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ARTICLE INFO ABSTRACT

Keywords: Objectives: To analyse and compare drug-survival of adalimumab and etanercept (and their biosimilars) in bio-
Enthesitis-related arthritis logic-naive patients with ERA (Enthesitis-Related Arthritis).

ERA o Methods: In this retrospective observational study, conventional statistics and machine-learning were applied to
XI;:HE[:I:I;? compare drug-survival (adalimumab, etanercept and their biosimilars initiated: 2009-2019) in ERA and identify
Etanercept determinants. The primary outcome was discontinuation of treatment due to primary- or secondary-
Predictors failure and adverse drug-reactions.

Drug-survival Results: During the observation period, 99 of 188 patients with ERA on first-line TNF inhibitors (etanercept-

n=108, adalimumab-n=80) discontinued their treatment (median survival-time 3.9years, 95%CI 2.6-4.9years).
Adalimumab was associated with longer drug-survival compared to etanercept especially after an initial posi-
tive response, with the median time to treatment discontinuation 4.9years (95% CI 3.9-5.7) for adalimumab,
compared to 2years (95%CI 1.4-4.0) for etanercept (HR of treatment-discontinuation-0.49, 95%CI 0.32--0.75,
p=0.001). Adjusted by propensity-score, adalimumab-methotrexate combination was associated with longer
drug survival, compared to adalimumab-monotherapy (HR-0.41, 95%CI 0.20-0.85), etanercept-monotherapy
(HR-0.28, 95%CI 0.15-0.53), and etanercept-methotrexate combination (HR-0.39, 95%CI 0.21-0.73). The
presence of HLA-B27 was associated with longer drug-survival (HR-0.50, 95%CI 0.29-0.87) following an initial
positive response. Higher-CRP at baseline was associated with higher rate of primary-failure (HR-1.68, 95%CI
1.08-2.62). Axial-ERA (sacroiliitistspinal-involvement) was associated with poorer drug-survival for both pri-
mary- and secondary-failure (overall HR-2.03, 95%CI 1.22-3.40). Adjusted by propensity-score, shorter drug-
survival was observed in patients with baseline-CRP>12.15 mg/L, but only in the context of axial-ERA, not in
peripheral-ERA (no sacroiliitis/spinal-involvement) (HR-2.28, 95%CI 1.13—3.64).
Conclusion: Following an initial positive primary response, continuing methotrexate with adalimumab was
associated with the longest drug-survival compared to adalimumab-monotherapy or etanercept-based regimens.
Axial-ERA was associated with a poorer drug-survival. A CRP >12.15 in patients with axial-ERA was associated
with a higher rate of primary-failure. Further prospective studies are required to confirm these findings.

BASDAI Bath Ankylosing Spondylitis Disease Activity Index
CHAQ  Childhood health assessment questionnaire
CRP C-reactive protein

Abbreviations
ADRs Adverse drug reactions
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c¢sDMARDs Conventional synthetic disease-modifying antirheumatic

drugs
ERA Enthesitis-related arthritis
JADAS-CRP Juvenile arthritis disease activity score
HLA Human leukocyte antigen
IBD Inflammatory bowel disease
JIA Juvenile idiopathic arthritis
TNFi Tumour necrosis factor inhibitors
VAS Visual analogue score
Introduction

Enthesitis-related arthritis (ERA) is a sub-type of juvenile idiopathic
arthritis (JIA) characterised by peripheral arthritis, enthesitis, and axial
joint involvement. Compared to other JIA subtypes, ERA are more likely
to have persistent disease activity into adulthood, and worse functional
outcomes [1,2].

Over recent years, the widespread use of tumour necrosis factor in-
hibitors (TNFi) has revolutionised the treatment of ERA. Like other in-
ternational guidelines [3], national guidelines in England advocated use
of TNFi in ERA refractory to non-steroidal anti-inflammatories in 2015
[4]. This veered away from the prior guideline requiring the use of
methotrexate prior to TNFi initiation which included no specific guid-
ance for ERA separate to the other subtypes of JIA and did not include
specific markers of axial disease [5]. Evidence of the long-term efficacy
and sustainability of TNFi in ERA is limited by a paucity of data as
previous studies were either focused on other JIA phenotypes or
included only a small number of ERA patients [6-9].

Here we report a drug-survival analysis of first-line TNFi in our ERA-
cohort. The primary objective of this study was to investigate drug-
survival of adalimumab and etanercept and their biosimilars, with or
without a combination of conventional synthetic disease-modifying
antirheumatic drugs (csDMARDs). We also aimed to profile the major
determinants influencing the retention of first-line TNFi in patients with
ERA.

Methods
Patient population and outcome

A retrospective real-life observational study was conducted on bio-
logic-naive patients with ERA (fulfilling ILAR-criteria) [10], started on
TNFi (etanercept or adalimumab, or its-biosimilar) at University College
London Hospital (UCLH), from January 2009 to January 2019. We
extracted data from our clinical database for adolescents and adults in
January 2020.

