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ABSTRACT
Objective Subcutaneous (SC) and intravenous
formulations of tocilizumab (TCZ) are available for the
treatment of patients with rheumatoid arthritis (RA),
based on the efficacy and safety observed in clinical
trials. Anti-TCZ antibody development and its impact on
safety and efficacy were evaluated in adult patients with
RA treated with intravenous TCZ (TCZ-IV) or TCZ-SC as
monotherapy or in combination with conventional
synthetic disease-modifying antirheumatic drugs
(csDMARDs).
Methods Data from 5 TCZ-SC and 8 TCZ-IV phase III
clinical trials and 1 TCZ-IV clinical pharmacology safety
study (>50 000 samples) were pooled to assess the
immunogenicity profile of TCZ-SC and TCZ-IV (8974
total patients). The analysis included antidrug antibody
(ADA) measurement following TCZ-SC or TCZ-IV
treatment as monotherapy or in combination with
csDMARDs, after dosing interruptions or in TCZ-washout
samples, and the correlation of ADAs with clinical
response, adverse events or pharmacokinetics (PK).
Results The proportion of patients who developed
ADAs following TCZ-SC or TCZ-IV treatment was 1.5%
and 1.2%, respectively. ADA development was also
comparable between patients who received TCZ
monotherapy and those who received concomitant
csDMARDs (0.7–2.0%). ADA development did not
correlate with PK or safety events, including anaphylaxis,
hypersensitivity or injection-site reactions, and no
patients who developed ADAs had loss of efficacy.
Conclusions The immunogenicity risk of TCZ-SC and
TCZ-IV treatment was low, either as monotherapy or in
combination with csDMARDs. Anti-TCZ antibodies
developed among the small proportion of patients had
no evident impact on PK, efficacy or safety.

INTRODUCTION
For patients with rheumatoid arthritis (RA) who do
not respond to or are intolerant of conventional
synthetic disease-modifying antirheumatic drugs
(csDMARDs), biologic DMARDs (bDMARDs)
are recommended.1 Often, a bDMARD and
≥1 csDMARD are used in combination, but
bDMARDs can also be used as monotherapy. The
currently approved bDMARDs include antitumour
necrosis factor-α agents (aTNFs), anti-interleukin 6
receptor (IL-6R) therapy, anti-CD20 B cell targeted
therapy and T cell co-stimulation inhibition. One
safety concern of bDMARDs is the development of

antidrug antibodies (ADAs).2 Multiple factors may
contribute to ADA development, including struc-
ture and idiotype,3 route of administration,3 mech-
anism of action,4 concomitant csDMARD use,5 6

disease activity,7 genetic status,3 8 patient immuno-
competence,3 treatment duration,3 the disease
itself9 and drug dose/frequency.8 ADAs can lead to
loss of efficacy10 and/or immune-mediated adverse
reactions, including IgE-mediated or non-IgE-
mediated events.11

Tocilizumab (TCZ) is a humanised monoclonal
antibody (mAb) of the IgG1 subclass that blocks
IL-6 binding to the membrane-bound and soluble
IL-6R, consequently inhibiting IL-6 activity. TCZ is
approved for adult RA (as intravenous or subcuta-
neous (SC) formulations) and as intravenous for
systemic-course and polyarticular-course juvenile
idiopathic arthritis and Castleman disease ( Japan
only).12 TCZ has demonstrated efficacy and a well
characterised safety profile as monotherapy or in
combination with csDMARDs.13–19

This study addresses important clinical and scien-
tific questions: Is a therapeutic antibody by SC
administration more immunogenic compared with
intravenous administration? Is the immunogenic risk
of TCZ monotherapy similar to that of co-therapy
with methotrexate (MTX)? Here, the immunogen-
icity of TCZ is assessed in different clinical settings
—ADA development following TCZ administration
as SC or intravenous formulations as monotherapy
or in combination with csDMARDs, after dosing
interruptions and in TCZ-washout samples—as well
as its correlation with adverse events (AEs), clinical
response and pharmacokinetics (PK). Data were
derived from five TCZ-SC and nine intravenous
TCZ (TCZ-IV) RA trials plus their long-term exten-
sions: SUMMACTA,20 21 BREVACTA,22 23 the
TCZ-SC long-term extension rollover study of US
patients from BREVACTA and SUMMACTA,24

MUSASHI (Multi-Center Double-Blind Study of
Tocilizumab Subcutaneous Injection in Patients
Having Rheumatoid Arthritis to Verify
Noninferiority Against Intravenous Infusion),25 26

