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ORIGINAL ARTICLE

Twelve-Year Retention Rate of First-Line Tumor
Necrosis Factor Inhibitors in Rheumatoid
Arthritis: Real-Life Data From a Local Registry
ENNIO GIULIO FAVALLI,1 FRANCESCA PREGNOLATO,2 MARTINA BIGGIOGGERO,3

ANDREA BECCIOLINI,1 ALESSANDRA EMILIANA PENATTI,3 ANTONIO MARCHESONI,1 AND

PIER LUIGI MERONI4

Objective. To evaluate the 12-year survival of the first tumor necrosis factor inhibitor (TNFi) treatment in a cohort of
rheumatoid arthritis (RA) patients, comparing the between-groups discontinuation rates for infliximab, etanercept, and
adalimumab.
Methods. RA patients treated with their first TNFi were investigated from a local registry. Before and after adjusting
for propensity scores, overall and by individual TNFi 12-year drug retention was evaluated. Drug survival rates were
calculated using the Kaplan-Meier method and compared by the Cox extended model. Subanalyses were performed
according to concomitant methotrexate (MTX) and discontinuation reasons.
Results. Of 583 patients, 222 were treated with infliximab, 179 with etanercept, and 182 with adalimumab; 33.7% and
26% discontinued the first TNFi because of inefficacy or adverse events, respectively. The overall 12-year drug survival
rate for the unmatched population was 23.4%. In the propensity score–adjusted population, the hazard ratio (HR) for
treatment discontinuation was significantly greater for adalimumab and infliximab versus etanercept (HR 2.89 [95% con-
fidence interval (95% CI) 2.2–3.78] and HR 2.56 [95% CI 1.92–3.4], respectively), and no difference was found between
and for adalimumab versus infliximab (HR 1.16 [95% CI 0.91–1.47]). The incidence of withdrawal due to secondary inef-
ficacy was stable from 3 to 12 years for etanercept, but progressively increased for the monoclonal antibodies. Concomi-
tant MTX significantly increased the survival of both adalimumab and etanercept (HR 1.48 [95% CI 1.18–1.86]).
Conclusion. The overall 12-year drug survival rate was 23.4%, being significantly higher for etanercept than adalimu-
mab and infliximab. Etanercept discontinuations for inefficacy did not increase from 3 to 12 years. Concomitant MTX
increased adalimumab and etanercept drug survival.

INTRODUCTION

The development of biologic agents in the late 1990s has

dramatically improved the management of rheumatoid

arthritis (RA). Tumor necrosis factor inhibitor (TNFi) ther-

apies were the first biotherapies to be developed in rheu-

matology, and over the last decade have become the most

frequently prescribed class of biologic drugs for the treat-

ment of RA patients who failed traditional synthetic

disease-modifying antirheumatic drugs (sDMARDs). Cur-

rently, 5 TNFi have been licensed for RA by the European

Medicines Agency and the US Food and Drug Administra-

tion, and 3 of them (infliximab, etanercept, and adalimu-

mab) are the most widely used in clinical practice.
Despite the abundant evidence of TNFi efficacy and

safety profile from randomized controlled trials (RCTs)

(1–6), data on the long-term effects of TFNi remain rela-

tively scarce. Moreover, the external validity of RCTs is dra-

matically hampered by stringent inclusion and exclusion
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criteria, therefore limiting generalization to daily clinical
practice (7). Because of these reasons, large population-
based national registries have been increasingly used to
investigate the long-term performance of TNFi in a real-life
setting, despite the possible lack of the controlled character-
istic of RCTs (8).

Drug survival may be considered a reliable indicator of

overall treatment effectiveness in observational registries,

as it is determined by drug efficacy, its safety profile, and

several other factors that influence the drugs’ use, such as

patients’ compliance, number of alternative treatment

options available, and characteristics of the treated popula-

tion. Therefore, many studies from European and US bio-

logic drug registries have provided data about overall TNFi

drug retention in RA, as well as comparing in a few cases

the relative drug persistence of etanercept, infliximab, and

adalimumab, and the different drug survival of the first and

subsequent lines of TNFi therapy (9–13). Despite the exten-

sive use of drug survival in some pharmacoepidemiologic

studies of TNFi in RA, the length of the analyzed followup

period has been often limited to no more than 5 years.
The aim of this study is to evaluate for the first time the

long-term (12 years) drug survival in a large population-

based cohort of RA patients who received a TNFi as first-line

biologic treatment, comparing the between-group discontin-

uation rates for each TNFi (infliximab, etanercept, and adali-

mumab) and analyzing the role of concomitant sDMARD

treatment.