Outcome

Patients are treated adhering to UK National Health System (NHS)
regulations for the commissioning and funding of biologic treatments [4,
11]. Response to therapy must be assessed and recorded every 3-6
months. The department uses ACR (American College of Rheuma-
tology) pediatric response criteria [12]. Patients attaining at least ACR
Pedi 30 response by the first 6 months were classified as having attained
a positive primary response to treatment. Primary-failure was consid-
ered if the TNFi was discontinued due to a lack of primary response
within the first 6 months, whereas secondary-failure was defined when
treatment was withdrawn or switched due to the treatment failure
(either due to the articular disease with new or worsening synoviti-
s/enthesitis/worsening erosion, or ongoing/flare of uveitis or other
extra-articular manifestations) [4] after attaining a positive primary
response. Patients who discontinued their treatment due to other
reasons like - pregnancy, remission, lost follow-up, or moved away
were right censored [13]in the survival analysis [14].

The primary outcome was discontinuation of treatment, due to
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Table 1
Demographics and characteristics of the enthesitis-related arthritis patients at
the beginning of 1% line TNFi

Characteristics Overall, N Etanercept, N Adalimumab, N
=188’ =108’ =80’
Caucasian 120 (64%) 72 (67%) 48 (60%)
Male 141 (75%) 80 (74%) 61 (76%)
Age of onset, years 13.0 (3.1) 13.1 (3.0) 12.8 (3.2)
Missing - n (%) 9 (5%) 1(1%) 8 (10%)
Age at TNFi initiation, years ~ 16.2 (3.0) 16.3 (2.6) 15.9 (3.4)
Missing - n (%) 24 (13%) 14 (13%) 10 (12%)
Disease duration, months 37 (30) 38 (33) 36 (27)
Missing - n (%) 24 (13%) 14 (13%) 10 (12%)
CHAQ 1.7 (0.5) 1.8 (0.5) 1.6 (0.5)
Missing - n (%) 43 (23%) 28 (26%) 15 (19%)
Physician global VAS 64 (14) 66 (15) 61 (13)
Missing - n (%) 62 (33%) 33 (31%) 29 (36%)
Patient global VAS 68 (14) 70 (13) 66 (14)
Missing - n (%) 46 (24.5%) 28 (26%) 18 (22.5%)
Patient pain VAS 73 (12) 75 (12) 69 (13)
Missing - n (%) 49 (26%) 31 (29%) 18 (22.5%)
Swollen joint count 3.9 (2.0) 3.9 (2.0) 3.8 (2.1)
Missing - n (%) 40 (21%) 23 (21%) 17 (21%)
Tender joint count 5.3 (4.0) 5.2 (3.6) 5.5 (4.6)
Missing - n (%) 92 (49%) 47 (43%) 45 (56%)
Active joint count 3.4(1.9 3.5(1.9) 3.3(1.9)
Missing - n (%) 63 (33%) 34 (31%) 29 (36%)
Restricted joint count 2.6 (1.9) 2.7 (1.9) 2.6 (1.9)
Missing - n (%) 73 (39%) 44 (41%) 29 (36%)
BASDAI 6.3 (1.0) 6.2 (1.1) 6.4 (0.9)
Missing n (%) 90 (48%) 53 (49%) 37 (46%)
CRP?, mg/L (mean with SD) 18 (24) 19 (30) 16 (14)
Median with IQR 12.8 (7- 12.9(6.6-18.3)  12.2(8-19.1)
18.4)

Missing - n (%) 29 (15%) 15 (14%) 14 (17.5%)
JADAS27-CRP® 17.3 (3.5) 17.8 (2.9) 16.9 (4.0)
Missing - n (%) 63 (33%) 34 (31%) 29 (36%)
Axial-ERA 137 (73%) 80 (74%) 57 (71%)
Uveitis* 28 (15%) 8 (7%) 20 (25%)
Inflammatory bowel 19 (11%) 13 (12%) 6 (8%)

disease”
HLA-B27 positive 134 (71%) 74 (69%) 60 (75%)
Methotrexate 121 (64%) 67 (62%) 54 (68%)
Sulfasalazine 38 (20%) 17 (16%) 21 (26%)
Observation period, months, 32.6 (26.2) 30.3 (26.7) 35.7 (25.4) 31

(mean with SD) Median 24.8 (31.2) 20.2 (29.8) (27.8)

with IQR
Cause of discontinuation”
Primary-failure 29 (15%) 20 (19%) 9 (11%)
Secondary-failure 59 (31%) 46 (43%) 13 (16%)
Adverse drug reactions 11 (6%) 4 (4%) 7 (9%)

1 Statistics presented: n (number of events) (% of total patients); Mean (SD)n if
not mentioned otherwise.

2 CRP (C-reactive protein) normal value 0-5 mg/L.

3 JADAS27CRP (Juvenile arthritis disease activity score — CRP) = physician
global assessment (0-10-cm VAS) + patient global assessment (0-10-cm VAS) +
Active joint count (0-27) + normalised CRP [(CRP-10)/10].

