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Abstract

Objectives. Tocilizumab, an anti-IL-6 receptor antibody, was investigated in patients with refractory Takayasu ar-

teritis (TAK) in a phase 3 randomized controlled trial. In this post hoc analysis, we investigated whether tocilizumab

treatment inhibited the progression of vascular lesions caused by TAK in these patients.

Methods. Included patients received at least one dose of tocilizumab and underwent CT at baseline and at

week 48 after tocilizumab initiation. Three radiologists not involved in the original trial independently evaluated the

CT images. Twenty-two arteries from each patient were assessed for change from baseline in wall thickness (pri-

mary endpoint), dilatation/aneurysm, stenosis/occlusion or wall enhancement for at least 96 weeks after tocilizumab

initiation. Patient-level assessments were also conducted.

Results. In 28 patients, 86.7% of 22 arteries had improved or stable wall thickness at week 96. Proportions of

patients with improved or stable, partially progressed or newly progressed lesions were 57.1%, 10.7% and 28.6%,

respectively, for wall thickness; proportions with improved or stable lesions were 92.9% for dilatation/aneurysm,

and 85.7% for stenosis/occlusion. Patients with newly progressed lesions, reflecting more refractory disease, were

prescribed glucocorticoids at dosages that could not be reduced below 0.1 mg/kg/day at week 96.

Conclusions. Approximately 60% of patients with TAK did not experience progression in wall thickness within

96 weeks after initiation of tocilizumab treatment. Few patients experienced progressed dilatation/aneurysm, or

stenosis/occlusion. Wall thickness progression likely resulted from refractory TAK. Patients who experience this

should be monitored regularly by imaging, and additional glucocorticoid or immunosuppressive treatment should be

considered to avoid vascular progression.

Trial registration. Japan Pharmaceutical Information Centre number, JapicCTI-142616.
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Rheumatology key messages

. Fifty-seven percent of patients with Takayasu arteritis receiving tocilizumab experienced no progression in
artery wall thickness.

. Few patients with refractory Takayasu arteritis receiving tocilizumab experienced progression in
dilatation/aneurysm or stenosis/occlusion.

. Patients with refractory disease should be monitored regularly by imaging to avoid vascular progression.

1Department of Vascular Physiology, National Cerebral and
Cardiovascular Centre Research Institute, Suita, 2Department of
Cardiovascular Medicine, Osaka University Graduate School of
Medicine, 3Department of Diagnostic and Interventional Radiology,
Osaka University Graduate School of Medicine, Osaka, 4Medical
Science Department, Medical Affairs, 5Biometrics Department,
6Department of Primary Clinical Development, Chugai
Pharmaceutical Co., Ltd, Tokyo, 7Department of Radiology, Nippon
Medical School, Tokyo, Japan and 8Department of Medicine,
University of Cambridge, Cambridge, UK

Submitted 2 June 2021; accepted 2 September 2021

Correspondence to: Yoshikazu Nakaoka, Department of Vascular
Physiology, National Cerebral and Cardiovascular Centre Research
Institute, 6-1 Kishibeshimmachi, Suita, Osaka 564-8565, Japan,
Department of Cardiovascular Medicine, Osaka University Graduate
School of Medicine, 2-2 Yamadaoka, Suita, Osaka 565-0871, Japan.
E-mail: ynakaoka@ncvc.go.jp

C
L

IN
IC

A
L

S
C

IE
N

C
E

VC The Author(s) 2021. Published by Oxford University Press on behalf of the British Society for Rheumatology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use,
distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

Rheumatology
Rheumatology 2022;61:2360–2368

doi:10.1093/rheumatology/keab684

Advance Access publication 16 September 2021

https://orcid.org/0000-0002-8404-2587


Introduction

Takayasu arteritis (TAK) is a rare large-vessel vasculitis

characterized by inflammation of the aorta and its main

branches, and of the pulmonary arteries. TAK most

often manifests in women at �20 years of age [1–4].

Infiltration of inflammatory cells into large vessels and

release of proinflammatory cytokines, including IFN-c,

TNF-a, IL-6, IL-8, IL-17A and IL-18, and acute-phase

reactants such as CRP, occur during the pathogenesis

of TAK. Elevated levels of these cytokines are detected

in the sera of patients with TAK [5–8], levels of IL-6 cor-

relate with disease activity [9] and elevated CRP levels

are associated with relapse [10]. Arterial inflammation

can result in arterial wall thickening and remodelling,

leading to fibrosis, stenosis or dilatation, aneurysm and

thrombus formation [11, 12].