MATERIALS AND METHODS

Study population. Data from all RA patients treated with

a biologic agent between October 1999 and December 2014

in our rheumatology unit were collected in a local registry

and approved by the local ethics committee. Patients ages

$18 years fulfilling the American College of Rheumatology

1987 revised criteria (14) were enrolled after giving their

written informed consent. For all patients, the database

included demographic features (age, sex, and time since RA

diagnosis); clinical parameters (Disease Activity Score in 28

joints [DAS28], Simplified Disease Activity Index [SDAI],

Clinical Disease Activity Index [CDAI], rheumatoid factor
[RF] positivity, C-reactive protein [CRP] level and erythro-
cyte sedimentation rate [ESR], and Health Assessment Ques-
tionnaire [HAQ] disability index [DI] score); and therapeutic
data (biologic therapy and concomitant sDMARDs and ste-
roids use). All the mentioned disease and treatment fol-
lowup data were collected at baseline and then every 6
months until December 15, 2014. This analysis was con-
ducted including only patients who received infliximab, eta-
nercept, or adalimumab as first-line biotherapy. In order to
balance the exposure among the considered biologic drugs,
the evaluation was limited to the period when all 3 TNFi
were available in Italy (from January 2003) in a setting with
relatively similar access to each drug. Exclusion criteria
were a previous therapy with a different biologic drug or the
enrollment in an RCT. Treatments were administered in rou-
tine care in accordance with RA good clinical practice; TNFi
were prescribed in almost every case according to the
licensed regimen, and concomitant sDMARDs or cortico-
steroids were administered if ordered by the referring rheu-
matologist. Drug survival was retrospectively calculated as
the time period until the definitive treatment interruption or
the first missed dose after initiation of TNFi therapy. Inter-
ruptions were considered definitive when indicated in the
registry, or when no consecutive re-introduction of treatment
was reported. All observations were censored at the last reg-
istered visit before December 15, 2014. The reasons for TNFi
discontinuation were analyzed and classified into 3 major
categories: inefficacy (primary and secondary no response),
adverse events (AEs), and others (including remission, desire
for pregnancy, and patient preference). The latter was con-
sidered as right-censored in the drug-survival analysis.

Further subanalyses were conducted by stratifying the
study population according to concomitant methotrexate
(MTX) treatment and median dosage (#10 mg/week ver-
sus .10 mg/week) as predictor of discontinuation and the
reason for TNFi replacement.

Statistical analysis. Descriptive statistics were used to
calculate mean and SD, and median and interquartile
range. Differences between treatment groups were ana-
lyzed by the Kruskal-Wallis nonparametric test for contin-
uous variables and chi-square test for categorical variables.
Parametric or nonparametric correlations between varia-
bles was determined by Pearson’s or Spearman’s coeffi-
cient, respectively. Survival distribution curves were first
computed on unmatched data by the Kaplan-Meier meth-
od and compared statistically by a stratified log rank test.
Moreover, propensity scores (PS)–analysis was applied for
adjusting selection bias due to the retrospective study
design and lack of randomization (see Supplementary
Appendix A, available on the Arthritis Care & Research
web site at http://onlinelibrary.wiley.com/doi/10.1002/
acr.22788/abstract) (15). PS were calculated for each
patient using logistic regression with TNFi (infliximab, eta-
nercept, or adalimumab) as the dependent variable and the
following baseline characteristics as independent varia-
bles: disease duration, DAS28, HAQ score, and concomi-
tant corticosteroid use. Since only subcutaneous TNFi may
be used as monotherapy according to what is reported in
product labels, concomitant MTX treatment was excluded

Significance & Innovations
� The 12-year retention rate of a first-line tumor

necrosis factor inhibitor was 23.4%.