*# Active disease or previous episodes during the observation period.

5 n (number of events of the respective cause) (% of total events of discon-
tinuation). BASDAI = Bath ankylosing spondylitis disease activity score, CHAQ
= Childhood health assessment questionnaire, VAS = Visual analogue score.

primary- or secondary-failure, and adverse drug-reactions (ADRs).
A separate analysis was also performed on primary- and secondary-
failure.

Baseline data

The following data were collected at baseline (at TNFi initiation):
demographics, age at onset, disease duration, baseline disease outcome-
scores [CHAQ (childhood health assessment questionnaire), physician’s
global visual analogue score (VAS) i.e., physician’s global assessment of
the disease activity, patient’s global VAS (patient’s assessment on his/
her general wellbeing), patient’s pain VAS (overall pain score), tender
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Biologic-naive ERA patients started on biologics therapy
between January 2009 to January 2019
n =201

Excludes - patients who started on TNFi other than
adalimumab or etanercept (or its biosimilars), n = 13
Golimumab, n = 3
Infliximab, n = 9
Certolizumab, n =1

Total patients included, n = 188

!

Etanercept (or its biosimilars)
n =108 (57%)

!

Adalimumab (or its biosimilars)
n =80 (43%)

l Other causes of

discontinuation
' Remission, n =7
Pregnancy, n=1

Lost follow-up, n =3
moved away, n =7

Discontinued
n = 70 (65%)

Other causes of l
discontinuation ; —
Remission, n =9 ‘ Discontinue

v

= 0,
Pregnancy, n = 0 n =29 (36%)
Lost follow-up, h =4

moved away, n = 6

Prl.mary Secc.mdary ADRs
failure failure n =4 (6%)
n = 20 (28%) n = 46 (66%) B

alle

Discontinued

Discontinued

due to due to
Articular Articular
cause, n=19 cause, n = 39
Uveitis, n=1 Uveitis, n =6
IBD,n=0 IBD,n=1

e || e || ADRs
= 0,
n=9(31% | n=13(as%) @ "= (24%)
Discontinued Discontinued
due to due to

Articular Articular
cause,n=9 cause,n=8
Uveitis, n =0 Uveitis, n =5

IBD,n=0 IBD,n=0

Fig. 1. Study population. Patients who discontinued due to remission, pregnancy, moved away, or lost in follow-up were right censored. ADRs = Adverse drug
reactions, IBD = Inflammatory bowel disease, TNFi = Tumour necrosis factor inhibitor.

joint count (TJC), swollen joint count (SJC), active joint count (AJC),
restricted joint count (RJC), JADAS-CRP (Juvenile arthritis disease ac-
tivity score — CRP) [12], Bath Ankylosing Spondylitis Disease Activity
Index (BASDAI)], pre-TNFi inflammatory markers [C-reactive pro-
tein/CRP (normal-0-5mg/L)], and concomitant use of csDMARDs with
corticosteroid. Uveitis & inflammatory bowel disease (IBD) (active dis-
ease or previous episodes), or new episodes during the observation
period), axial-ERA (defined as presence of
sacroiliitis/spinal-involvement on MRI/Magnetic resonance imaging) or
peripheral-ERA (no sacroiliitis or spinal-involvement on MRI), and
HLA-B27 were also recorded. Any given combination therapy of TNFi
with methotrexate (or any other csDMARDs) were determined if they
were already taking the csDMARDs and continued it following the TNFi
initiation. Patients on combination therapy were right censored in the
survival analysis if they discontinued the csDMARDs [15]. Similarly,
monotherapy initiators were also right censored if csDMARD(s) were
added later.

Statistical Analysis

All statistical analyses were performed using R (version 4.0.2, R
Foundation for Statistical Computing, Vienna, Austria). Multiple impu-
tation by Markov chain Monte Carlo equations under the missing-at-
random assumption was used for handling missing values of cova-
riates (exact numbers are shown in Table 1) at baseline. Forty imputed
data sets were imputed, analysed, and pooled using Rubin’s rules [16]
by using mice [17] package in R.

