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ABSTRACT
Objective. Biologic drugs (bDMARD), 
especially TNF-α-inhibitors (TNFi), 
are used in refractory Takayasu’s ar-
teritis (TAK) patients. Up to 23% of 
patients are switched to a different b-
DMARD because of inefficacy. No data 
are available on which strategy is more 
efficient after TNFi failure. The aim 
of our study is to evaluate whether a 
switch or swap strategy should be pre-
ferred in TAK patients failing TNFis.
Methods. TAK patients treated with a 
second bDMARD after the failure of 
the first TNFi were identified from 3 
referral centres. Patients were classi-
fied as switch if treated with a differ-
ent TNFi, and swap if treated with a 
non-TNFi bDMARD. Baseline features 
were evaluated. Efficacy and safety 
of the second bDMARD at 6 and 12 
months were assessed and a compari-
son between switch and swap patients 
was made.
Results. Twenty-four TAK patients 
were identified. Eleven patients (46%) 
were switched and 13 patients (54%) 
were swapped (12 to tocilizumab, 1 to 
ustekinumab). Baseline features of pa-
tients in the 2 groups were comparable. 
At 12 months, the second bDMARD 
was suspended in 4 switch (36%) and 
in 5 swap (42%) patients. Second bio-
logic drug survival and relapse-free 
survival were equivalent between the 
two groups at 6 and 12 months. A vas-
cular worsening was observed in 4 
switch (40%) and 2 swap (25%) pa-
tients. Severe infections, myocardial 
infarction, ischaemic stroke or cancer 
were recorded in no patient.   
Conclusions. Our retrospective study 
suggests that in first-line TNFi failure 
TAK patients both switch and swap 
strategies can be considered suitable 
approaches. 

Introduction
Takayasu’s arteritis (TAK) is a chronic 
granulomatous large-vessel vasculitis 
mainly affecting young women (1, 2). 
The goal of medical treatment in TAK 
patients is to control vascular inflam-
mation in order to avoid irreversible 
vascular damage that can lead to both 
stenotic and aneurysmatic lesions (3-5). 
Steroid therapy represents the first-line 
treatment option of TAK patients, with 
a generally favourable response (6). 
Unfortunately, upon steroid tapering, 
up to 50% of patients can experience a 
flare and require the addition of a con-
ventional synthetic disease-modifying 
anti-rheumatic drug (csDMARD) (3, 
7). In the case of refractory or relaps-
ing disease, the immunosuppressive 
therapy is further escalated with the in-
troduction of a biologic DMARD (bD-
MARD) (8, 9).
While several classes of bDMARD 
have been used in TAK patients (10), 
TNF-α inhibitors (TNFi), mainly inf-
liximab, and the anti-IL-6 receptor an-
tagonist tocilizumab are considered the 
most effective therapeutic options (11, 
12). However, no data are available on 
the outcome of TAK patients failing a 
first-line TNFi and which treatment 
strategy should be adopted in this con-
text. Similarly to other rheumatic dis-
eases (13), the question is then whether 
to prefer the use of a bDMARD with 
a different mechanism of action or cy-
cling to another TNFi. 
The aim of this multicentre retrospec-
tive study is to investigate the 12-month 
outcome of TAK patients who failed a 
first-line TNFi therapy according to 
their second-line bDMARD therapy: 
patients treated with a different TNFi 
(switch group), and patients treated 
with a non-TNFi biologic drug (swap 
group). 
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Methods
Study population
Data from TAK patients treated with 
biologic agents followed-up at three 
Italian referral hospitals for vasculitis 
(IRCCS San Raffaele Hospital, Milan, 
Azienda USL-IRCCS di Reggio Emilia, 
Gianna Gaslini Hospital, Genova) were 
retrospectively evaluated. All patients 
fulfilled the 1990 American College of 
Rheumatology Criteria (14). Among 
these patients, those treated with a 
TNFi as first-line biologic therapy and 
eventually treated with a different bio-
logic agent were identified. Any of the 
five currently available TNFi was con-
sidered (i.e. infliximab, adalimumab, 
etanercept, golimumab, certolizumab 
pegol). Patients were classified accord-
ing to the different therapeutic strategy 
adopted after first TNFi-failure: pa-
tients who were treated with a different 
TNFi (switch group), and patients who 
were treated with a non-TNFi biologic 
drug (swap group). 