� Compared with both monoclonal antibodies, eta-
nercept showed a significantly better short- and
long-term drug survival.

� The incidence of withdrawal due to secondary inef-
ficacy was stable from 3 to 12 years for etanercept,
but progressively increased for the monoclonal
antibodies.

� The combination therapy with methotrexate
increased the survival on treatment of both eta-
nercept and adalimumab.
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from the statistical model. PS were then used for matching

triplets based on the smallest standardized difference. The

caliper is specified in standard units, so 0.25 corresponds

to one-quarter of 1 SD. Survival analysis accounting for

competing risks was used to provide predictions of ineffica-

cy (primary and secondary nonresponse) and AEs. A Cox

extended model was run to estimate hazard ratios (HRs) for

discontinuation, since the Shoenfeld residual test showed

that proportional hazard assumption was violated. Confi-

dence intervals (CIs) at 95% for HRs were calculated.
Statistical analyses were performed using R for Win-

dows (16). P values equal to or less than 0.05 were consid-

ered statistically significant.

RESULTS

Baseline characteristics. The study population was

selected from all RA patients (n 5 756) treated with a first-

line biotherapy in our rheumatology department between

2003 and 2014. According to described selection criteria, 173

patients were excluded from the analysis (141 treated with a

biologic agent other than infliximab, etanercept, or adalimu-

mab, and 32 because of missing data). The baseline demo-

graphic and clinical characteristics of the 583 enrolled

patients (222 infliximab, 179 etanercept, 182 adalimumab)

are reported in Table 1. Overall, 82.8% were women, the

mean age was 54.2 years, the median disease duration was

8.6 years, the mean DAS28 score was 5.53, and the mean

HAQ DI score was 1.5. As expected, the proportion of

patients who received concomitant MTX treatment was sig-

nificantly higher in the infliximab patients (94.1%) than in

the etanercept (72.1%) and adalimumab (72.5%) patients.

The median MTX dosage was significantly higher (P 5 0.003)

in the etanercept group (12.5 mg/week) compared with both

infliximab (10 mg/week) and adalimumab (10 mg/week). No

statistically significant differences existed among the 3 sub-

groups of treatment for age (P 5 0.91), sex (P 5 0.38), disease

duration (P 5 0.16), and RF positivity (P 5 0.89). However,

mean values of ESR (P 5 0.02), CRP level (P , 0.0001),

DAS28 (P , 0.0001), SDAI (P , 0.0001), CDAI (P , 0.0001),

and HAQ DI (P , 0.0001) scores were significantly different

in the 3 groups, with all being higher in infliximab-treated

patients than in etanercept- and adalimumab-treated

patients. After adjustment for PS, we obtained 3 homoge-

neous groups matched according to all the considered

baseline variables (Table 1).

Drug survival analyses. The overall 12-year retention

rate was 23.4% (95% CI 18.2–30.1) with a median survival

of 53.5 months (27.8 for adalimumab, 44.2 for infliximab,

and .53.5 for etanercept) (Figure 1). The HR for treatment

discontinuation was significantly greater for adalimumab

and infliximab versus etanercept; no difference was found

Table 1. Baseline characteristics of the 3 groups of patients according to the TNF inhibitor*

Unmatched Matched

IFX
(n 5 222)

ADA
(n 5 182)

ETN
(n 5 179) P

IFX
(n 5 257)

ADA
(n 5 251)

ETN
(n 5 243) P

Demographics

Age, years 54.6

(46.4–63.0)

54.6

(43.1–64.2)

53.3

(44.4–63.2)

0.915 51.2

(44.0–61.5)

54.3

(43.9–61.5)

52.9

(44.3–63.2)

0.048

Female, % 85.1 82.4 79.9 0.384 78.6 80.9 79.8 0.815

Clinical features

Disease duration,

years

8.5

(4.4–15.6)

9.3

(5.4–16.8)

7.7

(4.3–14.9)

0.165 9.9

(4.8–17.6)

8.0

(4.7–16.0)

8.8

(5.0–15.1)

0.650

RF, % 82.9 84.6 83.8 0.895 79.4 84.1 83.1 0.344

ESR, mm/hour 40 (27–63) 35 (22–54) 40 (25–58) 0.020 35 (23–60) 35 (24–54) 35 (23–56) 0.355

