43, 1475–1479. https:// doi. org/ 10. 3899/ jrheum. 
151006 (2016).

 5. Marchesoni, A. et al. TNF-alpha antagonist survival rate in a cohort of rheumatoid arthritis patients observed under conditions 
of standard clinical practice. Ann. N. Y. Acad. Sci. 1173, 837–846. https:// doi. org/ 10. 1111/j. 1749- 6632. 2009. 04621.x (2009).

 6. Dougados, M. et al. Adding tocilizumab or switching to tocilizumab monotherapy in methotrexate inadequate responders: 24-week 
symptomatic and structural results of a 2-year randomised controlled strategy trial in rheumatoid arthritis (ACT-RAY). Ann. 
Rheum. Dis. 72, 43–50. https:// doi. org/ 10. 1136/ annrh eumdis- 2011- 201282 (2013).

 7. Mochizuki, T. et al. The efficacy of abatacept in Japanese patients with rheumatoid arthritis: 104 weeks radiographic and clinical 
results in clinical practice. Mod. Rheumatol. 26, 499–506. https:// doi. org/ 10. 3109/ 14397 595. 2015. 11095 78 (2016).

 8. Nakashita, T., Ando, K., Takahashi, K. & Motojima, S. Possible effect of abatacept on the progression of interstitial lung disease in 
rheumatoid arthritis patients. Respir. Investig. 54, 376–379. https:// doi. org/ 10. 1016/j. resinv. 2016. 03. 001 (2016).

 9. Nakashita, T., Ando, K., Kaneko, N., Takahashi, K. & Motojima, S. Potential risk of TNF inhibitors on the progression of interstitial 
lung disease in patients with rheumatoid arthritis. BMJ Open 4, e005615. https:// doi. org/ 10. 1136/ bmjop en- 2014- 005615 (2014).

 10. Monti, S. et al. Factors influencing the choice of first- and second-line biologic therapy for the treatment of rheumatoid arthritis: 
Real-life data from the Italian LORHEN registry. Clin. Rheumatol. 36, 753–761. https:// doi. org/ 10. 1007/ s10067- 016- 3528-y (2017).

 11. Ebina, K. et al. Drug tolerability and reasons for discontinuation of seven biologics in 4466 treatment courses of rheumatoid 
arthritis-the ANSWER cohort study. Arthritis Res. Ther. 21, 91. https:// doi. org/ 10. 1186/ s13075- 019- 1880-4 (2019).

 12. Ebina, K. et al. Drug tolerability and reasons for discontinuation of seven biologics in elderly patients with rheumatoid arthritis—
The ANSWER cohort study. PLoS ONE 14, e0216624. https:// doi. org/ 10. 1371/ journ al. pone. 02166 24 (2019).

 13. Kubo, S. et al. Comparison of the efficacies of abatacept and tocilizumab in patients with rheumatoid arthritis by propensity score 
matching. Ann. Rheum. Dis. 75, 1321–1327. https:// doi. org/ 10. 1136/ annrh eumdis- 2015- 207784 (2016).

 14. Sugiyama, N. et al. Treatment patterns, direct cost of biologics, and direct medical costs for rheumatoid arthritis patients: A real-
world analysis of nationwide Japanese claims data. Clin. Ther. 38, 1359-1375.e1351. https:// doi. org/ 10. 1016/j. clint hera. 2016. 03. 
022 (2016).

 15. Favalli, E. G. et al. Real-life 10-year retention rate of first-line anti-TNF drugs for inflammatory arthritides in adult- and juvenile-
onset populations: Similarities and differences. Clin. Rheumatol. 36, 1747–1755. https:// doi. org/ 10. 1007/ s10067- 017- 3712-8 (2017).

 16. Ebina, K. et al. Drug retention and discontinuation reasons between seven biologics in patients with rheumatoid arthritis—The 
ANSWER cohort study. PLoS ONE 13, e0194130. https:// doi. org/ 10. 1371/ journ al. pone. 01941 30 (2018).

 17. Blair, H. A. & Deeks, E. D. Abatacept: A review in rheumatoid arthritis. Drugs 77, 1221–1233. https:// doi. org/ 10. 1007/ s40265- 
017- 0775-4 (2017).

 18. Strand, V. et al. Immunogenicity of biologics in chronic inflammatory diseases: A systematic review. BioDrugs 31, 299–316. https:// 
doi. org/ 10. 1007/ s40259- 017- 0231-8 (2017).

 19. Singh, J. A., Noorbaloochi, S. & Singh, G. Golimumab for rheumatoid arthritis: A systematic review. J. Rheumatol. 37, 1096–1104. 
https:// doi. org/ 10. 3899/ jrheum. 091466 (2010).