FUNCTION,27 AMBITION (Actemra vs
Methotrexate Double-Blind Investigative Trial in
Monotherapy),15 TOWARD (Tocilizumab in
Combination With Traditional DMARD
Therapy),17 OPTION (Tocilizumab Pivotal Trial in
Methotrexate Inadequate Responders),13 LITHE
(Tocilizumab Safety and the Prevention of Structural
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Joint Damage),14 RADIATE (Research on Actemra Determining
Efficacy After Anti-TNF Failures),16 TOZURA global umbrella
study (interim analysis) and a clinical pharmacology study.28

PATIENTS AND METHODS
Study designs
The study designs of the TCZ trials are summarised (see online
supplementary table S1).13–17 20 22 24 25 27

Sampling
Blood samples for ADA detection and PK analysis were col-
lected at baseline and regularly predose (TCZ trough level)
throughout the studies and at the study completion or early
withdrawal visit. Furthermore, patients who withdrew due to
hypersensitivity reactions in five of the studies had additional
samples for ADAs collected at the time of the event and at least
4–8 weeks after the last treatment.20 22 24 27 To minimise poten-
tial TCZ interference in the immunogenicity assay, in the
TCZ-IV versus TCZ-SC study, TCZ-washout samples (at least 4
weeks or 8 weeks after the last treatment, or predose samples
after treatment interruptions during the study) were
evaluated.20

Immunogenicity assessment strategy and assays
In all studies, consistent assay methodology was applied,29 and a
sequential testing strategy was adopted (figure 1). All samples
were initially screened for antibodies, and positive samples were
analysed by a confirmation assay for specificity. Characterisation
of any samples with confirmed anti-TCZ antibodies was per-
formed to detect neutralising potential and IgE isotype. In three
studies, an IgE assay was also conducted in patients who with-
drew because of hypersensitivity reactions, regardless of their
confirmation assay status.20 22 24 27 The IgE assay was not per-
formed in the TCZ-IV studies consistently; therefore, results
were not available. Clinical AEs and efficacy measures were eval-
uated in association with ADA development.

The screening assay employed a bridging ELISA and used bio-
tinylated TCZ from different labelling preparations immobilised

on streptavidin-coated microtitre plates. Anti-TCZ antibodies
form a complex of TCZ-biotin/anti-TCZ antibody/TCZ-digoxi-
genin, captured by immobilised streptavidin and then detected
by an antidigoxigenin-peroxidase antibody (figure 2A). An assay
cut point was determined from serum samples from patients
with RA, containing various levels of rheumatoid factor in order
to minimise its interference. The confirmation assay was con-
ducted the same as the screening assay except the preincubation
of test or control samples with digoxigenylated TCZ was
performed in parallel in the presence and absence of excess free
TCZ, which competes with digoxigenylated TCZ and biotiny-
lated TCZ for binding to anti-TCZ antibodies (figure 2B).

To detect neutralising potential of ADAs, an inhibition ELISA
was performed for all studies except the Japanese study (figure
2C). The neutralising assay evaluates whether anti-TCZ anti-
bodies competitively interfere with the binding of TCZ to
immobilised soluble IL-6R. Blocking the binding of TCZ to
IL-6R, resulting in a decrease in assay signal, is indicative that
anti-TCZ antibodies can neutralise the therapeutic effect of
TCZ. In the Japanese study, an antigen-binding fragment (Fab)
assay in a bridging ELISA format that can detect anti-TCZ anti-
bodies that bind to the Fab fragment of TCZ was applied as the
neutralising assay.25 26 IgE isotype antibodies were detected
using the ImmunoCAP assay system (Quest Diagnostics) (figure
2D).29 Anti-TCZ-IgE antibodies captured by immobilised TCZ
were detected by an antihuman IgE-specific antibody.

PK assay
TCZ serum concentrations were determined by ELISA. The
lower limit of quantitation was 100 ng/mL. The impact of ADAs
on PK was formally evaluated in three intravenous studies and
two SC studies.13 16 17 20 22

Analyses
In all studies except the Japanese study, hypersensitivity events
were conservatively defined as all AEs (excluding injection-site
reactions (ISRs)) that occurred during or within 24 hours of an
infusion or injection and were not judged unrelated to

Figure 1 Tocilizumab (TCZ)
immunogenicity assessment strategy*.
*Blood samples were taken at baseline
(BL) and regularly prior to dosing
throughout the studies. q12w, every
12 weeks.
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treatment by the investigator; those events may or may not be
consistent with hypersensitivity clinically. Anaphylactic reactions
were events that occurred during or within 24 hours of an infu-
sion or injection and met Sampson criteria.30 Serious

hypersensitivity events were hypersensitivity events that were
also reported as serious AEs, and clinically significant hypersen-
sitivity events were hypersensitivity events that led to study
withdrawal. ISRs were AEs occurring at the local injection