CRP, mg/liter 2.2 (0.9–4.2) 1.3 (0.5–2.6) 1.5 (0.8–3.0) , 0.001 1.7 (0.6–3.5) 1.3 (0.5–2.8) 1.4 (0.7–2.4) 0.195

DAS28 (ESR) 5.8 (5.1–6.6) 5.2 (4.3–5.9) 5.4 (4.6–6.1) , 0.001 5.3 (4.3–6.1) 5.2 (4.3–6.0) 5.2 (4.5–6.0) 0.328

SDAI 32.3

(23.0–41.8)

24.8

(17.8–33.6)

24.7

(18.3–34.4)

, 0.001 26.0

(18.1–33.6)

24.8

(17.5–33.7)

24.2

(18.1–34.3)

0.757

CDAI 29.0

(21.0–37.9)

22.6

(15.6–30.7)

23.4

(16.3–31.0)

, 0.001 22.5

(16.0–31.0)

22.5

(15.6–30.7)

22.5

(16.5–30.4)

0.765

HAQ DI 1.87

(1.50–2.13)

1.25

(1.00–1.63)

1.50

(1.00–1.88)

, 0.001 1.38

(1.00–1.88)

1.37

(1.00–1.67)

1.25

(1.00–1.75)

0.613

Corticosteroids, % 86.0 74.7 78.2 0.014 78.6 75.7 76.5 0.727

MTX, % 94.1 72.5 72.1 , 0.001 91.1 75.7 72.8 , 0.001

MTX dose,

median (IQR),

mg/week

10 (10–12.5) 10 (10–15) 12.5 (10–15) 0.003 10 (10–12.5) 10 (10–15) 12.5 (10–15) 0.002

* Values are the mean (95% confidence interval) unless otherwise indicated. Kruskal-Wallis nonparametric test was used for continuous variables
and chi-square test for categorical variables. TNF 5 tumor necrosis factor; IFX 5 infliximab; ADA 5 adalimumab; ETN 5 etanercept; RF 5 rheuma-
toid factor; ESR 5 erythrocyte sedimentation rate; CRP 5 C-reactive protein level; DAS28 5 Disease Activity Score in 28 joints; SDAI 5 Simple Dis-
ease Activity Index; CDAI 5 Clinical Disease Activity Index; HAQ 5 Health Assessment Questionnaire; DI 5 disability index; MTX 5 methotrexate;
IQR 5 interquartile range.
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between infliximab and adalimumab. The estimated propor-

tions of patients maintaining etanercept, adalimumab, and

infliximab treatment were, respectively, 70.2%, 43.2%, and

55.4% after 3 years; 65.4%, 36.5%, and 44.3% after 5 years;

and 52.5%, 20.3%, and 17.2% after 12 years (Figure 2).

In the PS-adjusted population, the estimated proportions of
patients maintaining etanercept, adalimumab, and infliximab
treatment were, respectively, 72.2%, 41.3%, and 55.6% after
3 years; 69.7%, 34.7%, and 47.3% after 5 years; and 60.2%,
18.4%, and 19.2% after 12 years (Figure 2). The HR for treat-
ment discontinuation was significantly greater for adalimu-
mab and infliximab versus etanercept (2.89 [95% CI 2.2–3.78]
and 2.56 [95% CI 1.92–3.4], respectively); no difference was
found between adalimumab versus infliximab (HR 1.16 [95%
CI 0.91–1.47]). The observational period was stratified into 4
subperiods according to treatment duration. During the first 6
months, lower HRs were observed for infliximab versus eta-
nercept and adalimumab, and for etanercept versus adalimu-
mab. Significantly lower HRs were observed for etanercept
versus adalimumab and infliximab patients over 6 months
of treatment (between 6 months and 3 years, between 3 and
5 years, and over 5 years). Significantly lower HRs were
observed for infliximab versus adalimumab between 6
months and 3 years. No statistically significant differences in
the HRs were seen between infliximab and adalimumab at
each time over 3 years of treatment (Table 2).

