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Abstract 

Background: Subcutaneous tocilizumab (TCZ SC) is approved globally for giant cell arteritis (GCA). This phase Ib 
study investigated the pharmacokinetics, pharmacodynamics, safety, and exploratory efficacy of intravenous (IV) TCZ 
6 and 7 mg/kg in patients with GCA. This study explored an IV dose resulting in a minimum exposure level within the 
range of effective trough concentrations achieved with TCZ SC dosing in GCA and not exceeding the exposure of the 
well-tolerated 8 mg/kg IV every 4 weeks (Q4W) in rheumatoid arthritis (RA).

Methods: Patients with GCA who had received ≥ 5 doses of TCZ IV 8 mg/kg Q4W and achieved remission were 
enrolled. Patients received 5 doses of TCZ IV 7 mg/kg Q4W in period 1 and, if still in remission, 5 doses of 6 mg/kg 
Q4W in period 2. Pharmacokinetic endpoints were maximum concentration (Cmax), minimum concentration (Ctrough), 
area under the curve over a dosing interval (AUC τ), and mean concentration (Cmean) of TCZ after the last dose of each 
period. Other endpoints included pharmacodynamic markers, safety, and exploratory efficacy.

Results: In 24 patients, the median (range) age was 65.5 (57–90) years, and 62.5% were female. TCZ exposures (Cmax 
and AUC τ) were 11.2% and 20.0% lower at the 6- than 7-mg/kg dose. The mean interleukin 6 (IL-6) serum concentra-
tions were elevated at baseline and remained elevated, with slightly higher concentrations in period 1 than in period 
2. The mean serum soluble IL-6 receptor concentrations were elevated at baseline and comparable between the 2 
doses at steady state. C-reactive protein levels and most erythrocyte sedimentation rates were within normal ranges 
throughout the study. Overall, 22 patients (91.7%) had ≥ 1 adverse event, and 4 (16.7%) had a serious adverse event. 
No patients experienced a GCA flare, and all remained in remission throughout the study.

Conclusions: Both doses of TCZ IV Q4W were generally well tolerated in patients with GCA. The Cmax and Cmean 
achieved with 6 mg/kg IV Q4W in patients with GCA were similar to those in patients with RA treated with 8 mg/kg IV 
Q4W, and Ctrough was within the range observed in patients with GCA treated with SC dosing every week or every 2 
weeks.

Trial registration: Clini calTr ials. gov, NCT03923738
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Background
Giant cell arteritis (GCA), an immune-mediated vas-
culitis characterized by granulomatous inflammation 
affecting the medium and large arteries [1], is the most 
common primary systemic vasculitis and typically affects 
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patients of Northern European ancestry ≥ 50 years of age 
[2–4]. Clinical manifestations include vision loss, head-
ache, scalp tenderness, and jaw claudication. Noncra-
nial symptoms, such as polymyalgia rheumatica (PMR) 
and limb claudication, may also occur [5]. When left 
untreated, GCA is associated with significant morbid-
ity and severe complications, including blindness, aortic 
aneurysm, and stroke [6].

Glucocorticoids had been the mainstay of treatment 
for GCA until recently [7], and although they are highly 
effective at inducing remission and preventing acute 
damage (e.g., blindness), not all patients respond ade-
quately to glucocorticoids alone [8–10], and up to 85% of 
patients experience an adverse event (AE) associated with 
their use [11, 12]. Moreover, tapering or discontinuation 
of glucocorticoids can lead to relapse of GCA symptoms 
[13–15]. Of the adjunctive treatments evaluated, there 
is limited evidence for glucocorticoid-sparing effects of 
methotrexate in part due to the heterogeneity of results 
between studies [16]. Tocilizumab (TCZ) has shown sig-
nificant glucocorticoid-sparing effects in patients with 
GCA [10, 15, 17]. TCZ is a monoclonal antibody directed 
against the interleukin 6 (IL-6) receptor that inhibits 
signaling by the pro-inflammatory cytokine IL-6. A phase 
II investigator-initiated trial showed the efficacy of intra-
venous TCZ (TCZ IV) in the induction and maintenance 
of remission in patients with GCA [10]. Subsequently, a 
larger phase III study demonstrated the safety and effi-
cacy of subcutaneous TCZ (TCZ SC) for the treatment 
of GCA [9], which led to the approval of TCZ SC globally 
for the treatment of GCA and its inclusion in multiple 
treatment recommendations [6, 18, 19].

Despite the benefit of TCZ related to sustained remis-
sion and glucocorticoid sparing in patients with GCA 
[17], TCZ SC is not accessible for some patients in the 
USA due to a gap in Medicare Part D prescription drug 
coverage. Furthermore, some patients, particularly older 
patients, have difficulty self-administering SC injections 
and/or adhering to a regimen of SC injections. Together, 

these considerations indicate an unmet medical need for 
alternate routes of TCZ administration in GCA; TCZ IV 
would provide a valuable treatment option by addressing 
both the access issue and the self-administration and/or 
adherence challenges some patients experience with SC 
treatment.

A positive benefit-risk profile of TCZ IV 8 mg/kg every 
4 weeks (Q4W) in GCA was shown in the phase II, 
investigator-initiated, randomized controlled trial of 30 
patients [10]. However, pharmacokinetic (PK) data were 
limited, and although the minimum (trough) concentra-
tions (Ctrough) were within the therapeutic range estab-
lished in the randomized trial of TCZ SC 162 mg every 
week (QW) or every 2 weeks (Q2W) [9], model-based 
predictions showed that average exposures (maximum 
concentration [Cmax] and area under the curve over a 
dosing interval [AUC τ]) at steady state were higher than 
those observed in the rheumatoid arthritis (RA) popula-
tion treated with TCZ IV 8 mg/kg Q4W (data on file).

This phase Ib, open-label, dose-ranging study evaluated 
the PK, pharmacodynamics (PD), safety, and explora-
tory efficacy of TCZ 6 and 7 mg/kg administered by IV 
infusion Q4W in patients with GCA. The purpose was 
to identify the optimal TCZ IV dosing regimen in GCA, 
that is, a dosing regimen providing a minimum exposure 
level within the range of effective trough concentrations 
achieved with TCZ SC dosing in GCA and a maximum 
exposure not exceeding that of the well-tolerated 8-mg/
kg IV Q4W dose in RA.