Kaplan-Meier (K-M) analysis and propensity-score adjusted cox-
regression were used to analyse time to treatment discontinuation.
Propensity-score was estimated for each patient using logistic-regression
adjusted for age at TNFi initiation, gender, race, disease duration,
JADAS27-CRP (Juvenile arthritis disease activity score — CRP),
concomitant treatment, axial disease, presence of uveitis (active disease
or previous history), and IBD (active disease or previous history). To
select covariates for the multivariable model we applied elastic-net [18]
and partial least square regression (PLS) [10-fold cross-validation with
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Fig. 2. (A-D): Kaplan-Meier (K-M) survival plots showing time to treatment-discontinuation by - (A) Adalimumab (ADA) versus Etanercept (ETA), (B) tumour
necrosis factor inhibitor (TNFi)-monotherapy versus and TNFi-MTX (methotrexate) combination, (C) ADA-monotherapy versus and ADA-MTX combination, and
(D) ETA-monotherapy versus and ETA-MTX combination. Dotted lines indicate median-survival time. Hazard ratio (HR) with 95% CI (confidence interval) of

discontinuation of TNFi (unadjusted) are shown.

50-repetitions was applied to prevent model overfitting by using plsRcox
[19]]. To check sensitivity of the findings, we adopted supervised
machine-learning: survival-tree and random-forest (RF) survival. The
survival-tree, using rpart[20] package, was constructed by growing the
initial tree by binary-splitting and then pruning the tree to
terminal-nodes with log-rank. Using maximally selected rank statistics
with ranger package [21], RF for survival was adopted. Decision-trees
were built using bootstrap dataset consisting of randomly selected
samples from the original dataset with six randomly selected variables
(mtry=6) for each decision-tree and minimum node size of 3 after model
optimasation. 10,001 decision-trees were used allowing the output to be
stabilised and to ensure the reliable predictive performance.

Ethical approval

This analysis was done as part of a service evaluation of clinical care.
In accordance with National Health Service Research Ethics Committee
guidelines, no formal ethical approval was required.

Results

A total of 188-patients were selected (Fig. 1) after excluding patients
treated with TNFi other than adalimumab or etanercept (or its bio-
similars), due to extremely low numbers. Of these 57% (108 of 188)
started etanercept and 43% (80 of 188) adalimumab. 31% (59 of 188)
patients discontinued TNFi due to secondary-failure and 15% (29 of
188) due to primary-failure. Mean age of onset of ERA was 13years (SD
3.1) (Table 1) and three quarters were male. Mean age of TNFi initiation
was 16.2 (SD 3). About three-quarters had axial-disease and were HLA-
B27 positive. 15% (n =28) of the patients had uveitis (details are

illustrated in Supplementary Table 1) at baseline. Concomitant metho-
trexate was prescribed in 64% of the patients.

Adalimumab with methotrexate was shown to have the longest drug-
survival

K-M analysis demonstrated longer drug-survival (Fig. 2A) of adali-
mumab, compared to etanercept (log-rank p=0.001) with median-time
to treatment-discontinuation 4.9years (95%CI 3.9-5.7) and 2years
(95%CI 1.4-4.0), respectively. Time-to treatment-discontinuation was
significantly higher when TNFi was combined (Fig. 2B) with metho-
trexate (log-rank p=0.0003) compared to monotherapy. Combining
methotrexate with adalimumab and etanercept was associated with
significant prolongation of drug-survival compared to monotherapy
(Fig. 2C-D) with hazard-ratio (HR) of 0.42 (95%CI 0.20-0.87, log-rank
p=0.015) and 0.55 (95%CI 0.34-0.88, log-rank p=0.011), respectively.

After adjusting by propensity score, combination therapy of adali-
mumab with methotrexate was associated with better retention of
treatment (Fig. 3) by reducing the risk by 59% (95%CI 15% to 80%,
p=0.017), 72% (95%CI 47% to 85%, p=0.0008), and 61% (95%CI 27%
to 79%, p=0.003) in comparison to adalimumab-monotherapy, eta-
nercept-monotherapy, and etanercept-methotrexate combination,
respectively.

Following the initial primary response, a longer drug-survival was
observed in adalimumab treated patients compared to etanercept (log-
rank test 0.0005) (Supplementary Figure 1A). Similar to the drug-
survival of all causes, patients underwent secondary failure also
showed shorter drug-survival if not being co-treated with methotrexate
(Supplementary Figure 1B), but only in adalimumab-group (HR 0.27,
95%CI 0.09-0.85, log-rank p=0.015) (Supplementary Figure 1C), not in
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Treatment N =188 Events =99 HR [95% CI] p-value
Etanercept monotherapy as comparator

Etanercept 41 35 Reference

Etanercept with methotrexate 67 35 l—.——l 0.73 (0.45t0 1.19) 0.20
Adalimumab 26 15 S e 0.69 (0.37t01.27)  0.23
Adalimumab with methotrexate 54 14 I-.—| 0.28 (0.15t0 0.53)  0.0008

Etanercept-methotrexate combination as comparator

Etanercept with methotrexate 67 35 Reference

Adalimumab 26 15 ! B | 0.94 (0.51t01.74)  0.85
Adalimumab with methotrexate 54 14 HIl— 0.39 (0.21100.73)  0.003