The comparative survival analysis of TNFi monotherapy
versus association with MTX was limited to subcutaneous
TNFi, since 94.1% of infliximab initiators received the biolog-
ic drug in combination (Table 1). The drug retention was sig-
nificantly higher for MTX concomitant users compared with
TNFi monotherapy (HR 1.48, 95% CI 1.18–1.86) (Figure 3A).
The median survival for both etanercept monotherapy and
combination therapy was .53.5 months, whereas for adali-
mumab it was 15.4 and 34.2 months, respectively. After strati-
fication according to MTX median dosage (,15 or $15 mg/
week), the retention rate was significantly better in high-dose
subgroups compared with low-dose MTX subgroups only in
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Figure 2. Twelve-year drug survival rates, by tumor necrosis factor inhibitor, in the unmatched (A) and matched (B)
cohorts. IFX 5 infliximab; ETN 5 etanercept; ADA 5 adalimumab.
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Figure 1. Twelve-year overall drug survival on first tumor
necrosis factor inhibitor.
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infliximab (HR 0.59, 95% CI 0.35–0.98) and adalimumab (HR

0.54, 95% CI 0.29–0.99), but not in etanercept users (HR 0.60,
95% CI 0.27–1.32). Moreover, no significant difference was

found in drug survival of etanercept plus low-dose MTX sub-

group compared with both infliximab (HR 0.95, 95% CI 0.34–
2.68) and adalimumab (HR 0.92, 95% CI 0.39–2.22) plus

high-dose MTX subgroups (Figure 3B).

Reasons for discontinuation. Overall, 197 patients (33.7%)

stopped the first course of TNFi because of inefficacy (45
[7.7%] due to primary no response) and 152 (26%) because

of AEs. Etanercept showed a lower frequency of discontinua-

tion because of both inefficacy (17.5%, 44.1%, and 50.4%

for etanercept, infliximab, and adalimumab, respectively; P
, 0.0001) and AEs (22.4%, 36.7%, and 31.2% for etanercept,
infliximab, and adalimumab, respectively; P , 0.0001). No
significant differences in the comparison of the reasons for

discontinuation were observed between the 2 monoclonal
antibodies.

Figure 4 shows the cumulative incidence for retention

failure due to inefficacy or AEs over time. The incidence of
discontinuation similarly increased over time for all 3 TNFi
after the first 3 years of treatment, being lower at each time

for etanercept compared with the monoclonal antibodies. It
is noteworthy that the incidence of drug withdrawal

because of secondary inefficacy progressively increased

Table 2. HRs for discontinuation among TNF inhibitors by treatment period*

Treatment period/drug
comparison HR (95% CI)† P

,6 months

Adalimumab vs. etanercept 1.46 (1.04–2.06) 0.03

Infliximab vs. etanercept 0.54 (0.33–0.89) 0.016

Adalimumab vs. infliximab 1.11 (1.04–1.19) 0.003

$6 months to ,3 years

Adalimumab vs. etanercept 3.06 (2.09–4.48) , 0.0001

Infliximab vs. etanercept 2.6 (1.79–3.79) , 0.0001

Adalimumab vs. infliximab 1.16 (1.01–1.33) 0.04

$3 to ,5 years

Adalimumab vs. etanercept 12.82 (1.95–84.19) 0.008

Infliximab vs. etanercept 16.66 (2.32–119.66) 0.005

Adalimumab vs. infliximab 1.14 (0.91–1.43) 0.26

$5 years

Adalimumab vs. etanercept 5.38 (1.32–21.94) 0.019

Infliximab vs. etanercept 3.57 (1.08211.73) 0.036

Adalimumab vs. infliximab 1.24 (0.65–2.36) 0.517

* TNF 5 tumor necrosis factor; HR 5 hazard ratio; 95% CI 5 95% confidence interval.
† Cox extended model.
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Figure 3. Twelve-year drug survival rates according to (A) concomitant methotrexate (MTX) treatment and (B) MTX
dosage (low dosage: ,15 mg/week and high dosage: $15 mg/week).
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only for adalimumab and infliximab, but it was substantial-

ly stable for etanercept from 3 to 12 years of therapy.