 20. Deeks, E. D. Certolizumab pegol: A review of its use in the management of rheumatoid arthritis. Drugs 73, 75–97. https:// doi. org/ 
10. 1007/ s40265- 013- 0009-3 (2013).

 21. Scott, L. J. Tocilizumab: A review in rheumatoid arthritis. Drugs 77, 1865–1879. https:// doi. org/ 10. 1007/ s40265- 017- 0829-7 (2017).
 22. Ebina, K. et al. Factors affecting drug retention of Janus kinase inhibitors in patients with rheumatoid arthritis: The ANSWER 

cohort study. Sci. Rep. 12, 134. https:// doi. org/ 10. 1038/ s41598- 021- 04075-0 (2022).
 23. Westhovens, R. et al. Clinical efficacy and safety of abatacept in methotrexate-naive patients with early rheumatoid arthritis and 

poor prognostic factors. Ann. Rheum. Dis. 68, 1870–1877. https:// doi. org/ 10. 1136/ ard. 2008. 101121 (2009).
 24. Kremer, J. M. et al. Effects of abatacept in patients with methotrexate-resistant active rheumatoid arthritis: A randomized trial. 

Ann. Intern. Med. 144, 865–876. https:// doi. org/ 10. 7326/ 0003- 4819- 144- 12- 20060 6200- 00003 (2006).
 25. Genovese, M. C. et al. Abatacept for rheumatoid arthritis refractory to tumor necrosis factor alpha inhibition. N. Engl. J. Med. 353, 

1114–1123. https:// doi. org/ 10. 1056/ NEJMo a0505 24 (2005).
 26. Nishimoto, N. et al. Study of active controlled monotherapy used for rheumatoid arthritis, an IL-6 inhibitor (SAMURAI): Evidence 

of clinical and radiographic benefit from an x ray reader-blinded randomised controlled trial of tocilizumab. Ann. Rheum. Dis. 
66, 1162–1167. https:// doi. org/ 10. 1136/ ard. 2006. 068064 (2007).

 27. Genovese, M. C. et al. Interleukin-6 receptor inhibition with tocilizumab reduces disease activity in rheumatoid arthritis with 
inadequate response to disease-modifying antirheumatic drugs: The tocilizumab in combination with traditional disease-modifying 
antirheumatic drug therapy study. Arthritis Rheum. 58, 2968–2980. https:// doi. org/ 10. 1002/ art. 23940 (2008).

 28. Emery, P. et al. IL-6 receptor inhibition with tocilizumab improves treatment outcomes in patients with rheumatoid arthritis 
refractory to anti-tumour necrosis factor biologicals: Results from a 24-week multicentre randomised placebo-controlled trial. 
Ann. Rheum. Dis. 67, 1516–1523. https:// doi. org/ 10. 1136/ ard. 2008. 092932 (2008).

 29. Emery, P. et al. Rituximab versus an alternative TNF inhibitor in patients with rheumatoid arthritis who failed to respond to a single 
previous TNF inhibitor: SWITCH-RA, a global, observational, comparative effectiveness study. Ann. Rheum. Dis. 74, 979–984. 
https:// doi. org/ 10. 1136/ annrh eumdis- 2013- 203993 (2015).

 30. Gottenberg, J. E. et al. Non-TNF-targeted biologic vs a second anti-TNF drug to treat rheumatoid arthritis in patients with insuf-
ficient response to a first anti-TNF drug: A randomized clinical trial. JAMA 316, 1172–1180. https:// doi. org/ 10. 1001/ jama. 2016. 
13512 (2016).

 31. Backhaus, M. et al. Comparison of tocilizumab and tumour necrosis factor inhibitors in rheumatoid arthritis: A retrospective 
analysis of 1603 patients managed in routine clinical practice. Clin. Rheumatol. 34, 673–681. https:// doi. org/ 10. 1007/ s10067- 015- 
2879-0 (2015).

 32. Bergman, G. J. et al. Indirect comparison of tocilizumab and other biologic agents in patients with rheumatoid arthritis and 
inadequate response to disease-modifying antirheumatic drugs. Semin. Arthritis Rheum. 39, 425–441. https:// doi. org/ 10. 1016/j. 
semar thrit. 2009. 12. 002 (2010).