Study assessments
Disease features at second biologic 
drug start were evaluated. These in-
cluded demographics, TAK duration, 
extension of vascular involvement, dis-
ease activity, reason for first-line TNFi 
failure, and concomitant therapies. Ex-
tension of vascular involvement was 
classified according to the angiographic 
criteria proposed by Hata et al. (15), 
whereas disease activity was graded 
using the score created by Kerr et al. 
(NIH score) (1).
Efficacy and safety of the second bio-
logic drug, percentage of second bio-
logic failure, reasons of failure, and 
changes in the concomitant immuno-
suppressive drugs were assessed at 
6 and 12 months from its start, and a 
comparison between the two groups 
(switch and swap) was made. Efficacy 
was assessed through evaluation of the 
number of relapses and need for vascu-
lar interventions. Relapse was defined 
as NIH score ≥2 with consequent ther-
apy modification. When available, the 
degree of vascular involvement, evalu-
ated by comparing magnetic resonance 
angiography (MRA) evolution over 
time, was also assessed. 
Adverse events, in particular incidence 

of vascular complications (i.e. myocar-
dial infarction, ischaemic stroke), can-
cer and severe infections (defined as in-
fections requiring hospital admission), 
were assessed at 6 and 12 months after 
second biologic agent introduction.

Statistical analysis
Data were analysed using SPSS 24.0 
(SPSS, Chicago, IL). Categorical vari-
ables were reported as numbers and 
percentage, whereas continuous vari-
ables were reported as the median and 
interquartile ranges (IQR). Two-tailed 
Fisher’s exact test and Mann-Whitney 
U test were used for statistical compari-
son. Survival analysis was performed 
with the Kaplan-Meier approach; com-
parison between survival curves was 
performed with the log-rank test. Sta-
tistical significance was defined as a p-
value <0.05.

Results
Baseline characteristics
A total of 98 TAK patients treated with 
at least one bDMARD were identi-
fied. Among them, 24 patients failed a 
first-line treatment course with a TNFi. 
Five of them (21%) were ≤18 years of 
age, and therefore were diagnosed with 
childhood TAK (16). The first-line 
TNFi was infliximab in 13 cases (54%), 
adalimumab in 8 (34%), golimumab in 
2 (8%), and etanercept in 1 (4%). No 
patient was initially started on certoli-
zumab pegol. The first-line TNFi was 
withheld after a median of 19 (8.5–38) 
months, in 9 patients (37%) within 12 
months after introduction. Reasons for 

first-TNFi suspension were inefficacy 
in 19 patients (79%) and side effects in 
5 patients (21%).
A second TNFi was started in 11 pa-
tients (46%, switch group), whereas in 
13 patients (54%) an agent with a dif-
ferent mechanism of action was pre-
ferred (swap group). The second TNFi 
was infliximab and adalimumab in 4 
cases each, golimumab in 2, and etaner-
cept in 1. In the swap group, the second 
biologic agent was tocilizumab in all 
patients except for one who was treated 
with ustekinumab. One patient of the 
swap group, originally treated with 
adalimumab and then started on tocili-
zumab, was excluded from the analysis 
as he was lost on follow-up.
At second biologic initiation, demo-
graphic and clinical features were com-
parable between the two groups (Tables 
I and II). All patients were on concomi-
tant therapy with systemic glucocorti-
coids, with the exception of one patient 
in the swap group. In 10 switch (91%) 
and in 9 swap (75%) patients the sec-
ond biologic agent was combined with 
a csDMARD (mostly, methotrexate). 

Drug retention and disease activity 
At 6 months, the second biologic drug 
was suspended in a total of 6 patients 
(23%): 3 patients (27%) in the switch 
group and 3 patients (25%) in the swap 
group. At 12 months, this number in-
creased to a total of 9 (39%) patients: 
4 (36%) in the switch and 5 (42%) in 
the swap group. Second biologic drug 
survival was equivalent between the 
two groups at both time points (Fig. 

Table I. Demographic and clinical features at second biologic drug start of patients with 
Takayasu arteritis first treated with an anti-TNF-α and then switched to another anti-TNF-α 
or swapped to a biologic drug with a different mechanism of action.