DISCUSSION

In this study we investigated the long-term retention rates for

first-line TNFi in a large sample of routine-care RA patients,

comparing adalimumab, etanercept, and infliximab. The

study was carried out from 2003 to 2014, when all 3 drugs

were available in Italy. Our data demonstrated that the over-

all estimated percentage of patients continuing the first bio-

logic treatment after 12 years was 23.4% (median time-on-

drug 53.5 months), with a statistically significant difference

in favor of etanercept compared with both anti-TNF mono-

clonal antibodies. The most frequent reason for discontinua-

tion was inefficacy (33.7%), as compared with AEs (26%).

Concomitant MTX treatment significantly increased the

retention rate of both adalimumab and etanercept.
This is the first report evaluating the 12-year discontinua-

tion rate of TNFi in daily clinical practice, whereas the vast

majority of previous studies analyzed a shorter followup

period often limited to no more than 5 years. The short-term

survival rates in our sample are comparable to those previ-

ously described in international registries, such as the Brit-

ish Society for Rheumatology Biologics Register (42% at 5

years) (17), the Anti-Rheumatic Therapy in Sweden registry

(approximately 50% at 5 years) (10), the Gruppo Italiano di

Studio sulla Early Arthritis (GISEA) registry (42% at 4

years) (11), and the Dutch Rheumatoid Arthritis Monitoring

(DREAM) registry (55% and 45% at 3 and 5 years, respec-

tively) (18). Compared with our 12-year data, these findings

suggest that the overall discontinuation rate of the first

TNFi is higher during the first 3–5 years of treatment and
becomes progressively lower in patients maintaining the
biologic drug over 5 years. After adjusting for baseline
confounding factors, we showed the overall higher drug sur-
vival of etanercept compared with both monoclonal anti-
bodies, similarly to what is reported by the Lombardy
Rheumatology Network (LORHEN) (9) and GISEA (11) regis-
tries and by a multicentric study carried out in France (19).
At variance, some European studies did not find any
significant difference between the 2 subcutaneous TNFi
(18,20–24), whereas US reports showed greater drug surviv-
al on infliximab compared with both adalimumab and eta-
nercept (12,20). These apparently discrepant findings might
be due to differences in the baseline characteristics of the
cohorts, in the regimen of administered treatments, or other
methodologic variations.

Consistent with what was reported by the previously men-
tioned studies, this favorable etanercept result was already
evident at the 3-year evaluation, but in our analysis became
progressively greater from the fourth year of treatment. After
stratification according to treatment duration, we found that
the relationship among the 3 TNFi retention rates varied
over time. In the first 6 months of therapy, the HR for discon-
tinuing adalimumab was significantly higher compared
with both etanercept and infliximab, and etanercept showed
a higher HR compared to infliximab. During the subsequent
entire followup period, etanercept survival on treatment
was significantly greater than both adalimumab and inflixi-
mab, and became the highest, especially between 3 and 5
years of treatment. No significant differences were found
between the 2 monoclonal antibodies after 3 years of treat-
ment. Despite a shorter followup period, a similar trend was
reported by Neovius et al (10), who showed adalimumab to
have a greater HR for discontinuation versus etanercept only
during the first year, and no difference versus infliximab
during the first year.

In our cohort, etanercept showed both a better clinical effi-
cacy and a more favorable safety profile compared with
monoclonal antibodies in the first 3 years of therapy, result-
ing in a greater survival on treatment. Similar data were
observed by the Danish Registry for Biologic Therapies in
Rheumatology (21), whereas the results from other national
registries such as DREAM (18), Swiss Clinical Quality Man-
agement (23), LORHEN (9), and Rheumatoid Arthritis
Disease-Modifying Anti-Rheumatic Drug Intervention and
Utilization Study (25) are controversial. Moreover, we
showed that the difference in drug survival between etaner-
cept and the monoclonal antibodies became progressively
greater over time. Although etanercept was significantly bet-
ter tolerated than monoclonal antibodies across the entire
followup period, resulting in a lower frequency of with-
drawal due to AEs, the crucial factor is the lower number of
long-term secondary no response due to etanercept ineffica-
cy. This trend is particularly evident especially after 3 years
of treatment, when the cumulative incidence of discontinua-
tion due to inefficacy remained stable over time in etanercept-
treated patients (from 15.7% at 3 years to 17.5% at 12 years),
but progressively increased in both infliximab-treated (from
24.4% at 3 years to 44.1% at 12 years) and adalimumab-
treated (from 33.9% at 3 years to 50.4% at 12 years) groups.
The development of infliximab and adalimumab antidrug
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Figure 4. Cumulative incidence of discontinuation for inefficacy
and adverse events by tumor necrosis factor inhibitor. IFX 5