 33. Gottenberg, J. E. et al. Comparative effectiveness of rituximab, abatacept, and tocilizumab in adults with rheumatoid arthritis and 
inadequate response to TNF inhibitors: Prospective cohort study. BMJ (Clin. Res. Ed.) 364, l67. https:// doi. org/ 10. 1136/ bmj. l67 
(2019).

https://doi.org/10.1080/14397595.2019.1660028
https://doi.org/10.1038/s41584-022-00767-7
https://doi.org/10.1038/s41584-022-00767-7
https://doi.org/10.3109/14397595.2015.1123211
https://doi.org/10.3899/jrheum.151006
https://doi.org/10.3899/jrheum.151006
https://doi.org/10.1111/j.1749-6632.2009.04621.x
https://doi.org/10.1136/annrheumdis-2011-201282
https://doi.org/10.3109/14397595.2015.1109578
https://doi.org/10.1016/j.resinv.2016.03.001
https://doi.org/10.1136/bmjopen-2014-005615
https://doi.org/10.1007/s10067-016-3528-y
https://doi.org/10.1186/s13075-019-1880-4
https://doi.org/10.1371/journal.pone.0216624
https://doi.org/10.1136/annrheumdis-2015-207784
https://doi.org/10.1016/j.clinthera.2016.03.022
https://doi.org/10.1016/j.clinthera.2016.03.022
https://doi.org/10.1007/s10067-017-3712-8
https://doi.org/10.1371/journal.pone.0194130
https://doi.org/10.1007/s40265-017-0775-4
https://doi.org/10.1007/s40265-017-0775-4
https://doi.org/10.1007/s40259-017-0231-8
https://doi.org/10.1007/s40259-017-0231-8
https://doi.org/10.3899/jrheum.091466
https://doi.org/10.1007/s40265-013-0009-3
https://doi.org/10.1007/s40265-013-0009-3
https://doi.org/10.1007/s40265-017-0829-7
https://doi.org/10.1038/s41598-021-04075-0
https://doi.org/10.1136/ard.2008.101121
https://doi.org/10.7326/0003-4819-144-12-200606200-00003
https://doi.org/10.1056/NEJMoa050524
https://doi.org/10.1136/ard.2006.068064
https://doi.org/10.1002/art.23940
https://doi.org/10.1136/ard.2008.092932
https://doi.org/10.1136/annrheumdis-2013-203993
https://doi.org/10.1001/jama.2016.13512
https://doi.org/10.1001/jama.2016.13512
https://doi.org/10.1007/s10067-015-2879-0
https://doi.org/10.1007/s10067-015-2879-0
https://doi.org/10.1016/j.semarthrit.2009.12.002
https://doi.org/10.1016/j.semarthrit.2009.12.002
https://doi.org/10.1136/bmj.l67


10

Vol:.(1234567890)

Scientific Reports |        (2023) 13:21170  | https://doi.org/10.1038/s41598-023-48537-z

www.nature.com/scientificreports/

 34. Hyrich, K. L., Lunt, M., Watson, K. D., Symmons, D. P. & Silman, A. J. Outcomes after switching from one anti-tumor necrosis 
factor alpha agent to a second anti-tumor necrosis factor alpha agent in patients with rheumatoid arthritis: Results from a large 
UK national cohort study. Arthritis Rheum. 56, 13–20. https:// doi. org/ 10. 1002/ art. 22331 (2007).

 35. Virkki, L. M. et al. Outcomes of switching anti-TNF drugs in rheumatoid arthritis—A study based on observational data from the 
Finnish Register of Biological Treatment (ROB-FIN). Clin. Rheumatol. 30, 1447–1454. https:// doi. org/ 10. 1007/ s10067- 011- 1779-1 
(2011).

 36. Smolen, J. S. et al. Golimumab in patients with active rheumatoid arthritis after treatment with tumour necrosis factor alpha 
inhibitors (GO-AFTER study): A multicentre, randomised, double-blind, placebo-controlled, phase III trial. Lancet 374, 210–221. 
https:// doi. org/ 10. 1016/ s0140- 6736(09) 60506-7 (2009).

 37. Weinblatt, M. E. et al. Efficacy and safety of certolizumab pegol in a broad population of patients with active rheumatoid arthritis: 
Results from the REALISTIC phase IIIb study. Rheumatology 51, 2204–2214. https:// doi. org/ 10. 1093/ rheum atolo gy/ kes150 (2012).

 38. Smolen, J. S. et al. Head-to-head comparison of certolizumab pegol versus adalimumab in rheumatoid arthritis: 2-year efficacy and 
safety results from the randomised EXXELERATE study. Lancet 388, 2763–2774. https:// doi. org/ 10. 1016/ s0140- 6736(16) 31651-8 
(2016).