Classification criteria have been developed based on

clinical and imaging features [13], but measurement of

acute-phase reactants, such as CRP and ESR, might

not adequately reflect TAK disease activity. Guidelines

state that patients with suspected TAK should be

referred for large-vessel imaging. The use of imaging

modalities, such as ultrasonography, MRI, CT and [18F]-

fluorodeoxyglucose PET, has become central to the

diagnosis and management of TAK [4, 11, 14–17].

Tocilizumab is an anti-IL-6 receptor mAb that blocks

IL-6 signalling and reduces inflammation [18]. The TAKT

study was a randomized, placebo-controlled, double-

blind, phase 3 trial that investigated the efficacy and

safety of tocilizumab for the treatment of refractory TAK.

The trial enrolled 36 patients with refractory TAK and

included a double-blind period that lasted until 19

patients experienced relapse and a subsequent open-

label extension period of at least 96 weeks’ duration

[19, 20]. The primary endpoint was not met in this trial;

the hazard ratio for time to relapse after the induction of

remission with glucocorticoids was 0.41 (95.41% CI

0.15, 1.10; P¼0.0596) [19]. Although the primary end-

point was not met, the results suggested a benefit of

tocilizumab over placebo in the time to relapse. After

96 weeks of treatment, the median glucocorticoid dos-

age was reduced to 0.105 (interquartile range 0.039–

0.153) mg/kg/day, which was less than half that admin-

istered at the time of relapse before study entry [20].

Patients in the TAKT trial also reported clinically relevant

improvements in patient-reported outcome measures

with tocilizumab treatment [20]. In addition, imaging

evaluation (CT or MRI performed by the investigating

physician at each study site) suggested a favourable ef-

fect of tocilizumab in the open-label period (85.7% of

patients had improved or stable condition after 96 weeks

compared with baseline) [20]. Although several case

reports have been published on vascular outcomes in

patients with TAK treated with tocilizumab [21, 22],

evaluation of vascular progression in a larger patient

population is needed.

The imaging evaluation conducted in the original

TAKT trial and the long-term extension was performed

by the investigator’s assessment, but additional details

were not collected and evaluated. Therefore, we per-

formed a post hoc analysis of the TAKT trial to investi-

gate whether tocilizumab can inhibit the progression of

vascular lesions in patients with refractory TAK.

Methods

Patients and study design

The TAKT study was a double-blind, placebo-controlled,

multicentre trial conducted in Japan (Japan Pharmaceutical

Information Centre number, JapicCTI-142616). Patients at

least 12 years of age with a diagnosis of TAK [23] were

enrolled in the TAKT trial between 2 October 2014 and

31 August 2015 [19]. Patients had to have experienced a

relapse of TAK within the 12 weeks before enrolment des-

pite having received glucocorticoids (prednisone-equivalent

dosage at least 0.2 mg/kg/day). Relapse was determined

by the investigator and required signs in at least two of

five categories (objective systemic symptoms, subjective

systemic symptoms, elevated inflammation markers, vas-

cular signs and symptoms, ischaemic symptoms), with

TAK confirmed as the cause [19].

Patients who experienced a relapse of TAK were

induced into remission by treatment with glucocorticoids

at a dose at least twice that received at the time of re-

lapse. After remission (defined as published [19]) of at

least 1-week duration was achieved, patients were ran-

domly assigned (1:1) to receive weekly s.c. injections of

tocilizumab 162 mg or placebo in combination with

scheduled glucocorticoid tapering (10% per week from

week 4 to a minimum of 0.1 mg/kg/day). Thirty-six

patients with refractory TAK were enrolled, and the

double-blind period of the trial continued until 19

patients experienced a first relapse of TAK. Patients

who completed the double-blind period were followed

up during open-label treatment with tocilizumab

162 mg/week for at least 96 weeks. Oral glucocorticoid

doses could be tapered during the open-label period at

the investigator’s discretion according to clinical data

and patient symptoms.