Methods
Study design
This phase Ib, open-label, dose-ranging study 
(NCT03923738) was divided into 2 periods (Fig.  1). 
In period 1, patients with GCA in remission received 
5 consecutive doses of TCZ IV 7 mg/kg Q4W. Patients 
who were still in remission at the end of period 1 entered 
period 2 and received 5 consecutive doses of TCZ IV  
6 mg/kg Q4W. A sixth dose could have been given in 

Fig. 1 Study design. IV, intravenous; PD, pharmacodynamics; PI, principal investigator; PK, pharmacokinetics; Q4W, every 4 weeks; TCZ, tocilizumab
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either period to accommodate patient availability for the 
intensive PK sampling during the last dosing cycle. Glu-
cocorticoid use during the study was at the investigator’s 
discretion. The study was conducted in accordance with 
the International Council for Harmonisation E6 Guide-
line for Good Clinical Practice and the Declaration of 
Helsinki or Swiss regulations, whichever afforded greater 
patient protection. The protocol was approved by the 
ethics committee of the participating institution (Ethik-
kommission Nordwest- und Zentralschweiz, Basel, and 
Kantonale Ethikkommission Bern KEK, Bern).

Patients
Patients with GCA who had received ≥ 5 consecutive 
doses of TCZ IV 8 mg/kg Q4W (off label) in clinical prac-
tice and had achieved remission (defined as the absence 
of flare and normalization of C-reactive protein [CRP] 
level [< 10 mg/L]) at the time of enrollment were enrolled 
in the study. Diagnosis of GCA was based on the follow-
ing criteria: 1) age ≥ 50 years; 2) history of erythrocyte 
sedimentation rate (ESR) ≥ 50 mm/h or CRP level ≥ 
24.5 mg/L if ESR was unavailable; 3) either unequivocal 
cranial symptoms of GCA (new-onset localized head-
ache, scalp tenderness, temporal artery tenderness or 
decreased pulsation, ischemia-related vision loss, or oth-
erwise unexplained mouth or jaw pain upon mastication) 
or symptoms of PMR (defined as shoulder and/or hip gir-
dle pain associated with inflammatory morning stiffness); 
and 4) either temporal artery biopsy revealing features of 
GCA or evidence of large vessel vasculitis by angiography 
or cross-sectional imaging study such as magnetic reso-
nance angiography, computed tomography angiography, 
or positron emission tomography-computed tomogra-
phy. All patients gave written informed consent before 
participation in any study procedures.

Safety and tolerability
Safety and tolerability were assessed by monitoring vital 
signs, clinical laboratory tests, and AEs. Patients were 
questioned about any AEs that they experienced, and 
events were also reported by patients spontaneously. The 
severity of AEs was determined according to the National 
Cancer Institute Common Terminology Criteria for 
Adverse Events, version 5.0 (NCI CTCAE v5.0). Cumula-
tive incidence of AEs and person-year event rates (num-
ber of events divided by the sum of person-years of study 
duration) were computed, together with 95% confidence 
intervals based on the Poisson distribution of the event 
rate. Because patients had previously received TCZ, only 
event-driven immunogenicity assessments were per-
formed in case of hypersensitivity reaction.

Efficacy
Exploratory efficacy was assessed by the proportion of 
patients who experienced a flare, defined as the recur-
rence of signs or symptoms of GCA and/or ESR ≥ 30 
mm/h attributable to GCA as determined by the investi-
gator, and the proportion of patients in remission.

Sample collection and analysis
Blood samples for the measurement of TCZ serum con-
centrations were collected before dosing and at the end 
of infusion on weeks 1, 8, 12, and 16 in both periods. 
Blood samples were also collected 1, 2, 3, and 4 weeks 
after the last dose in each period to estimate steady-state 
AUC. Blood samples for measurement of serum concen-
trations of IL-6 and soluble IL-6 receptor (sIL-6R) were 
collected at predose on weeks 1, 12, 16, and 20 of each 
period. Blood samples for measurement of CRP and ESR 
were collected on weeks 1, 4, 8, 12, 16, 17, 18, 19, and 20 
of each period. Serum samples were analyzed for TCZ 
using a validated sandwich enzyme-linked immunoassay 
(ELISA). The lower limit of quantification was 100 ng/mL 
in the serum. The assay precision, as determined from 
the analysis control samples, was ≤ 8.7%. The accuracy 
ranged from 104.8 to 108.3%. IL-6 was quantified using 
2 validated ELISA methods with different sensitivities. 
Calibration ranges were 3.12 to 300 pg/mL (low-sensitiv-
ity assay [LSA]) and 0.15 to 10.0 pg/mL (high-sensitivity 
assay [HSA]). The precision ranged from 6.3 to 14.6% 
(LSA) and from 0.8 to 5.1% (HSA), and the mean accu-
racy ranged from 93.4 to 100.1% (LSA) and from 91.0 
to 94.3% (HSA). sIL-6R was quantified using a validated 
bridging ELISA method. The calibration range was 12.5 
to 800 ng/mL. The coefficients of variation of quality 
control samples ranged from 5.9 to 7.2%, and the mean 
accuracy ranged from 86.9 to 96.1%. The serum samples 
were analyzed for TCZ, IL-6, and sIL-6R concentrations 
by QPS (QPS Netherlands B.V., Groningen, the Nether-
lands). Serum CRP was determined by the Roche Diag-
nostics Elecsys CRP assay. ESR was measured using the 
Westergren method by study coordinators and/or study 
nurses at the sites.