 39. Song, S. N. & Yoshizaki, K. Tocilizumab for treating rheumatoid arthritis: An evaluation of pharmacokinetics/pharmacodynamics 
and clinical efficacy. Expert Opin. Drug Metab. Toxicol. 11, 307–316. https:// doi. org/ 10. 1517/ 17425 255. 2015. 992779 (2015).

 40. Tanaka, T., Ogata, A. & Narazaki, M. Tocilizumab for the treatment of rheumatoid arthritis. Expert Rev. Clin. Immunol. 6, 843–854. 
https:// doi. org/ 10. 1586/ eci. 10. 70 (2010).

 41. Mori, S. et al. Comparative risk of hospitalized infection between biological agents in rheumatoid arthritis patients: A multicenter 
retrospective cohort study in Japan. PLoS ONE 12, e0179179. https:// doi. org/ 10. 1371/ journ al. pone. 01791 79 (2017).

 42. Arnett, F. C. et al. The American Rheumatism Association 1987 revised criteria for the classification of rheumatoid arthritis. 
Arthritis Rheum. 31, 315–324. https:// doi. org/ 10. 1002/ art. 17803 10302 (1988).

 43. Aletaha, D. et al. 2010 rheumatoid arthritis classification criteria: An American College of Rheumatology/European League Against 
Rheumatism collaborative initiative. Ann. Rheum. Dis. 69, 1580–1588. https:// doi. org/ 10. 1136/ ard. 2010. 138461 (2010).

 44. Kawahito, Y. Guidelines for the management of rheumatoid arthritis. Nihon rinsho. Jpn. J. Clin. Med. 74, 939–943 (2016).
 45. Koike, R. et al. Japan College of Rheumatology 2009 guidelines for the use of tocilizumab, a humanized anti-interleukin-6 receptor 

monoclonal antibody, in rheumatoid arthritis. Mod. Rheumatol. 19, 351–357. https:// doi. org/ 10. 1007/ s10165- 009- 0197-6 (2009).
 46. Koike, R., Takeuchi, T., Eguchi, K. & Miyasaka, N. Update on the Japanese guidelines for the use of infliximab and etanercept in 

rheumatoid arthritis. Mod. Rheumatol. 17, 451–458. https:// doi. org/ 10. 1007/ s10165- 007- 0626-3 (2007).
 47. Kawahito, Y. et al. Drug treatment algorithm and recommendations from the 2020 update of the Japan College of Rheumatology 

Clinical Practice Guidelines for the Management of Rheumatoid Arthritis-Secondary Publication. Mod. Rheumatol. https:// doi. 
org/ 10. 1093/ mr/ roac0 17 (2022).

 48. Kameda, H. et al. Japan College of Rheumatology guideline for the use of methotrexate in patients with rheumatoid arthritis. Mod. 
Rheumatol. 29, 31–40. https:// doi. org/ 10. 1080/ 14397 595. 2018. 14723 58 (2019).

 49. Kanda, Y. Investigation of the freely available easy-to-use software “EZR” for medical statistics. Bone Marrow Transplant. 48, 
452–458. https:// doi. org/ 10. 1038/ bmt. 2012. 244 (2013).

Author contributions
K.T. collected the data. K.T. and S.T. analyzed and interpreted the data. K.T. prepared the manuscript. S.T. revised 
the manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 023- 48537-z.

Correspondence and requests for materials should be addressed to K.T.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2023

https://doi.org/10.1002/art.22331
https://doi.org/10.1007/s10067-011-1779-1
https://doi.org/10.1016/s0140-6736(09)60506-7
https://doi.org/10.1093/rheumatology/kes150
https://doi.org/10.1016/s0140-6736(16)31651-8
https://doi.org/10.1517/17425255.2015.992779
https://doi.org/10.1586/eci.10.70
https://doi.org/10.1371/journal.pone.0179179
https://doi.org/10.1002/art.1780310302
https://doi.org/10.1136/ard.2010.138461
https://doi.org/10.1007/s10165-009-0197-6
https://doi.org/10.1007/s10165-007-0626-3
https://doi.org/10.1093/mr/roac017
https://doi.org/10.1093/mr/roac017
https://doi.org/10.1080/14397595.2018.1472358
https://doi.org/10.1038/bmt.2012.244
https://doi.org/10.1038/s41598-023-48537-z
https://doi.org/10.1038/s41598-023-48537-z
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Real-world retention rates of biologics in patients with rheumatoid arthritis
	Results
	Trends in biologics selection
	Background factors
	Retention rates
	Reasons for dropout

	Discussion
	Methods
	Statistics
	Study approval

	References