All patients gave written informed consent to partici-

pate in the study, which was conducted in accordance

with the declaration of Helsinki and Good Clinical

Practice, and was approved by the Institutional Review

Board of Osaka University Hospital and other appropri-

ate institutional review boards (listed in Supplementary

Data S1, available at Rheumatology online).

Imaging assessments

This post hoc analysis was planned and conducted after

the results of the TAKT trial and the long-term extension

became available. Images included in this analysis were

obtained from patients randomly assigned in the TAKT

trial who had contrast CT images taken at baseline and

at week 48 after tocilizumab initiation. Images at each

timepoint were selected for evaluation according to the

following predefined criteria: for the tocilizumab group,
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images obtained before the first double-blind dose,

48 weeks after the first double-blind dose and every

48 weeks thereafter, and at occurrence of any signs of

relapse in the double-blind or open-label period; for the

placebo group, images obtained before the first double-

blind dose, before the first dose of open-label tocilizu-

mab, 48 weeks after the first double-blind dose and

every 48 weeks thereafter, and at occurrence of any

signs of relapse (excluding relapse that was ongoing

from the double-blind period) during the open-label

period. CT imaging protocols have already been pub-

lished [19].

The selected images were evaluated by three inde-

pendent readers: two first readers (M.Y. and A.H.) and

one second reader (H.H.) (supplementary Table S1,

available at Rheumatology online). If the assessments of

the first readers agreed, the result was used as the final

assessment. If the assessments of the first readers dif-

fered, independent assessment was performed by the

second reader; if the second reader agreed with one of

the first readers, the independent assessment was used

as the final assessment. If all three readers made differ-

ent assessments, the median assessment was used as

the final assessment; for example, if the three results

were improved, stable and progressed, the final assess-

ment was stable. If one of the readers considered the

images unevaluable, an independent assessment was

performed by the second reader. If the second reader

agreed with the other first reader, this assessment was

used as the result. If, however, the second reader con-

sidered the images to be unevaluable or disagreed with

the other first reader, the final result was considered to

be unevaluable.

Twenty-two arteries of interest were assessed in each

CT image—right and left carotid arteries, right and left

vertebral arteries, brachiocephalic artery, right and left

subclavian arteries, right and left axillary arteries,

ascending aorta, aortic arch, descending aorta, abdom-

inal aorta, coeliac artery, superior mesenteric artery,

right and left renal arteries, right and left iliac arteries,

pulmonary trunk, and right and left pulmonary arteries—

based on modified methods [24]. Assessments included

wall thickness, dilatation or aneurysm, stenosis (<50%

and at least 50% to <99%), occlusion and wall en-

hancement (assessed by uptake of contrast dye in con-

trast CT images) (additional details in supplementary

Table S2, available at Rheumatology online).

Endpoints

The primary endpoint in this post hoc analysis was the

change from baseline (defined as before the first dose

of double-blind study medication) in wall thickness at

week 96 (i.e. 96 weeks after the first dose of tocilizumab)

assessed for each artery by central radiological assess-

ment. Secondary endpoints assessed for each artery

and each patient were wall thickness, stenosis/occlu-

sion, dilatation/aneurysm, wall enhancement over time

and change from baseline. Aggregate assessment crite-

ria were used to evaluate each artery or each patient as

improved, stable, partially progressed or newly pro-

gressed (supplementary Table S3, available at

Rheumatology online).

Statistical analysis

Analyses were performed in all patients from the TAKT

study who had available CT images. Partially progressed

and newly progressed endpoints for each artery and all

endpoints for each patient were exploratory analyses

defined after data collection. Assessments were con-

ducted in all patients, even if some arteries were uneva-

luable. If all arteries were unevaluable, the final result for

the patient was assigned as unevaluable. Analysis by ar-

tery involved counting the number of arteries that met

prespecified criteria among the 22 arteries analysed

(supplementary Table S3, available at Rheumatology on-

line). Analysis by patient involved counting the number

of patients who met prespecified criteria. CIs for re-

sponse rates were calculated as descriptive statistics

using the Pearson–Clopper exact method. SAS software

version 9.2 was used for all analyses.