infliximab; ADA 5 adalimumab; ETN 5 etanercept. Color figure
can be viewed in the online issue, which is available at http://
onlinelibrary.wiley.com/journal/doi/10.1002/acr.22788/abstract.
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antibodies should be considered as a potential factor leading
to secondary loss of clinical response, since it has been sug-
gested that the incidence of etanercept antidrug antibodies
is significantly lower and clinically less important (26,27). It
has been also reported that the proportion of patients devel-
oping antidrug antibodies increases at least over 3 years (26),
possibly explaining the effect on monoclonal antibodies’
long-term efficacy observed in our cohort. Moreover, co-
treatment with sDMARDs was also an independent predic-
tor for drug retention in the Hellenic Registry of Biologics
(24) and the GISEA registry (11). sDMARDs (mainly MTX)
may be effective as nonbiologic antirheumatic drugs them-
selves, but they may also potentiate the anti-TNF therapy by
effectively inhibiting the formation of antidrug antibodies
(28,29). In fact, the results of our subanalysis according to
concomitant MTX use confirmed that the 12-year retention
rate is significantly greater in MTX recipients compared
with both etanercept or adalimumab monotherapy. More-
over, a relationship between drug survival and an MTX
weekly dose was found only in adalimumab and infliximab
treatment groups, confirming the crucial role of combination
therapy, especially in patients receiving anti-TNF monoclo-
nal antibodies. In any case, the overall better drug retention
of etanercept compared with infliximab and adalimumab
may be only partially explained by the higher baseline medi-
an MTX dose.

The main limitation of the current study is related to its
observational and retrospective design. In the absence of
randomization, patients with a different discontinuation
risk may have been channeled to a specific drug, producing
selection bias and potentially affecting our analysis. How-
ever, we tried to minimize the observed differences in base-
line characteristics among the 3 treatment groups by the
application of PS matching, obtaining 3 homogeneous popu-
lations before the retention rate analysis. Moreover, our
results were similar in the unmatched and matched popula-
tions. Since only subcutaneous TNFi may be used as mono-
therapy, according to what is reported in product labels,
concomitant MTX treatment was excluded from the statisti-
cal model. Considering the significantly higher proportion
of patients receiving concomitant MTX in the infliximab
group as recommended in the product label, the combina-
tion with MTX has not been included as a variable in the PS
statistical model, but survival subanalyses according to the
MTX median dose were subsequently performed in the
matched population. The results of those additional evalua-
tions may be partially affected by the small subgroup sample
size. We also limited our analysis to the period when all 3
TNFi were available in Italy in order to avoid any influence
on treatment survival analysis. Residual confounding factors
can still remain due to unknown and unmeasured channel-
ing variables associated with the outcome. On the other
hand, the most important strength is the very long followup
period, which allowed for the first time the evaluation of a
12-year retention rate and the stratification of the treatment
duration in 3-year subperiods in order to better analyze the
differences in short- and long-term drug survival, as well as
the time distribution of reasons for drug discontinuation.

In conclusion, we have presented the first observational
data on 12-year retention rate of the first-line TNFi, compar-
ing 3 anti-TNF agents after adjusting for potential confound-

ing factors. Compared with both monoclonal antibodies,
etanercept showed a better short- and long-term drug surviv-
al because of a most favorable safety profile and especially a
lower incidence of long-term secondary no responses. The
combination therapy with MTX increased the survival on
treatment of both etanercept and adalimumab, with a signifi-
cant dose relationship only for monoclonal antibodies. Our
findings may suggest the preferential use of etanercept as
first-line TNFi, mainly in patients intolerant to MTX. Future
additional analyses in a larger population should be advo-
cated in order to confirm our results.
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