Adalimumab monotherapy as comparator
Adalimumab 26 15 Reference
Adalimumab with methotrexate 54 14 O B 0.41(0.20t00.85)  0.017
) ) ) ]

0 0.2 0.5 1 2
Favours retention Favours discontinuation

Fig. 3. Drug-survival comparing adalimumab and etanercept with or without methotrexate, adjusted by propensity-score’. Hazard ratio (HR) with 95% CI
(confidence interval) of treatment-discontinuation. 'Propensity-score was estimated for each patient using logistic regression adjusted for age at TNFi initiation, gender, race,
disease duration, JADAS27-CRP (Juvenile arthritis disease activity score — C-reactive protein/CRP), concomitant treatment, axial disease, and presence of uveitis or in-

flammatory bowel disease (active disease or previous history).

etanercept treated patients (Supplementary Figure 1C). Propensity-score
adjusted analysis confirmed these findings (Supplementary Figure 1E).

To explore if there was any difference between the cause of treatment
discontinuation (either primary or secondary) i.e., worsening of artic-
ular disease versus uveitis, further comparison analysis was conducted
stratified by the cause of discontinuation (Supplementary Figure 2).
Favourable drug-survival of adalimumab was only demonstrated if
worsening of joint disease led to the discontinuation (unadjusted HR
0.45, 95% CI 0.28-0.73, log-rank p<0.001) (Supplementary Figure 2A)
and not for uveitis (Supplementary Figure 2B).

Other determinants of drug-survival

Concomitant methotrexate, CRP (log transformed), HLA-B27 posi-
tivity were associated with better drug-survival in the univariable
analysis (Supplementary Table 2).

Covariates selected by PLS (Fig. 4A), and elastic-net regression were
the same. In the multivariate regression (Fig. 4B), use of adalimumab
(HR-0.49, 95%CI 0.31-0.875, p=0.0011), methotrexate (HR-0.47, 95%
CI 0.32-0.71, p=0.0002) and HLA-B27 positivity (HR-0.58, 95%CI
0.38-0.88, p=0.01) were associated with longer drug-survival. Axial-
ERA (HR-2.03, 95%CI 1.22-3.40, p=0.0067) and higher (log of)
baseline-CRP (HR-1.29, 95%CI 1.04-1.60, p=0.023) associated with
increased risk of drug-discontinuation. A sensitivity analysis (complete
case) confirmed these findings (Supplementary Figure 3).

In our RF survival model (Fig. 4C), methotrexate and adalimumab
were the two most influential factors (by Mean Decrease Gini where
higher value means higher importance) to predict TNFi-survival. In
survival-tree model (Fig. 4D) final nodes were split by concomitant-
methotrexate, HLA-B27, TNFi baseline-CRP [splitting was based to

minimise the Gini impurity; 12.15 was chosen by the rpart function
[20]], and axial-ERA. K-M curve (Fig. 4D) showed poorer drug-survival
of the axial-ERA patients with baseline-CRP>12.15mg/L (node-11),
compared to peripheral-ERA (node-9) irrespective of baseline CRP level
(node-8). After propensity-score adjustment, axial-ERA patients with
baseline-CRP>12.1mg/L had higher rates of treatment-discontinuation
(Fig. 4E), compared to peripheral-ERA patients with base-
line-CRP>12.15mg/L (HR-2.28, 95%CI 1.13-3.64, p=0.022) or patients
with  baseline-CRP<12.15mg/L  irrespective = of axial- or
peripheral-disease (HR-1.98, 95%CI 1.30-3.03, p=0.0016).

In the subgroup of patients underwent secondary-failure, adalimu-
mab, methotrexate, HLA-B27, and axial-ERA but not baseline-CRP, were
associated with longer drug-survival (Supplementary Figure 4A-C).
Whereas in the context of primary-failure, raised baseline-CRP and
axial-disease were associated with unfavourable initial response to TNFi
(Supplementary Figure 5A-C) while patients with concomitant metho-
trexate was more likely to show the initial response to TNFi (HR-0.43,
95%CI 0.20-0.93, p=0.032). The primary-response was not influenced
by HLA-B27 or adalimumab.

Discontinuation due to ADRs

No difference was noted between etanercept and adalimumab if they
were discontinued due to ADRs (Supplementary Figure 6). Infections
and drug-induced liver injury were enlisted among the causes of treat-
ment discontinuation secondary to ADRs are (Supplementary Table 3).

Discussion

This is one of the largest real-world studies examining the long-term
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A.