Results

Patients and baseline imaging

Overall, 36 patients were enrolled in the TAKT study. Six

patients were excluded from the current analysis, three

because they were followed up with imaging other than

contrast CT and three because they discontinued tocili-

zumab treatment before week 48. Among 30 patients

who received at least one dose of tocilizumab in the

TAKT study, 28 were evaluated by central radiological

imaging over the 96-week study period (Fig. 1). One pa-

tient withdrew from the study 48 weeks after the first

tocilizumab dose because of a lack of efficacy, and an-

other withdrew 82 weeks after the first tocilizumab dose

based on a personal decision. Baseline demographics

and disease characteristics were comparable among the

30 patients evaluated in this analysis (supplementary

Table S4, available at Rheumatology online) and in the

entire TAKT study population [19, 20].

Among the 22 arteries assessed, there was a mean (S.D.)

involvement of 3.9 (2.6) arteries with increased wall thick-

ness, 0.7 (1.0) with dilatation or aneurysm, 1.1 (1.1) with sten-

osis or occlusion, and 3.4 (2.7) with wall enhancement at

baseline for each patient by artery (Table 1). The proportion

of patients with increased wall thickness at baseline

exceeded 30% in the left and right carotid arteries, brachio-

cephalic artery, left subclavian artery, ascending aorta, aortic

arch and descending aorta (Fig. 2). The left vertebral artery,

right and left axillary arteries, right and left renal arteries, right

and left pulmonary arteries, and pulmonary trunk did not

show any wall thickness at baseline. Almost all patients

(29/30; 96.7%) had more than one lesion of increased wall

thickness in any artery at baseline; 13 (43.3%) had dilatation

or aneurysm, 21 (70.0%) had stenosis or occlusion and 25

(83.3%) had wall enhancement, by patient (supplementary

Table S4, available at Rheumatology online).
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Imaging evaluation by artery after
tocilizumab treatment

The primary endpoint—change from baseline to week 96

in wall thickness assessed per artery—was assessed in

the 28 patients who received tocilizumab; 86.7% of

arteries had improved (2.1%) or stable (84.6%) wall

thickness lesions at week 96 [Table 2; measurement for

stable arteries includes normal and abnormal arteries at

baseline (71.3%þ 13.3%¼84.6%)]. The mean (S.D.)

number of improved arteries at week 96 was 0.5 (0.9),

whereas 18.6 (4.2) were stable, 0.5 (1.0) showed partial

progression and 0.8 (1.5) showed new progression

FIG. 1 Patient disposition

aPatients who had contrast CT images evaluable before and after administration of tocilizumab for �48 weeks.

TCZ: tocilizumab.

TABLE 1 Assessment of arteries at baselinea

Arteries, mean (S.D.) (%) Normal Arterial lesions Unevaluable

Wall thickness 16.8 (4.2) (76.2) 3.9 (2.6) (17.9) 1.3 (4.0) (5.9)
Dilatation/aneurysm 20.8 (1.3) (94.5) 0.7 (1.0) (3.0) 0.5 (0.8) (2.4)
Stenosis/occlusion 19.7 (3.9) (89.5) 1.1 (1.1) (5.0) 1.2 (4.0) (5.5)

Wall enhancement 16.7 (4.2) (76.1) 3.4 (2.7) (15.3) 1.9 (4.1) (8.6)

Data are shown for all patients with central radiological assessment (N¼30). aPercentages are based on 22 arteries
assessed in each patient.

FIG. 2 Assessment of arteries at baseline
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f1.6 (4.1) were unevaluable; measurement for stable

arteries includes normal and abnormal arteries at base-

line [15.7 (4.2)þ2.9 (2.5)¼ 18.6 (4.2)]g.

Imaging evaluation by patient after
tocilizumab treatment

Secondary endpoints—changes from baseline in wall

thickness, stenosis/occlusion, and dilatation/aneurysm

lesions at week 96—were assessed for each of the 28

patients who received tocilizumab. Improved (n¼ 8;

28.6%) or stable (n¼8; 28.6%) wall thickness lesions

were observed in 57.1% of patients, partial progression

in 10.7% (n¼3) and new progression in 28.6% (n¼8)

(Fig. 3A).