Pharmacokinetics
The following TCZ PK parameters at steady state were 
calculated using noncompartmental methods (Phoenix® 
WinNonlin® 8.2, Pharsight Corporation, Certara USA, 
Princeton, NJ): Cmax, time to Cmax (Tmax), Ctrough, AUC τ 
over a dosing interval (τ), mean concentration (Cmean) cal-
culated as AUC τ/τ, and half-life (T1/2) of TCZ after the last 
dose of each period.
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Statistical methods
All PK and PD parameters were subjected to descriptive 
analyses, including arithmetic mean and standard devia-
tion (SD) or range. Statistical analyses were performed 
using SAS, version 9.4 (SAS Institute, Cary, NC).

Based on the known PK variability of TCZ, a sam-
ple size of 17 patients was predicted to provide > 80% 
power to characterize the geometric mean estimate of 
the observed Ctrough and Cmax so that the 95% confidence 
interval would fall within 80 to 125% of the geomet-
ric mean estimate of the corresponding PK parameter. 
Approximately 25 patients were to be enrolled to account 
for potential study dropouts.

Results
Patient disposition and baseline characteristics
Between August 2019 and February 2020, 24 patients 
were enrolled (Fig. 2). All patients had a history of ESR ≥ 
50 mm/h and/or CRP ≥ 24.5 mg/L at the time of GCA 
diagnosis (Table 1). Of the 24 patients enrolled, 15 (62.5%) 
were female and 9 (37.5%) were male, and all patients 
except one were White (Table  2). At baseline (day 1 of 
period 1), the median (range) age of patients was 65.5 
(57–90) years. All 24 patients had received ≥ 5 consecu-
tive doses of TCZ IV 8 mg/kg Q4W and were in clinical 
remission at baseline, with ESRs < 30 mm/h and CRP lev-
els < 10 mg/L. The median (range) duration of GCA was 

Fig. 2 Patient disposition. AE, adverse event; GCA, giant cell arteritis

Table 1 Giant cell arteritis disease characteristics at the time of diagnosis

CRP C-reactive protein, ESR Erythrocyte sedimentation rate, PMR Polymyalgia rheumatica

n (%) All patients, N = 24

History of ESR ≥ 50 mm/h 17 (70.8)

History of CRP ≥ 24.5 mg/L 21 (87.5)

Localized headache 16 (66.7)

Scalp tenderness 6 (25.0)

Temporal artery tenderness 7 (29.2)

Temporal artery decreased pulsation 2 (8.3)

Ischemia-related vision loss 2 (8.3)

Otherwise unexplained mouth or jaw pain upon mastication 8 (33.3)

PMR symptoms 15 (62.5)

Temporal artery biopsy performed 15 (62.5)

Positive temporal artery biopsy results 13 (54.2)

Angiography or cross-sectional imaging performed 20 (83.3)

 Magnetic resonance angiography 13 (65.0)

 Positron emission tomography-computed tomography 6 (30.0)

 Ultrasound 1 (5.0)

Large vessel vasculitis 18 (75.0)
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2.4 (0.8–13.2) years, and 7 patients (29.2%) reported glu-
cocorticoid use (prednisone or prednisolone) for GCA, all 
of which were received orally and at doses of ≤ 5 mg per 
day.

In period 1, 24 patients received TCZ IV 7 mg/kg Q4W, 
with a median treatment duration of 20.0 weeks and 
a median (range) of 5 (1-6)  doses; 3 patients received a 
sixth dose. Two patients discontinued in period 1 (1 due 
to an AE and 1 due to a patient decision). In period 2, 22 
patients received TCZ IV 6 mg/kg Q4W, with a median 
treatment duration of 20.0 weeks. All patients received 5 
doses of 6 mg/kg, and no patients discontinued. The total 
patient-years of exposure to TCZ was 9.02 years in period 
1 and 8.48 years in period 2.

Pharmacokinetics
All 24 patients enrolled were included in the PK analysis, 
but only 22 provided steady-state PK parameters in both 
periods. During period 1, two samples at the end of the 
infusion of TCZ were collected from the same arm used 
for TCZ administration; these data were excluded from 
the descriptive summary statistics. The mean PK pro-
file following TCZ IV 7 mg/kg Q4W in period 1 was of 
a similar shape to the mean PK profile following TCZ IV 
6 mg/kg Q4W in period 2, with a slightly lower exposure 
at the 6-mg/kg dose level (Fig. 3). Following IV dosing of 
7 and 6 mg/kg Q4W in patients with GCA, the observed 
median TCZ Cmax was 197 and 178 μg/mL, respectively, 

Table 2 Baselinea demographics and disease characteristics

BMI Body mass index, CRP C-reactive protein, ESR Erythrocyte sedimentation 
rate, GCA  Giant cell arteritis
a Baseline is day 1 of period 1
b Self-reported

All patients, N = 24

Sex, n (%)

 Female 15 (62.5)

 Male 9 (37.5)

Age, median (range), years 65.5 (57–90)

Age group, n (%), years

 < 65 11 (45.8)

 ≥ 65 13 (54.2)

Race, n (%)b

 Asian 1 (4.2)

 White 23 (95.8)

Weight, median (range), kg 69.5 (45–113)

BMI, median (range), kg/m2 25.3 (17.4–36.5)

Smoking history, n (%)

 Never 12 (50.0)

 Current 4 (16.7)

 Former 8 (33.3)

ESR, median (range), mm/h 4.0 (0–25)

CRP, median (range), mg/L 0.20 (0.20–5.81)

Duration of GCA, median (range), years 2.4 (0.8–13.2)

Glucocorticoid use for GCA, n (%) 7 (29.2)

Fig. 3 Arithmetic mean (SD) serum concentration of TCZ vs time profiles following TCZ IV 7 mg/kg Q4W in period 1 and TCZ IV 6 mg/kg Q4W in 
period 2, linear scale. Three patients received a sixth dose at week 20 in period 1. To align their end-of-period profile with those of the other patients, 
their week 16 data have been excluded from this plot. Only samples at predose and end of infusion were collected after the first, third, and fourth 
doses in each period. IV, intravenous; Q4W, every 4 weeks; SD, standard deviation; TCZ, tocilizumab
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and the median AUC τ was 2130 and 1610 day•μg/mL at 
steady state (Table 3). Compared with the 7-mg/kg dose, 
TCZ exposures (Cmax and AUC τ) were on average 11.2% 
and 20.0% lower with the 6-mg/kg dose. The median 
TCZ Cmean at steady state was 76.0 for the 7-mg/kg dose 
and 57.5 μg/mL for the 6-mg/kg dose, and the observed 
median Ctrough levels were 37.2 and 22.7 μg/mL for the 7- 
and 6-mg/kg doses, respectively.