Variables N Events HR [95% Cl] p-value
log (c-reactive protein) 188 99 -l 1.29 (1.04t0 1.60)  0.023
Axial-ERA
Axial-ERA ° No 51 18 Reference
Yes 137 81 ———— 2.03(1.22t03.40) 0.0067
C-reactive protein ®  HLA-B27 status
Negative 54 36 Reference
HLA-B27 *-—
Positive 134 63 - 0.58 (0.38t00.88) 0.010
With methotrexate @=——————— Concomitant treatment
TNFi monotherapy 67 50 Reference
Adalimumab (vs etanercept) TNFi with methotrexate 121 49 B 047 (0.32100.71) 0.0002
-20 -10 5 10 18 Type of TNFi
Etanercept 108 70 Reference
Adalimumab 80 29 - 0.49 (0.3110 0.75)  0.0011
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P o Global Schoenfeld P = 0.21
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Adalimumab (vs Etanercept) ® Yes No
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Presence of uveitis| =@
Age| ® Axial-ERA
Male (vs Female) .
" . " Adali b Etanercept No Yes
With sulfasalazine . Node 3 (n = 83) ‘ \ Node 5 (n = 14) \ \ Node 6 (n = 24) \ \ Node 8 (n = 32) ‘ [ Node 10 (n=9) ][ Node 11 (n=26) |
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N =188 Events =99 HR [95% CI] p-value
E. CRP <12.15 87 39 Reference
CRP >/=12.15 + Peripheral-ERA 29 10 0.87 (0.43t0 1.76) 0.69
CRP >/=12.15 + Axial-ERA 72 50 —— 1.98 (1.30 t0 3.03) 0.0016
CRP >/=12.15 + Peripheral-ERA 29 10 Reference
CRP >/= 12.15 + Axial-ERA 72 50 ——Ml— 228(1.13t03.64) 0.022

-
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Fig. 4. A-E: Covariates predicting 10-year drug-survival of first-line tumour necrosis factor inhibitor (TNFi) in Enthesitis-related arthritis (ERA). A. Partial
least squares regression model - covariates (ranked) with left-oriented bars favour TNFi-retention, whereas right-oriented bars favour discontinuation of TNFi. B.
Multivariable cox-regression (with multiple imputation) — Hazard ratio (HR) with 95 % confidence interval (CI) of the risk factors for discontinuation of first-line
TNFi C. Random Forest model - to predict the discontinuation of TNFi (error rate was 19.2%). Covariates (ranked) contributing to the random forest model are
shown. D. Survival tree — terminal nodes to predict discontinuation of TNFi with Kaplan-Meier curves of each node. E. Propensity-score’ adjusted cox-regression -
interaction between CRP = C-reactive protein (normal 0-5 mg/L) and axial-ERA. 'Propensity-score was estimated for each patient using logistic regression adjusted for age
at TNFi initiation, gender, race, disease duration, JADAS27-CRP (Juvenile arthritis disease activity score — CRP), concomitant treatment, axial disease, and presence of uveitis

or inflammatory bowel disease (active disease or previous history).

drug-survival of TNFi in biologic-naive patients with ERA. Our patient
cohort spans the adolescent and young adult age range representing a
cohort in a unique developmental phase of life, biologically and psy-
chosocially. The median TNFi-survival time of our patients was 3.9years
which is consistent with other studies [6,7]. Our results show longer
drug-survival being associated with adalimumab which was augmented
by concomitant methotrexate and HLA-B27 positivity. A higher CRP as
baseline was associated with a reduced primary response, whereas
axial-disease ~was associated with increased primary- and
secondary-failure.

A longer drug-survival associated with adalimumab compared to
etanercept in ERA has never been shown before. Previous evidence
suggests that combining methotrexate with adalimumab may reduce the
development of anti-drug antibodies and a consequent loss of efficacy
[22]. Adalimumab is more immunogenic than etanercept, and previous
studies revealed more frequent detection of anti-drug antibodies to
adalimumab compared to etanercept [23] leading to treatment failure or
hypersensitivity. This is in keeping with our finding of longer
drug-survival being associated with combination methotrexate and
adalimumab. We found HLA-B27 positive status associated with longer
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TNFi-survival for secondary-failure. This has not been described in ERA
but has been shown in ankylosing spondylitis (AS) [24]. In contrast to
our findings, elevated-CRP was shown be associated with better TNFi
response in AS [25]. A previous study showed TNFi benefit in treating
sacroiliac joint inflammation [26], however our finding of poorer
drug-survival of TNFi in axial-ERA (with raised CRP) has not been
previously described and requires further study.

We acknowledge this was a retrospective study with all the inherent
weaknesses of such a methodology. Another limitation of our study is
being single-centred. We were unable to assess the effect of intravenous,
intra-articular or intramuscular steroid or concomitant NSAIDs due to
incomplete records. Incomplete dosing record of methotrexate at mul-
tiple time-points precluded using dosing as an adjustment factor.
Adherence to both methotrexate and TNFi may be a key determinant
factor that is difficult to measure. This is especially pertinent in this age
group who may have lower levels of adherence and more side effects
with methotrexate [27]. Investigating the role of anti-drug antibodies on
TNFi survival is an area for future study especially as this becomes part
of standard clinical practice.