Among six of eight patients with newly progressed

lesions, the median glucocorticoid dosage at week 96

(0.140 mg/kg/day; interquartile range 0.131–0.217) was

less than the dosage of >0.2 mg/kg/day received at re-

lapse before study entry (Fig. 4). No patients with newly

progressed lesions achieved a dosage of <0.1 mg/kg/

day, whereas 50% of patients with improved or stable

lesions achieved a dosage of <0.1 mg/kg/day. The rate

of relapse from TAK in the eight patients with newly pro-

gressed lesions was 75.0% (n¼6), which was slightly

higher than the rate among patients who had improved

(50.0%) and stable (50.0%) lesions. Three of these eight

patients with newly progressed lesions withdrew from

tocilizumab treatment during the study period because

of adverse events [two infections (furuncle and pneumo-

nia caused by Haemophilus parainfluenza), one pulmon-

ary infarction] [20], and three patients experienced

relapse of TAK after tocilizumab treatment was

interrupted.

Patients who had arteries with improved or newly pro-

gressed wall thickness tended to be younger and to have

shorter durations of disease than patients who had stable

or partially progressed wall thickness (supplementary Table

S5, available at Rheumatology online).

Three patients (10.7%) had partially progressed wall

thickness; one had a long placebo treatment period

(56 weeks), two experienced partial progression in one

artery and one experienced partial progression in two

arteries. Glucocorticoid dosages were <0.1 mg/kg/day

at week 96 in all three patients, and only one of them

experienced relapse of TAK during mandatory gluco-

corticoid tapering in the double-blind period (Fig. 4).

Stable dilatation/aneurysm was observed in 92.9% of

patients; no patients had improved dilatation/aneurysm,

and 7.1% of patients had partial lesions (n¼ 1; 3.6%) or

newly progressed lesions (n¼1; 3.6%) of dilatation/aneur-

ysm (Fig. 3A; supplementary Fig. S1A, available at

Rheumatology online). Improved or stable stenosis/occlu-

sion was observed in 24 patients (85.7%) [21 (75.0%) sta-

ble and three (10.7%) improved], and new progression of

lesions of stenosis/occlusion was observed in three

patients (10.7%) (Fig. 3A; supplementary Fig. S1B, avail-

able at Rheumatology online). Seventy-five percent of

patients had stable wall enhancement, 3.6% had improved

wall enhancement and 17.9% had newly progressed wall

enhancement (Fig. 3A; supplementary Fig. S1C, available

at Rheumatology online). All patients with newly progressed

lesions of dilatation/aneurysm, stenosis/occlusion and wall

enhancement also had newly progressed wall thickness

(Fig. 3B).

Assessment of change from baseline in the condition

of arteries assessed per patient at week 48, at the time

of relapse and at week 96 showed that among all

patients in the analysis, the proportion who had arteries

with improved wall thickness was numerically higher at

week 96 (8/28; 28.6%) than at week 48 (4/30; 13.3%).

No patients had improved dilatation/aneurysm at

week 48 or 96; five patients had improved stenosis/oc-

clusion, two at week 48 and three at week 96; and one

TABLE 2 Assessment of arteries at week 96 in patients who received tocilizumaba

Arteries,
mean (S.D.)
(%) Improved Stable

Partially
progressed

Newly
progressed Unevaluable

Baseline condition Abnormal Total Abnormal Normal Abnormal Normal NA

Wall thickness 0.5 (0.9)

(2.1)

18.6 (4.2)

(84.6)

2.9 (2.6)

(13.3)

15.7 (4.3)

(71.3)

0.5 (1.0)

(2.4)

0.8 (1.5)

(3.6)

1.6 (4.1)

(7.3)
Dilatation/aneurysm 0.0

0
21.2 (1.0)

(96.3)
0.6 (1.0)

(2.9)
20.5 (1.4)

(93.3)
0.1 (0.3)

(0.3)
0.1 (0.6)

(0.5)
0.6 (0.8)

(2.9)

Stenosis/occlusion 0.1 (0.4)
(0.6)

20.3 (4.1)
(92.2)

1.0 (1.0)
(4.4)

19.3 (4.0)
(87.8)

0.0
(0.0)

0.2 (0.8)
(1.0)

1.4 (4.1)
(6.2)

Wall enhancement 0.0 (0.2)
(0.2)

19.0 (4.4)
(86.5)

3.4 (2.8)
(15.3)

15.7 (4.1)
(71.3)

0.0
(0.0)

0.6 (1.3)
(2.6)

2.4 (4.3)
(10.7)

Data are shown for all patients with central radiological assessment who received at least one dose of tocilizumab
(N¼28). aPercentages are based on 22 arteries assessed in each patient. Imaging data were evaluated at 96 weeks (day

673; range, days 505–841). If multiple scans were available during the time window, the scan conducted closest to the
scheduled date was used. NA, not applicable.
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patient had improved wall enhancement at weeks 48

and 96 (supplementary Table S6, available at

Rheumatology online).