Pharmacodynamics
The mean IL-6 serum concentrations were elevated at 
baseline as expected due to recent TCZ treatment, with 
numerically higher concentrations in period 1 (mean 
[SD], 57.80 [61.15] pg/mL) than in period 2 (mean [SD], 
39.46 [25.99] pg/mL) (Fig. 4A). The IL-6 serum concen-
trations remained almost stable throughout the study 
following TCZ IV 7 mg/kg Q4W in period 1 and TCZ 
IV 6 mg/kg Q4W in period 2 except at week 16 for the 
7-mg/kg dose level, which was driven by the elevated 
IL-6 serum concentration of 1 patient; the cause of the 
elevation was not identified. The mean sIL-6R con-
centrations were elevated at baseline as expected due 
to recent TCZ treatment (mean [SD], 665.8 [153.81] 
ng/mL and 671.3 [152.69] ng/mL for 7 and 6 mg/kg, 
respectively) and comparable between the 2 doses at 
steady state (Fig.  4B). CRP levels and most ESRs were 
within normal ranges at baseline, as expected for 

patients in remission, and remained normalized (or 
controlled) throughout the study (Fig. 4C, D).

Safety
Overall, 22 patients (91.7%) had ≥ 1 AE (19 patients 
[79.2%] in period 1 [7 mg/kg] and 9 [40.9%] in period 2 
[6 mg/kg]; Table 4). Infections and infestations were the 
most frequently reported AE by System Organ Class 
(13 patients [54.2%] in period 1 and 6 [27.3%] in period 
2). Two patients (8.3%) experienced a grade ≥ 3 AE. 
The overall rate of AEs in periods 1 and 2 were 388.0 
events per 100 person-years (95% CI, 270.3 to 539.7) 
and 188.7 events per 100 person-years (95% CI, 107.8 to 
306.4), respectively. The majority of AEs (70.8%) were 
not TCZ-related. One patient in period 1 experienced 
an AE (nonserious grade 3 AE of postoperative throm-
bocytopenia) that led to the withdrawal of treatment 
but was considered unrelated to study treatment. Over-
all, 4 patients (16.7%) reported a serious adverse event 
(SAE; pneumococcal pneumonia, aortic aneurysm rup-
ture, and lower gastrointestinal hemorrhage [no diver-
ticulitis observed; event assessed by the investigator as 
related to anticoagulation medication] in period 1 and 
positional vertigo in period 2). Only the pneumococ-
cal pneumonia event in a patient not receiving con-
comitant glucocorticoids was considered TCZ-related 
by the investigator. Three of the SAEs (pneumococcal 
pneumonia, aortic aneurysm rupture, and lower gastro-
intestinal hemorrhage) led to treatment interruption; 
1 patient (aortic aneurysm rupture) ultimately with-
drew in period 1 due to previously noted postoperative 
thrombocytopenia, and 2 patients continued and com-
pleted the study after treatment delay at week 4. There 
were no deaths during the study.

Hematology, hepatic, and lipid laboratory abnormali-
ties observed during the study were consistent with the 
known TCZ safety profile. All low absolute neutrophil 
count abnormalities were either grade 1 or 2. All plate-
let count decreases were grade 1 except for 1 patient 
with grade 3 postoperative thrombocytopenia, which 
was reported as unrelated to the study treatment by the 
investigator. No grade ≥ 2 high alanine aminotrans-
ferase, aspartate aminotransferase, or total bilirubin 
abnormalities were reported during the study, and no 
Hy’s law cases were reported.

Exploratory efficacy
No patients experienced a GCA flare or any signs or 
symptoms of GCA, and all patients remained in remis-
sion throughout the study.

Table 3 Steady-state PK parameters of TCZ IV 7 and 6 mg/kg 
Q4W

AUC τ Area under the curve over a dosing interval (τ), Cmax Maximum 
concentration, Cmean Mean concentration (AUC τ/τ), Ctrough Minimum (trough) 
concentration, IV Intravenous, PK Pharmacokinetics, Q4W Every 4 weeks, T1/2 
Half-life, TCZ Tocilizumab, Tmax Time to Cmax
a n = 21 for Cmax
b T1/2 of TCZ is concentration-dependent; extrapolation from noncompartmental 
analysis should be made with caution

PK parameters, mean, 
median (range)

7 mg/kg IV (period 1), 
n =  22a

6 mg/kg IV 
(period 2), n 
= 22

Cmax, μg/mL 205 182

197 (118–352) 178 (115–320)

AUC τ, day•μg/mL 2150 1720

2130 (1120–4300) 1610 (921–3070)

Cmean, μg/mL 76.9 61.5

76.0 (40.1–154) 57.5 (32.9–110)

Ctrough, μg/mL 35.3 22.7

37.2 (6.59–69.0) 22.7 (3.38–54.5)

Tmax, days 0.38 0.05

0.05 (0.04–6.97) 0.05 (0.04–0.06)

T1/2,  daysb 19.0 12.1

14.8 (5.86–120.0) 13.2 (4.69–21.9)
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Discussion
In this phase Ib study of patients with GCA who were 
in remission after receiving TCZ IV 8 mg/kg Q4W for 
≥ 5 consecutive doses and subsequently received 2 dose 
levels of TCZ IV, the mean PK profile following TCZ 
IV 7 mg/kg Q4W in period 1 was of a similar shape to 
the mean PK profile following TCZ IV 6 mg/kg Q4W in 
period 2, with a lower exposure at the 6-mg/kg dose level. 
These study results support a dose of TCZ IV 6 mg/kg 
Q4W to maintain remission in patients with GCA.