Figure 2 Anti-tocilizumab (anti-TCZ)
antibody assay. (A) The screening
assay employed bridging ELISAs and
used biotinylated TCZ from different
labelling preparations immobilised on
streptavidin-coated microtitre plates.
Bi, biotin; Dig, digoxigenin; SA-MTP,
streptavidin-coated microtitre plate;
POD, peroxidase. (B) For samples
positive from the screening assay, an
additional competitive displacement
step was used for the confirmation
assay, where unlabelled TCZ inhibited
the formation of TCZ-Bi/anti-TCZ
antibody/TCZ-Dig complexes. (C) An
inhibition ELISA was adopted to detect
the neutralising potential of anti-TCZ
antibodies (whether anti-TCZ
antibodies competitively interfere with
the binding of TCZ to immobilised
soluble IL-6 receptor (sIL-6R)). (D) IgE
isotype antibodies were detected using
the ImmunoCAP assay system (Quest
Diagnostics).
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sites following SC administration. In the Japanese study, hyper-
sensitivity events were defined as AEs (excluding ISRs) that
occurred during or within 24 hours of an infusion or injection
and were also judged to be a hypersensitivity event by the clin-
ical expert.25 26

Assay results were also evaluated for patients who met the cri-
teria for loss of efficacy, defined as those who withdrew from
the study prematurely due to insufficient therapeutic response
after experiencing an American College of Rheumatology cri-
teria for 50% improvement or a European League Against
Rheumatism good response.

RESULTS
Patient population
The TCZ-SC all-exposure population consisted of 3099 patients
from the clinical trials, including 616 patients who received
TCZ-SC as monotherapy and 2483 who received TCZ-SC in
combination with csDMARDs (figure 3A). TCZ-SC treatment
was administered for up to 3.5 years. The TCZ-IV all-exposure

population consisted of 5875 patients, with 753 patients who
received TCZ-IV as monotherapy and 5122 who received
TCZ-IV in combination with csDMARDs (figure 3B). TCZ-IV
treatment was administered for up to 5 years.

Incidence of ADA development and effect on safety and
efficacy following TCZ-SC or TCZ-IV all-exposure
Of the patients who received TCZ-SC or TCZ-IV and were
screened for ADAs (99.8% and 98.8%, respectively), the pro-
portion of patients who developed ADAs following either TCZ
treatment was low and comparable (1.5% (47 patients) and
1.2% (69 patients), respectively; table 1). Among the patients
who developed ADAs, 40 (85.1%) who received TCZ-SC and
54 (78.3%) who received TCZ-IV were also positive for the
neutralising assay. Of the patients who were screened for ADAs,
9 (0.3%) who received TCZ-SC developed IgE antibodies;
results for IgE antibodies were not available for TCZ-IV. In all
studies, most detected ADAs were transient and did not occur at
all time points (see online supplementary table S2).

Figure 3 Patient disposition.
Immunogenicity was assessed from the
clinical trials following treatment in
patients with rheumatoid arthritis.
(A) Treatment with subcutaneous
tocilizumab (TCZ-SC). Mono,
monotherapy; csDMARD, conventional
synthetic disease-modifying
antirheumatic drug; IR. inadequate
responder; aTNF, antitumour necrosis
factor-α agent; LTE, long-term
extension. (B) Treatment with
intravenous tocilizumab (TCZ-IV). MTX,
methotrexate.
*TOZURA is a multinational, open-
label, single-arm global umbrella study
comprising 11 protocols from different
countries/regions.
†There were a total of 217 patients
who received TCZ-SC treatment in the
long-term extension (LTE) rollover
study, including 55 patients who
switched from TCZ-IV (in SUMMACTA)
to TCZ-SC for the LTE rollover period.
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Among the all-exposure safety populations, no patients who
received TCZ-SC experienced anaphylaxis, whereas 10 patients
(0.2%) who received TCZ-IV had anaphylaxis (table 1).
Clinically significant hypersensitivity (leading to study with-
drawal) occurred in 31 patients (1.0%) who received TCZ-SC
and in 91 patients (1.5%) who received TCZ-IV; 10 patients
(0.3%) in the TCZ-SC group and 51 (0.9%) in the TCZ-IV
group had serious hypersensitivity (hypersensitivity events
meeting seriousness criteria). Of the 47 patients who received
TCZ-SC and developed ADAs, 1 (2.1%) experienced clinically
significant hypersensitivity, but none had serious hypersensiti-
vity. Of the 69 patients who received TCZ-IV and developed
ADAs, 5 (7.2%) experienced anaphylaxis, 10 (14.5%) had clin-
ically significant hypersensitivity, and 6 (8.7%) had serious
hypersensitivity, including the 5 patients with anaphylaxis.
Among the patients who received TCZ-SC, a total of 310
(10.0%) experienced ISRs. Of the 47 patients who received
TCZ-SC and developed ADAs, 4 (8.5%) experienced ISRs; all
events resolved without sequelae.