Among 10 patients who experienced relapse during

the study and had imaging results of relapse that

occurred during 96 weeks of tocilizumab treatment, one

(10.0%) had partially progressed wall thickness and four

(40.0%) had newly progressed wall thickness compared

with baseline (supplementary Table S7, available at

Rheumatology online).

Agreement between readers

Agreement between the first readers in assessment of

the change from baseline results was good, with an

observed agreement rate of 0.79 (95% CI 0.77, 0.81)

and a Cohen’s kappa coefficient of 0.31 (95% CI 0.26,

0.36) for wall thickness, 0.97 (95% CI 0.96, 0.98) and

0.50 (95% CI 0.38, 0.61), respectively, for dilatation or

aneurysm, 0.92 (95% Cl: 0.91, 0.94) and 0.31 (95% CI

0.23, 0.40), respectively, for stenosis or occlusion, and

0.86 (95% CI 0.84, 0.87) and 0.24 (95% CI 0.18, 0.30),

respectively, for wall enhancement (supplementary Table

S8, available at Rheumatology online).

Discussion

Assessment of disease activity in TAK is complex and

challenging; therefore, vascular imaging at regular inter-

vals is essential to detect improvement in or progression

of vascular lesions in patients with TAK [25]. This study

provides the first in-depth analysis of vascular imaging

evaluation in patients with TAK who received long-term

FIG. 3 Assessment of imaging evaluation by patient after tocilizumab treatment for 96 weeks (N¼28)

(A) Change from baseline in the condition of arteries in patients treated with tocilizumab for 96 weeks. (B) Outcomes

for wall thickness, dilatation/aneurysm, stenosis/occlusion, and wall enhancement after 96 weeks of tocilizumab treat-

ment. aPatients who experienced relapse of Takayasu arteritis during 96 weeks of tocilizumab treatment: Y: yes;

N: no. Imaging data were evaluated at 96 weeks (day 673; range, days 505–841). If multiple scans were available

during the time window, the scan conducted closest to the scheduled date was used.
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treatment with tocilizumab in a clinical trial. In this ana-

lysis, imaging evaluation was assessed by up to three

independent readers who were not involved in the ori-

ginal TAKT study. Twenty-two arteries were comprehen-

sively evaluated for lesions of wall thickness, dilatation/

aneurysm, stenosis/occlusion, and wall enhancement

according to modified methods [24]. These evaluations

provided a robust and balanced assessment of the ef-

fect of tocilizumab on TAK vascular lesions for

�96 weeks of treatment.

The results of this study show inhibition of progression

of vascular lesions in the arteries of patients with TAK

who were able to continue tocilizumab treatment for

96 weeks. Among patients who received tocilizumab in

the TAKT trial, a mean of 0.5 arteries were improved

and 18.6 were stable compared with baseline for the pri-

mary endpoint of wall thickness. Compared with base-

line, 57.1% of patients had improved or stable wall

thickness, 92.9% had stable dilatation/aneurysm, 85.7%

had improved or stable stenosis/occlusion, and 75.0%

had stable wall enhancement. These results suggest

that tocilizumab treatment was effective in inhibiting vas-

cular lesion progression in these patients.

Partial progression of wall thickness was observed in

three patients (10.7%) in the current analysis; however,

TAK-mediated inflammation appeared to be controlled

in these patients because two experienced partial pro-

gression in only one artery, the other experienced partial

progression in two arteries and all three were receiving

glucocorticoid dosages of <0.1 mg/kg/day at week 96.

Furthermore, one patient had a 56-week placebo treat-

ment period and therefore experienced partial progres-

sion in wall thickness before receiving tocilizumab. It

remains to be determined whether additional treatment

is needed for patients who experience progression only

in wall thickness.