The minimum exposure levels (Ctrough) of the 7- and 
6-mg/kg IV dose were within the range of effective 
trough concentrations achieved with 162 mg SC QW 
and Q2W in patients with GCA (median [range], 67.2 
[10.7–145] and 7.7 [0.1–37.3], respectively) [9]. The 
maximum exposure results of the TCZ IV 6-mg/kg Q4W 
dose were similar to the safe and well-tolerated exposure 
seen with 8 mg/kg IV Q4W in patients with RA (median 
[range], AUC τ, 1512 [476–7283] day•μg/mL [data on file]; 

Cmean, 54.0 [17.0–260] μg/mL; and Cmax, 176 [75.4–557] 
μg/mL) [20] (Table  5). The maximum exposure results  
(AUC τ, Cmean, and Cmax) of the TCZ IV 7-mg/kg Q4W 
dose exceeded these values. Based on population PK 
modeling, using the model initially developed for patients 
with RA [21], patients with GCA appear to have a lower 
linear apparent clearance than patients with RA, which 
results in a 50% difference between the predicted steady-
state exposures in the 2 populations. The reason for the 
difference between patients with GCA and those with 
RA is suspected to be disease-specific; however, the exact 
reason remains unknown. None of the covariates exam-
ined (e.g., age, sex, body weight) in the present study and 
previous studies in GCA [9, 10] were shown to explain 
the differences.

IL-6 serum concentrations were relatively high at 
baseline (≈  50 pg/mL) because patients received ≥ 5 
consecutive TCZ doses before entering the study (IL-6 
receptor blockade by TCZ inhibits IL-6 elimination, 

Fig. 4 Serum concentrations of IL-6 (A), sIL-6R (B), and CRP (C) vs time profiles and ESR over time (D) by visits and dose level. Baseline was defined 
as the last nonmissing assessment on or before the first TCZ dose of the dosing period. The last dose could be the fifth or sixth dose, according to 
the investigator’s decision. Three patients received a sixth dose at week 20 in period 1. To align their end-of-period profile with those of the other 
patients, their week 16 data have been excluded from this plot. ULN for CRP was 10 mg/L, and for ESR, it was 30 mm/h. CRP, C-reactive protein; ESR, 
erythrocyte sedimentation rate; IL-6, interleukin 6; IQR, interquartile range; IV, intravenous; PK, pharmacokinetics; Q4W, every 4 weeks; SEM, standard 
error of the mean; sIL-6R, soluble interleukin 6 receptor; TCZ, tocilizumab; ULN, upper limit of normal
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which is principally receptor-mediated) [22]. IL-6 levels 
remained elevated throughout the study, reflecting an 
equilibrium between its formation and its slower clear-
ance due to IL-6 receptor blocked by TCZ. Likewise, sIL-
6R levels also remained elevated, reflecting the slower 
clearance of the TCZ-receptor complex relative to the 
native substrate-receptor complex.

Treatment with TCZ was generally well-tolerated, 
and no new safety concerns were identified. The AEs 
observed during period 1 (TCZ IV 7 mg/kg Q4W) and 
period 2 (TCZ IV 6 mg/kg Q4W) were consistent with 
AEs observed in other TCZ GCA studies [9, 10], the 

large clinical trial data set from RA, and the established 
safety profile of TCZ. The numerically higher incidence 
and rate of AEs in period 1 of this study should be inter-
preted with caution due to the small sample size and, for 
the rate, the fact that 2 patients were withdrawn from 
the study during period 1, one of whom contributed 
the highest number of AEs/SAEs (6 events) in period 
1. Infections are a concern in patients with GCA due 
to age and concomitant glucocorticoid treatment, and 
a higher rate of severe infection has been seen in older 
patients with GCA than in those with RA, as reported in 
an analysis of clinical trial and claims data [23]. During 

Table 4 Overview of AEs

Investigator text for AEs encoded using MedDRA, version 23.1. Multiple occurrences of the same AE in 1 individual are counted only once except for the “Total no. of 
AEs” row, in which multiple occurrences of the same AE are counted separately

AE Adverse event, IV Intravenous, MedDRA Medical Dictionary for Regulatory Activities, SAE Serious adverse event
a Incidence and severity of adverse events as determined by the National Cancer Institute Common Terminology Criteria for Adverse Events, version 5.0, were 
evaluated
b As determined by the investigator

7 mg/kg IV (period 1), n = 24 6 mg/kg IV (period 2), n = 22 All patients 
(periods 1 and 2), 
N = 24

Patients with ≥ 1 AE, n (%) 19 (79.2) 9 (40.9) 22 (91.7)

Total no. of AEs, n 35 16 51

Total no. of deaths, n 0 0 0

Total no. of patients with ≥ 1 AE, n (%)

 Leading to withdrawal from treatment 1 (4.2) 0 1 (4.2)

 Leading to dose modification or interruption 3 (12.5) 0 3 (12.5)

 Grade ≥  3a 2 (8.3) 0 2 (8.3)

 Treatment  relatedb 6 (25.0) 1 (4.5) 7 (29.2)

Patients with ≥ 1 SAE, n (%) 3 (12.5) 1 (4.5) 4 (16.7)

Total no. of patients with ≥ 1 SAE, n (%)

 Leading to withdrawal from treatment 0 0 0

 Leading to dose modification or interruption 3 (12.5) 0 3 (12.5)

 Treatment  relatedb 1 (4.2) 0 1 (4.2)

Total no. of patients with selected AEs, n (%)

 Infections 13 (54.2) 6 (27.3) 16 (66.7)

 Neutropenia 0 0 0

 Thrombocytopenia 1 (4.2) 0 1 (4.2)

Total no. of patients with an AE of special interest, n (%)

 Serious bleeding events 2 (8.3) 0 2 (8.3)

 Serious infections 1 (4.2) 0 1 (4.2)

 Anaphylactic reactions 0 0 0

 Demyelinating disorders 0 0 0

 Gastrointestinal perforations 0 0 0

 Hypersensitivity reactions 0 0 0

 Malignancies 0 0 0

 Myocardial infarctions 0 0 0

 Opportunistic infections 0 0 0

 Serious hepatic events 0 0 0

 Stroke 0 0 0
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the present study, 1 serious infection (pneumococcal 
pneumonia) was reported; however, the overall number 
of patients was low, and the follow-up time was limited.