The longer drug-survival associated with adalimumab would need to
be confirmed by a clinical trial comparing adalimumab and etanercept.
Specific relationships that need further study include concomitant
methotrexate including dosing, HLA-B27, CRP, and axial- versus
peripheral-disease. This may inform future treatment strategies for ERA.

Contributors

MS, NH, AVM, and AB were involved in data collection. MS per-
formed the analysis, RM and CD helped in the statistical analysis. MS,
CF, ML, CC, and DS were involved in the design of the study design and
data interpretation. All authors contributed and reviewed the manu-
script’s content before submission.

Funding

MS is funded by versus arthritis grant (grant number 20873) and
LUPUS UK (grant number 5811679). CF, DS, ML, CD and CC are sup-
ported in part by a Centre of Excellence grant to the Centre for
Adolescent Rheumatology Versus Arthritis from Versus Arthritis
(21593); CF is supported by a grant from Versus Arthritis (20762) and
both DS and CF the NIHR UCLH Biomedical Research Centre. CC is
supported by a NIHR grant BRC773/11I/CC/101350. CD is supported in
part by the NIHR Biomedical Research Centre at Great Ormond Street
Hospital.

Disclosure: None.

Patient consent for publication: not required.

Ethical approval: No ethical approval is required for retrospective
clinical database analysis under National Health Service Research Ethics
Committee.

Conflict of Interest
None.
Data availability statement
: Anonymised individual patient data will be shared upon reasonable
request for research purposes.
Acknowledgements

We would like to acknowledge Ania Radzizsewska and Mandy
Greenwood for providing us the database extract.

Seminars in Arthritis and Rheumatism 55 (2022) 152038
Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.semarthrit.2022.152038.

Reference

[1] Glerup M, Rypdal V, Arnstad ED, Ekelund M, Peltoniemi S, Aalto K, et al. Long-
term outcomes in juvenile idiopathic arthritis: eighteen years of follow-up in the
population-based nordic juvenile idiopathic arthritis cohort. Arthritis Care Res
(Hoboken) 2020;72(4):507-16.

[2] Weiss PF, Beukelman T, Schanberg LE, Kimura Y, Colbert RA. Enthesitis-related
arthritis is associated with higher pain intensity and poorer health status in
comparison with other categories of juvenile idiopathic arthritis: the childhood
arthritis and rheumatology research alliance registry. J Rheumatol 2012;39(12):
2341-51.

[3] Ringold S, Angeles-Han ST, Beukelman T, Lovell D, Cuello CA, Becker ML, et al.
2019 American college of rheumatology/arthritis foundation guideline for the
treatment of juvenile idiopathic arthritis: therapeutic approaches for non-systemic
polyarthritis, sacroiliitis, and enthesitis. Arthritis Care Res (Hoboken) 2019;71(6):
717-34.

[4] Clinical Commissioning Policy Statement: Biologic Therapies for the treatment of
Juvenile Idiopathic Arthritis (JIA). NHS England [Internet]. Reference: NHS
England E03X04.

[5] Guidance on the use of etanercept for the treatment of juvenile idiopathic arthritis.

NICE (National institute for health and care excellence). 2002 (Technology

appraisal guidance [TA35]).

Kearsley-Fleet L, McErlane F, Foster HE, Lunt M, Watson KD, Symmons DPM, et al.

Effectiveness and safety of TNF inhibitors in adults with juvenile idiopathic

arthritis. RMD Open 2016;2(2):e000273.

[7] Favalli EG, Pontikaki I, Becciolini A, Biggioggero M, Ughi N, Romano M, 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 2017;36(8):1747-55.

Windschall D, Miiller T, Becker I, Horneff G. Safety and efficacy of etanercept in

children with the JIA categories extended oligoarthritis, enthesitis-related arthritis

and psoriasis arthritis. Clin Rheumatol 2015;34(1):61-9.

[9] Otten MH, Prince FH, Twilt M, Ten Cate R, Armbrust W, Hoppenreijs EP, et al.
Tumor necrosis factor-blocking agents for children with enthesitis-related
arthritis-data from the dutch arthritis and biologicals in children register, 1999-
2010. J Rheumatol 2011;38(10):2258-63.

[10] Petty RE, Southwood TR, Baum J, Bhettay E, Glass DN, Manners P, et al. Revision
of the proposed classification criteria for juvenile idiopathic arthritis: Durban,
1997. J Rheumatol 1998;25(10):1991-4.

[11] Abatacept, adalimumab, etanercept and tocilizumab for treating juvenile
idiopathic arthritis. NICE (National institute for health and care excellence). 2015;
Technology appraisal guidance [TA373].