Variable Switch patients  Swap patients p-value
 (n=11)  (n=12) 

Age, years (mean ± SD) 32.3  ±  17.1 32.3  ± 12.8 1
Female sex, n (%) 9  (82) 12  (100) 0.22
Disease duration, months (mean ± SD) 69.1  ±  64.5 61.2  ± 44.4 0.83
Length of first TNFi therapy, months (mean ± SD) 30.1  ±  29.3 29.3  ± 24.8 0.92
Vascular involvement, type V[15] (%) 5  (45) 6  (50) 1
NIH score ≥ 2[1], n (%) 8  (73) 7  (58.3) 0.67
Prednisone equivalent daily dose, mg (mean ± SD) 16.1  ±  10.3  17.9  ± 15 0.13
Concomitant csDMARD, n (%) 10  (91) 9  (75) 0.59
C-reactive protein, mg/L (mean ± SD) 45.5  ±  31 28  ± 28.7 0.1
Erythrocyte sedimentation rate, mm/h (mean ± SD) 44.1  ±  22.2 50.6  ± 22 0.41

csDMARD: conventional synthetic disease-modifying antirheumatic drug; SD: standard deviation; 
TNFi: anti-TNF-α.
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1a). These findings were confirmed af-
ter stratification of both groups accord-
ing to the reason for first TNFi discon-
tinuation (data not shown). In only one 
patient, the second bDMARD (namely, 
infliximab) was stopped after an aller-
gic reaction during the drug infusion. In 
all the other cases, it was suspended due 
to inadequate disease control. 
In the first 6 months after the second 
biologic drug start, 4 patients (36%) in 
the switch group and 4 patients (33%) 
in the swap group experienced a relapse 
of TAK. After extending the period of 
observation to the first 12 months, the 
numbers increased to 5 (45%) and 8 
(67%) patients, respectively. Relapse 
free survival was equivalent between the 
two groups at both time points (Fig. 1b). 
In one patient from each of the two 
groups a vascular intervention was re-
quired. More precisely, one switch pa-
tient underwent a percutaneous trans-
luminal angioplasty of the abdominal 
aorta after 5 months from the start of 
the second bDMARD, whereas one 
swap patient required an aorto-bifem-
oral bypass after 3 months. 

Immunosuppressive therapy
Table II summarises dosages of second 
bDMARD, concomitant csDMARD, 
and systemic glucocorticoids at base-
line, at 6 months and at 12 months.
In the swap group, among the nine pa-
tients initially started on intravenous 
tocilizumab, the administration of the 
drug was changed to the subcutaneous 
route in two cases. Interestingly, 5 of 
the 7 switch patients (71%) who re-
tained the second TNFi at 12 months, 
required the drug dosage to be in-
creased (e.g. incrementing the dose or 
reducing the interval between two ad-
ministrations).
In all the patients included, dosage 
of glucocorticoids was reduced after 
second bDMARD start, with the only 
exception of one patient from the swap 
group who needed glucocorticoid ther-
apy to be increased. In one swap pa-
tient, second bDMARD start eventual-
ly allowed to suspend glucocorticoids.
In one patient from the switch group, dos-
age of csDMARD therapy was reduced 
(namely, methotrexate from 20 mg to 
15 mg weekly). In one patient from the 

N. at risk 
  Switch:     11 9 8  8  8 8 8 7 7 6 6  6 6      
   Swap:      12  12 10 10 10 10 8 7 7 6 5 4 4

Fig. 1a. Relapse-free survival at 12 months in switch (dotted line) and swap (grey line) patients.    
Relapse free survival at 12 months: HR = 1.45, 95% CI 0.47 – 4.45, p=0.51.

N. at risk 
  Switch: 11 9 8 8 8 8 8 8 8 7 7 7 7
  Swap: 12 11 11 10 10 10 9 8 7 7 7 7 7

Fig. 1b. Drug survival at 12 months in switch (dotted line) and swap (grey line) patients.  
Drug survival at 12 months: HR = 1.12, 95% CI 0.3 – 4.19, p=0.87.
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swap group, csDMARD was changed 
(from methotrexate to mycophenolate 
mofetil) due to subjective intolerance. In 
all the other cases, csDMARD therapy 
was not modified.

Imaging assessment
At second biologic drug introduction, 
MRA was available for 21 patients 
(91%). MRA was judged as worsened 
compared to the last one performed 
before bDMARD change in 11 (52%) 
patients: 7 (33%) in the switch and 4 
(19%) in the swap group. In the 12 
months following the second biologic 
drug introduction, 18 (78%) patients un-
derwent an MRA, 10 switch (56%) and 
8 (44%) swap patients. MRA worsening 
was observed in 4 (40%) switch com-
pared to 2 (25%) swap patients (p=0.64)

Safety
In no patient an infection event requir-
ing hospital admission was reported. 
No patient had myocardial infarction 
or ischaemic stroke. In no patient a new 
diagnosis of cancer was made.