Patients began the present study in remission (after 
initial dosing with TCZ) and stayed in remission with 
7- and 6-mg/kg dosing in both treatment periods, and 
no patients experienced a GCA flare. Notably, only 7 
and 2 patients were receiving glucocorticoids in period 
1 and 2, respectively, all at a prednisone-equivalent dose 
of ≤ 5 mg per day, which supports the glucocorticoid-
sparing effect of TCZ. Doses of TCZ IV < 8 mg/kg have 
also demonstrated effectiveness in several real-world 
observational studies of patients with GCA. TCZ IV at 
a dose of 4 mg/kg Q4W effectively induced and main-
tained remission in 11 of 13 (85%) older patients (median 
age, 78 years) with GCA and often severe comorbidi-
ties [24]. In another small retrospective study, a gradual 
dose reduction of TCZ IV from 8 to 4 mg/kg, along with 
an increased dosing interval, in patients with GCA who 
were in remission and receiving long-term treatment 
with TCZ was effective for maintaining sustained remis-
sion in 12 of 13 patients (92%) [25]. While these lower 
doses of TCZ were effective in treating GCA (i.e., induc-
ing and maintaining remission) in these small obser-
vational studies, TCZ doses lower than the approved 
dosage may carry the risk of reduced efficacy, possibly 
leading to vision loss and other ischemic complications. 
As previously mentioned, the dosing regimen of TCZ IV 
6 mg/kg Q4W provides trough concentrations similar to 
effective trough concentrations achieved with SC dos-
ing regimens in patients with GCA. A dosing regimen of 
TCZ IV 6 mg/kg Q4W is expected to be effective in the 
treatment of GCA based on the maintenance of remis-
sion and the similarity of exposure.

In the phase III TCZ SC GCA trial [9] and the phase II 
TCZ IV GCA trial [10], the duration of treatment with 
TCZ was 1 year, but the ideal length of treatment with 
TCZ for GCA is unknown. Observational studies have 
shown that patients can maintain remission without 
continued TCZ or glucocorticoid treatment; however, 
in patients who achieved remission with TCZ, approxi-
mately 50 to 60% relapsed after TCZ was discontinued 
[15, 26, 27]. Recommendations for TCZ treatment dura-
tion vary from deciding the length of treatment on an 
individual basis [6] to discontinuation after 1 year [18]. 
The duration of TCZ treatment should be carefully dis-
cussed in shared decision-making between healthcare 
providers and patients and consider patient factors such 
as comorbidities, type of GCA manifestations, and risk of 
GCA relapse and glucocorticoid-related AEs. In patients 
who relapse after discontinuation of TCZ, retreatment, 
with and without glucocorticoids, has been shown to be 
effective at restoring remission [15].

Limitations
Per the study design, patients entered this study in 
remission after receiving ≥ 5 doses of TCZ IV 8 mg/kg 
Q4W. This study was open-label; however, the PK and 
PD endpoints were not expected to be affected by dose 
awareness. The small sample size should be taken into 
consideration when interpreting the safety and explora-
tory efficacy data.

Conclusions
Both dose levels of TCZ IV (6 and 7 mg/kg) Q4W 
were generally well tolerated in patients with GCA, 
and patients stayed in remission throughout the study. 
The Cmax and Cmean achieved with 6 mg/kg IV Q4W in 

Table 5 Summary of pharmacokinetic steady-state TCZ exposure parameters

Values are median (range)

AUC τ Area under the curve over a dosing interval (τ), Cmax Maximum concentration, Cmean Mean concentration (AUC τ/τ), Ctrough Minimum (trough) concentration, GCA  
Giant cell arteritis, IIS Investigator-initiated study, IV Intravenous, PopPK Population PK, PK Pharmacokinetic, QW Every week, Q2W Every 2 weeks, Q4W Every 4 weeks, 
RA Rheumatoid arthritis, SC Subcutaneous, TCZ Tocilizumab
a Noncompartmental analysis
b PopPK analysis
c PopPK analysis of RA studies WA17822 (NCT00106548), WA17824 (NCT00109408), WA18062 (NCT00106522), WA18063 (NCT00106574), and WA22762 and NA25220 
(NCT01662063) (data on file)

Studies Dosing regimen Patient 
population

Number AUC τ (day•μg/mL) Cmean (μg/mL) Cmax (μg/mL) Ctrough (μg/mL)

Present  studya 6 mg/kg IV Q4W GCA 22 1610 (921–3070) 57.5 (32.9–110) 178 (115–320) 22.7 (3.38–54.5)

Present  studya 7 mg/kg IV Q4W GCA 22 2130 (1120–4300) 76.0 (40.1–154) 197 (118–352) 37.2 (6.59–69.0)

Phase II IIS (NCT01450137) [10]b 8 mg/kg IV Q4W GCA 20 2249 (457–5778) 80.3 (16–206) 190 (48.5–538) 35.5 (0–145)

GiACTA (NCT01791153) [9]b 162 mg SC QW GCA 100 495 (82–1042) 70.6 (11.7–149) 72.1 (12.2–151) 67.2 (10.7–145)

GiACTA (NCT01791153) [9]b 162 mg SC Q2W GCA 49 191 (97.7–686) 13.7 (0.5–49) 17.2 (1.1–56.2) 7.7 (0.1–37.3)

PopPK  RAc 8 mg/kg IV Q4W RA 2155 1512 (476–7283) 54.0 (17.0–260) 176 (75.4–557) 13.4 (0.1–154)
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patients with GCA were similar to those seen in patients 
with RA treated with 8 mg/kg IV Q4W, and the Ctrough 
was within the range observed in patients with GCA 
treated with 162 mg SC QW and Q2W. These study 
results support a dose of TCZ IV 6 mg/kg Q4W in 
patients with GCA.