Newly progressed wall thickness was observed in

eight patients (28.6%), suggesting that some had inad-

equate response to tocilizumab treatment. Patients with

newly progressed lesions in wall thickness were able to

decrease their glucocorticoid dosage compared with the

dosage received at the time of relapse before study

entry, but not to <0.1 mg/kg/day. In addition, six of

these patients experienced relapse during tocilizumab

treatment in the study, suggesting that they might have

had more refractory TAK. Reports from a retrospective

analysis of patients with TAK treated with prednisone

and MTX showed that 75% of patients developed new

vascular lesions [26], which is higher than the rate

observed in our study. Overall, in our study, 10.7% of

patients had partial or newly progressed stenosis/occlu-

sion and 7.1% had partial or newly progressed dilata-

tion/aneurysm. Furthermore, the patients who had newly

progressed dilatation/aneurysm, stenosis/occlusion and

wall enhancement also had newly progressed wall thick-

ness. Additional treatment should be considered for

FIG. 4 Change from baseline to week 96 in wall thickness and glucocorticoid doses (N¼ 28)

aOne patient was unevaluable for wall thickness. bPrednisone equivalent. Data are shown for all patients with central

radiological assessment who received at least one dose of tocilizumab. Light grey spaces in the grid indicate no abnormal

arteries were detected either at baseline or at week 96, and the patient’s condition was evaluated as stable. Imaging data

were evaluated at 96 weeks (day 673; range, days 505–841). If multiple scans were available during the time window, the

scan conducted closest to the scheduled date was used. Y: yes; N: no; GC: glucocorticoid; TAK: Takayasu arteritis.
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patients who experience progression of dilatation/aneur-

ysm, and stenosis/occlusion, because this type of vas-

cular damage is irreversible and progression of aneurysm

would necessitate surgery. Newly progressed wall thick-

ness is likely a result of refractory TAK; patients who ex-

perience this should be monitored regularly by imaging

assessment and should receive an increase in glucocortic-

oid dose or additional immunosuppressive treatment or

they should consider switching to TNF inhibitors to avoid

vascular progression.

Previous work suggests that wall enhancement (imaged

by MRI) may not be a reliable index of arteries [27].

However, five of the eight patients in our study who had

new progression of wall thickness also demonstrated new

progression of wall enhancement, suggesting that evalu-

ation of wall thickness and wall enhancement is important

in assessing vascular abnormalities in TAK.

Although the results presented here were based on a

small number of patients, younger age and shorter dis-

ease duration were observed in patients with improved

or newly progressed wall thickness than in those who

had stable lesions or partial progression, suggesting

that these patients should be monitored carefully by

vascular imaging during tocilizumab treatment.

During tocilizumab treatment, TAK relapse compared

with baseline was indicated by the observation of newly

progressed wall thickness in four of 10 patients (40.0%).

Patients whose imaging evaluation shows progression of

wall thickness after TAK relapse should undergo imaging

tests to monitor for vascular lesions.

Higher proportions of patients in this study had

improved wall thickness at week 96 than at week 48,

which reflects the slow nature of the disease and sug-

gests that long-term tocilizumab treatment might be

required to improve artery wall thickness in patients with

refractory TAK. Long-term tocilizumab treatment might

also allow patients to reduce their glucocorticoid dose

given that 46.4% of patients tapered their dosage to

<0.1 mg/kg/day by week 96 of the TAKT study [20].

Study limitations

This study was a post hoc analysis of data from a pub-

lished trial [19, 20]; however, the analysis was con-

ducted using readers who were not involved in the

original analysis and therefore provided an in-depth and

independent analysis of the CT scans obtained during

the trial. Patients who were randomly assigned to re-

ceive placebo in the double-blind period did not have

their changes assessed from the first dose of open-label

tocilizumab but rather from the time of randomization to

the placebo arm [20]. Therefore, the results of this study

did not take into account the effects of the double-blind

period in the placebo group. The follow-up period of the

TAKT study was limited to 96 weeks, and data collected

at randomization were used as the baseline from which

changes in outcomes were assessed. Hence, longer

follow-up and real-world data might be required to

evaluate vascular imaging in patients with TAK treated

with tocilizumab over a longer time period [22].

Conclusions

Approximately 60% of patients with refractory TAK

treated with tocilizumab did not experience progression

of wall thickness. Few patients experienced progressed

dilatation/aneurysm, or stenosis/occlusion. The observa-

tion of progressed wall thickness is likely a result of re-

fractory TAK, and patients who experience this should

be monitored regularly by imaging assessment; further-

more, an increased glucocorticoid dose or additional im-

munosuppressive treatment should be considered to

avoid vascular progression.
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