Discussion
In this study, we evaluated for the 
first time the efficacy and safety of b-
DMARDs in TAK patients refractory 
to first TNFi therapy. We compared 
whether a switch strategy (i.e. use of 
a different TNFi) or a swap strategy 
(i.e. use a bDMARD with a different 
mechanism of action) could be more 
effective in this setting of patients. Our 
retrospective analysis showed no dif-
ferences between the two approaches 
at 12 months, since the number of re-
lapses, percentage of second bDMARD 
failure, second bDMARD survival rate, 
MRA worsening, and percentage of pa-
tients undergoing vascular intervention 
were all comparable between the two 
groups. 
It is worth noticing that the overall rate 
of failure at 12 months was high in 
both groups, as more than one-third of 
patients experienced a failure also with 
the second bDMARD, thus suggesting 
that the refractoriness to a first TNFi 
treatment is itself a negative prognos-
tic factor for the efficacy of a second 
biologic drug, as already observed in 
other rheumatic conditions (17). In-

terestingly, we also found that in the 
majority of switch patients who re-
tained the second TNFi throughout the 
12-month follow-up, it was necessary 
to progressively increase TNFi doses, 
further supporting the hypothesis of an 
intrinsic more difficult-to-treat disease 
phenotype. Moreover, even with the 
limited number of imaging studies we 
could retrospectively evaluate, a signif-
icant vascular worsening was observed 
in both groups. Of note, no safety issue 
emerged in our analysis with the two 
therapeutic approaches, suggesting that 
both could be safely pursued in TAK 
patients failing first-line TNFi. 
Although the role of biologic agents, 
especially TNFi and tocilizumab, has 
already been investigated both in re-
lapsing and refractory TAK (18-21), 
and their use has been included in the 
2018 EULAR recommendations for the 
management of large-vessel vasculitis 
(8), no previous study has specifically 
evaluated the outcomes of TAK pa-
tients treated with a second bDMARD. 
That is why the EULAR recommenda-
tions advise to consult an expert centre 
in case of first bDMARD failure (8). 
Similarly to rheumatoid arthritis, where 
TNFi are frequently the first class of 
bDMARD introduced, the majority of 
TAK patients are currently treated in 
first-line with a TNFi (22). Nonethe-
less, up to 23% of TAK patients treated 
with a first-line TNFi can be refractory 
to this treatment and might need the in-
troduction of a second bDMARD (11). 
While different bDMARD strategies 
have been used with various degrees of 
success in refractory TAK patients (23-
26), tocilizumab and TNFis still rep-
resent the drugs with the highest pub-
lished and more extensive real-life ex-
periences (27). That is why, upon TNFi 
failure, the clinical question is whether 
to switch the patient to a different TNFi 
or to modify the biologic therapy with 
the introduction of bDMARD with a 
different mechanism of action, mainly 
tocilizumab. Given the absence of sig-
nificant differences, our retrospective 
study suggests that in this context both 
switch and swap strategies can be con-
sidered as suitable approaches.
Our study has some limitations. First, 
the retrospective nature and the small 

number of patients included limit the 
strength of our findings. Clearly this is 
due to the rarity of the disease. Another 
limitation is the absence of a precise 
imaging evaluation, as only a fraction 
of patients underwent MRA and the 
timing of the follow-up imaging re-
evaluations were different among pa-
tients. Nonetheless, as patients were all 
managed in referral centres with exper-
tise in the treatment of TAK patients, 
and patients included were all followed 
up for at least 12 months after the sec-
ond bDMARD introduction, our study 
offers a first insight on the outcome of 
this population of TAK patients. 
Further prospective studies with a 
higher number of patients are though 
required to confirm our findings. More-
over, as the potential arsenal of biologic 
drugs for refractory TAK patients has 
recently been enriched by the introduc-
tion of a second anti-IL6 drug (sari-
lumab) and JAK-inhibitors (28), we do 
not know whether our findings will be 
confirmed in other populations, such 
as TNFi refractory TAK patients swap-
ping to other classes of bDMARD or 
TAK patients refractory to tocilizumab 
first-line therapy either switched to sari-
lumab or swapped to other bDMARDs. 

Take home messages
• No data are available on which strat-

egy (switch or swap) is more effec-
tive in refractory TAK patients fail-
ing first-line TNFi therapy.

• We compared the 12-month efficacy 
and safety of a second bDMARD in 
TAK patients switched to a differ-
ent TNFi or swapped to a bDMARD 
with a different mechanism of action. 

• We observed that in first-line TNFi 
failure TAK patients both switch and 
swap strategies can be considered 
suitable approaches. 
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