Abbreviations
AE: Adverse event; AUC : Area under the curve; AUC τ: Area under the curve 
over a dosing interval; Cmax: Maximum concentration; Cmean: Mean concentra-
tion; CRP: C-reactive protein; Ctrough: Minimum (trough) concentration; ELISA: 
Enzyme-linked immunoassay; ESR: Erythrocyte sedimentation rate; GCA : Giant 
cell arteritis; HSA: High-sensitivity analysis; IL-6: Interleukin 6; IV: Intravenous; 
LSA: Low-sensitivity assay; PD: Pharmacodynamic; PK: Pharmacokinetic; PMR: 
Polymyalgia rheumatica; QW: Every week; Q2W: Every 2 weeks; Q4W: Every 4 
weeks; RA: Rheumatoid arthritis; SAE: Serious adverse event; SC: Subcutane-
ous; SD: Standard deviation; sIL-6R: Soluble interleukin 6 receptor; T1/2: Half-life; 
TCZ: Tocilizumab; Tmax: Time to maximum concentration.

Acknowledgements
Support for third-party writing assistance, provided by Nicola Gillespie, DVM, 
of Health Interactions, Inc, was provided by F. Hoffmann-La Roche Ltd.

Authors’ contributions
All authors were involved in the data interpretation, contributed to the careful 
review and revision of the manuscript, and approved the final manuscript 
for publication. CS, LB, MG, TD, and PMV were involved in the writing of the 
manuscript. LC, BB, TD, and PMV contributed to the patient recruitment and 
data collection. CS, LB, MG, and MZ contributed to the data analysis.

Funding
This study was funded by F. Hoffmann-La Roche Ltd, which was involved in 
the design and conduct of the study; collection, management, analysis, and 
interpretation of the data; preparation, review, and approval of the manu-
script; and decision to submit the manuscript for publication.

Availability of data and materials
Given the small study population the decision to share the patient level data 
needs to be handled on a case by case basis to determine if the clinical data 
can be adequately anonymized to give an acceptably low risk of patient-re 
identification. Qualified researchers may submit an enquiry through the 
data request platform, Vivli, at https://vivli.org/ourmember/roche/, however 
this does not guarantee that the data can be shared. For up to date details 
on Roche’s Global Policy on the Sharing of Clinical Information and how to 
request access to related clinical study documents, see: go.roche.com/data_
sharing Anonymized records for individual patients across more than one data 
source external to Roche can not, and should not, be linked due to a potential 
increase in risk of patient re-identification.

Declarations

Ethics approval and consent to participate
All patients gave informed consent. This study was conducted in accordance 
with the International Council for Harmonisation E6 Guideline for Good Clini-
cal Practice and the Declaration of Helsinki or Swiss regulations, whichever 
afforded greater patient protection. The protocol was approved by the ethics 
committee of the participating institution (Ethikkommission Nordwest- und 
Zentralschweiz, Basel, and Kantonale Ethikkommission Bern KEK, Bern).

Consent for publication
Not applicable.

Competing interests
CS: employee and stockholder of F. Hoffmann-La Roche Ltd. LB: employee of 
F. Hoffmann-La Roche Ltd. MG: employee of F. Hoffmann-La Roche Ltd. MZ: 
working for F. Hoffmann-La Roche Ltd. as an employee of Parexel International. 
LC: research/nonfinancial support, advisory fees, and stock ownership from 

Bristol Myers Squibb, F. Hoffmann-La Roche Ltd, Gilead Sciences, Novartis, 
Pfizer, and Sanofi. BB: no disclosures. TD: speaker and advisory fees and 
research support from Novartis. PMV: speaker and advisory fees and research 
support from Roche, MSD, AbbVie, Pfizer, Novartis, Grünenthal, Amgen, Sanofi, 
Chugai, BMS, and Gilead.

Author details
1 Department of Clinical Pharmacology, F. Hoffmann-La Roche AG, Grenzach-
erstrasse 124, 4070 Basel, Switzerland. 2 F. Hoffmann-La Roche Ltd, Welwyn 
Garden City, UK. 3 Paraxel International, Milan, Italy. 4 Department of Rheuma-
tology and Immunology, Inselspital, University Hospital Bern, Bern, Switzer-
land. 5 Department of Rheumatology, USB - University Hospital Basel, Basel, 
Switzerland. 6 Medical Center Monbijou, Bern, Switzerland. 

Received: 1 March 2022   Accepted: 12 May 2022

References
 1. Nesher G. The diagnosis and classification of giant cell arteritis. J Autoim-

mun. 2014;48-49:73–5.
 2. Crowson CS, Matteson EL. Contemporary prevalence estimates for giant 

cell arteritis and polymyalgia rheumatica, 2015. Semin Arthritis Rheum. 
2017;47(2):253–6.

 3. Crowson CS, Matteson EL, Myasoedova E, Michet CJ, Ernste FC, War-
rington KJ, et al. The lifetime risk of adult-onset rheumatoid arthritis and 
other inflammatory autoimmune rheumatic diseases. Arthritis Rheum. 
2011;63(3):633–9.

 4. Watts RA, Hatemi G, Burns JC, Mohammad AJ. Global epidemiology of 
vasculitis. Nat Rev Rheumatol. 2022;18(1):22–34.

 5. Dejaco C, Duftner C, Buttgereit F, Matteson EL, Dasgupta B. The spectrum 
of giant cell arteritis and polymyalgia rheumatica: revisiting the concept 
of the disease. Rheumatology (Oxford). 2017;56(4):506–15.

 6. Hellmich B, Agueda A, Monti S, Buttgereit F, de Boysson H, Brouwer E, 
et al. 2018 update of the EULAR recommendations for the management 
of large vessel vasculitis. Ann Rheum Dis. 2019;79(1):19–30.

 7. Berti A, Cornec D, Medina Inojosa JR, Matteson EL, Murad MH. Treatments 
for giant cell arteritis: meta-analysis and assessment of estimates reliabil-
ity using the fragility index. Semin Arthritis Rheum. 2018;48(1):77–82.