[12] Consolaro A, Giancane G, Schiappapietra B, Davi S, Calandra S, Lanni S, et al.
Clinical outcome measures in juvenile idiopathic arthritis. Pediatric Rheumatol
2016;14(1):23.

[13] Andersen PK, Borgan @, Gill RD, Keiding N. Model Specification and Censoring. In:
Andersen PK, Borgan @, Gill RD, Keiding N, editors. Statistical Models Based on
Counting Processes. New York, NY: Springer US; 1993. p. 121-75.

[14] Leung K-M, Elashoff RM, Afifi AA. Censoring issues in survival analysis. Annu Rev
Public Health 1997;18(1):83-104.

[15] Zhang J, Xie F, Delzell E, Yun H, Lewis JD, Haynes K, et al. Impact of biologic
agents with and without concomitant methotrexate and at reduced doses in older
rheumatoid arthritis patients. Arthritis Care Res (Hoboken) 2015;67(5):624-32.

[16] DB R. Multiple imputation for nonresponse in surveys. John Wiley & Sons, Inc;
1987.

[17] Stef van Buuren KG-O. Mice. Multivariate Imputation by Chained Equations in R.
Journal of Statistical Software 2011;45(3):1-67.

[18] Wu Y. Elastic net for cox’s proportional hazards model with a solution path
algorithm. Stat Sin 2012;22:27-294.

[19] Maumy-Bertrand FBaM. Partial Least Squares Regression for Cox Models and
Related Techniques. R package. 2021;version 1.7.6.

[20] Atkinson TTaB. rpart: Recursive Partitioning and Regression Trees. R package
version 41-15. 2019.

[21] Marvin N, Wright AZ. A fast implementation of random forests for high
dimensional data in C++ and R. J Stat Software 2017;77(1):17.

[22] Ferrara G, Mastrangelo G, Barone P, La Torre F, Martino S, Pappagallo G, et al.
Methotrexate in juvenile idiopathic arthritis: advice and recommendations from
the MARAJIA expert consensus meeting. Pediatr Rheumatol Online J 2018;16(1):
46.

[23] Doeleman MJH, van Maarseveen EM, Swart JF. Inmunogenicity of biologic agents
in juvenile idiopathic arthritis: a systematic review and meta-analysis.
Rheumatology 2019;58(10):1839-49.

[24] Yahya F, Gaffney K, Hamilton L, Lonsdale E, Leeder J, Brooksby A, et al. Tumour
necrosis factor inhibitor survival and predictors of response in axial
spondyloarthritis—findings from a United Kingdom cohort. Rheumatology 2017;
57(4):619-24.

[6

—

[8

—


https://doi.org/10.1016/j.semarthrit.2022.152038
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0001
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0001
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0001
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0001
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0002
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0002
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0002
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0002
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0002
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0003
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0003
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0003
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0003
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0003
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0006
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0006
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0006
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0007
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0007
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0007
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0007
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0008
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0008
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0008
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0009
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0009
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0009
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0009
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0010
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0010
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0010
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0012
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0012
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0012
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0013
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0013
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0013
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0014
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0014
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0015
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0015
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0015
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0016
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0016
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0017
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0017
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0018
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0018
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0021
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0021
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0022
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0022
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0022
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0022
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0023
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0023
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0023
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0024
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0024
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0024
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0024

M.R. Shipa et al. Seminars in Arthritis and Rheumatism 55 (2022) 152038

[25] Baraliakos X, Szumski A, Koenig AS, Jones H. The role of C-reactive protein as a observation of serial magnetic resonance imaging scans. Arthritis & Rheumatol
predictor of treatment response in patients with ankylosing spondylitis. Semin (Hoboken, NJ) 2019;71(4):594-8.
Arthritis Rheum 2019;48(6):997-1004. [27] Patil P, Parker RA, Rawcliffe C, Olaleye A, Moore S, Daly N, et al. Methotrexate-
[26] Bray TJP, Lopes A, Fisher C, Ciurtin C, Sen D, Hall-Craggs MA. Sacroiliac joint induced nausea and vomiting in adolescent and young adult patients. Clin
ankylosis in young spondyloarthritis patients receiving biologic therapy: Rheumatol 2014;33(3):403-7.


http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0025
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0025
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0025
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0026
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0026
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0026
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0026
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0027
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0027
http://refhub.elsevier.com/S0049-0172(22)00089-0/sbref0027

	Adalimumab or etanercept as first line biologic therapy in enthesitis related arthritis (ERA) - a drug-survival single cent ...
	Introduction
	Methods
	Patient population and outcome
	Outcome
	Baseline data
	Statistical Analysis
	Ethical approval

	Results
	Adalimumab with methotrexate was shown to have the longest drug-survival
	Other determinants of drug-survival
	Discontinuation due to ADRs

	Discussion
	Contributors
	Funding
	Conflict of Interest
	Data availability statement
	Acknowledgements
	Supplementary materials
	Reference