 8. Kotter I, Henes JC, Wagner AD, Loock J, Gross WL. Does glucocorticos-
teroid-resistant large-vessel vasculitis (giant cell arteritis and Takayasu 
arteritis) exist and how can remission be achieved? A critical review of 
the literature. Clin Exp Rheumatol. 2012;30(1 Suppl 70):S114–S29.

 9. Stone JH, Tuckwell K, Dimonaco S, Klearman M, Aringer M, Block-
mans D, et al. Trial of tocilizumab in giant-cell arteritis. N Engl J Med. 
2017;377(4):317–28.

 10. Villiger PM, Adler S, Kuchen S, Wermelinger F, Dan D, Fiege V, et al. Tocili-
zumab for induction and maintenance of remission in giant cell arteritis: 
a phase 2, randomised, double-blind, placebo-controlled trial. Lancet. 
2016;387(10031):1921–7.

 11. Camellino D, Matteson EL, Buttgereit F, Dejaco C. Monitoring and long-
term management of giant cell arteritis and polymyalgia rheumatica. Nat 
Rev Rheumatol. 2020;16(9):481–95.

 12. Proven A, Gabriel SE, Orces C, O’Fallon WM, Hunder GG. Glucocorticoid 
therapy in giant cell arteritis: duration and adverse outcomes. Arthritis 
Rheum. 2003;49(5):703–8.

 13. Kermani TA, Warrington KJ, Cuthbertson D, Carette S, Hoffman GS, Khalidi 
NA, et al. Disease relapses among patients with giant cell arteritis: a 
prospective, longitudinal cohort study. J Rheumatol. 2015;42(7):1213–7.

 14. Stone JH, Tuckwell K, Dimonaco S, Klearman M, Aringer M, Blockmans D, 
et al. Glucocorticoid dosages and acute-phase reactant levels at giant 
cell arteritis flare in a randomized trial of tocilizumab. Arthritis Rheumatol. 
2019;71(8):1329–38.

 15. Stone JH, Han J, Aringer M, Blockmans D, Brouwer E, Cid MC, et al. Long-
term effect of tocilizumab in patients with giant cell arteritis: open-label 
extension phase of the Giant Cell Arteritis Actemra (GiACTA) trial. Lancet 
Rheumatol. 2021;3(5):E328–E36.

 16. Mahr AD, Jover JA, Spiera RF, Hernández-García C, Fernández-Gutiérrez 
B, Lavalley MP, et al. Adjunctive methotrexate for treatment of giant 



Page 11 of 11Schmitt et al. Arthritis Research & Therapy          (2022) 24:133  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

cell arteritis: an individual patient data meta-analysis. Arthritis Rheum. 
2007;56(8):2789–97.

 17. Antonio AA, Santos RN, Abariga SA. Tocilizumab for giant cell arteritis. 
Cochrane Database Syst Rev. 2021;8(8):CD013484.

 18. Turesson C, Börjesson O, Larsson K, Mohammad AJ, Knight A. Swed-
ish Society of Rheumatology 2018 guidelines for investigation, 
treatment, and follow-up of giant cell arteritis. Scand J Rheumatol. 
2019;48(4):259–65.

 19. Maz M, Chung SA, Abril A, Langford CA, Gorelik M, Guyatt G, et al. 2021 
American College of Rheumatology/Vasculitis Foundation Guideline for 
the Management of Giant Cell Arteritis and Takayasu Arteritis. Arthritis 
Care Res (Hoboken). 2021;73(8):1071–87.

 20. ACTEMRA Prescribing Information. Genentech, Inc. South San Francisco, 
CA. 2021.

 21. Frey N, Grange S, Woodworth T. Population pharmacokinetic analysis 
of tocilizumab in patients with rheumatoid arthritis. J Clin Pharmacol. 
2010;50(7):754–66.

 22. Nishimoto N, Terao K, Mima T, Nakahara H, Takagi N, Kakehi T. Mecha-
nisms and pathologic significances in increase in serum interleukin-6 
(IL-6) and soluble IL-6 receptor after administration of an anti-IL-6 
receptor antibody, tocilizumab, in patients with rheumatoid arthritis and 
Castleman disease. Blood. 2008;112(10):3959–64.

 23. Gale S, Trinh H, Tuckwell K, Collinson N, Stone JH, Sarsour K, et al. Adverse 
events in giant cell arteritis and rheumatoid arthritis patient populations: 
analyses of tocilizumab clinical trials and claims data. Rheumatol Ther. 
2019;6(1):77–88.

 24. Rossi GM, Mannoni A, Di Scala G, Silvestri E, Cojan RD, Vannozzi L, et al. 
Low-dose tocilizumab for relapsing giant cell arteritis in the elderly, frag-
ile patient: beyond the GiACTA trial. Autoimmun Rev. 2018;17(12):1265–7.

 25. Regola F, Cerudelli E, Bosio G, Andreoli L, Tincani A, Franceschini F, et al. 
Long-term treatment with tocilizumab in giant cell arteritis: efficacy 
and safety in a monocentric cohort of patients. Rheumatol Adv Pract. 
2020;4(2):rkaa017.

 26. Clément J, Duffau P, Constans J, Schaeverbeke T, Viallard JF, Barcat D, et al. 
Real-world risk of relapse of giant cell arteritis treated with tocilizumab: a 
retrospective analysis of 43 patients. J Rheumatol. 2021;48(9):1435–41.

 27. Adler S, Reichenbach S, Gloor A, Yerly D, Cullmann JL, Villiger PM. Risk of 
relapse after discontinuation of tocilizumab therapy in giant cell arteritis. 
Rheumatology (Oxford). 2019;58(9):1639–43.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Intravenous tocilizumab for the treatment of giant cell arteritis: a phase Ib dose-ranging pharmacokinetic bridging study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 
	Trial registration: 

	Background
	Methods
	Study design
	Patients
	Safety and tolerability
	Efficacy
	Sample collection and analysis
	Pharmacokinetics
	Statistical methods

	Results
	Patient disposition and baseline characteristics
	Pharmacokinetics
	Pharmacodynamics
	Safety
	Exploratory efficacy

	Discussion
	Limitations

	Conclusions
	Acknowledgements
	References