Among all patients who developed ADAs with neutralising
potential following TCZ treatment, none experienced loss of
efficacy, regardless of formulation (table 1).

Incidence of ADA development and effect on safety
and efficacy following TCZ monotherapy or in combination
with csDMARDs
The overall incidence of ADA development was low in the 1360
patients treated with TCZ monotherapy (intravenous: 0.7%;
SC: 2.0%) and the 7540 patients treated with TCZ+
csDMARDs (intravenous: 1.3%; SC: 1.4%), regardless of for-
mulation (table 2).

Among the safety population, the incidences of hypersensitiv-
ity events were consistent between patients who received TCZ
monotherapy or TCZ + csDMARDs (table 2). No patients
experienced anaphylaxis with TCZ-SC compared with 1 patient
(0.1%) who received TCZ-IV monotherapy and 9 patients

(0.2%) who received TCZ-IV+csDMARDs. Clinically significant
hypersensitivity occurred in 6 patients (1.0%) who received
TCZ-SC monotherapy and in 25 patients (1.0%) who received
TCZ-SC+csDMARDs. Serious hypersensitivity occurred in one
patient (0.2%) in the TCZ-SC monotherapy group and in nine
patients (0.4%) in the TCZ-SC+csDMARDs group. Twelve
patients (1.6%) who received TCZ-IV monotherapy and 79
(1.5%) who received TCZ-IV+csDMARDs had clinically signifi-
cant hypersensitivity events. Nine patients (1.2%) who received
TCZ-IV monotherapy and 42 (0.8%) who received TCZ-IV
+csDMARDs had serious hypersensitivity events.

There was no clear impact of ADA development on safety,
regardless of TCZ administration as monotherapy or in combin-
ation with csDMARDs (table 2). Of the five patients who
received TCZ-IV monotherapy and developed ADAs, one had
clinically significant hypersensitivity and none had serious
hypersensitivity or anaphylaxis. Of the 64 patients who received
TCZ-IV+csDMARDs and developed ADAs, 9 experienced clin-
ically significant hypersensitivity and 6 had serious hypersensi-
tivity events, including the 5 anaphylaxis cases. Of the 12
patients who received TCZ-SC monotherapy and developed
ADAs, 1 had clinically significant hypersensitivity and none had
serious hypersensitivity or anaphylaxis. Of the 35 patients who
received TCZ-SC+csDMARDs and developed ADAs, none
experienced anaphylaxis, serious hypersensitivity or clinically
significant hypersensitivity.

ISRs were reported in 81 patients (13.1%) who received
TCZ-SC monotherapy compared with 229 (9.2%) who received
TCZ-SC+csDMARDs (table 2). One patient (0.2%) who
received TCZ-SC monotherapy and developed ADAs had an
ISR; three (0.1%) of the patients who received TCZ-SC
+csDMARDs and developed ADAs had ISRs.

Among all patients who developed ADAs with neutralising
potential following TCZ treatment, none experienced loss of
efficacy, regardless of whether it was administered as monothe-
rapy or in combination with csDMARDs (table 2).

Table 1 Immunogenicity rates and safety and efficacy in patients who developed anti-TCZ antibodies following TCZ-SC or TCZ-IV treatment

TCZ-SC 162 mg qw or q2w
all-exposure (n=3099)

TCZ-IV 4 mg/kg or 8 mg/kg q4w
all-exposure (n=5875)

Anaphylaxis, n (%)* 0 10 (0.2)

Clinically significant hypersensitivity (leading to withdrawal), n (%)† 31 (1.0) 91 (1.5)

Serious hypersensitivity (reported as SAE), n (%)‡ 10 (0.3) 51 (0.9)

Injection-site reactions, n (%) 310 (10.0) N/A

Total patients screened for ADAs, n (%) 3094 (99.8) 5806 (98.8)

Total patients who developed ADAs, n (%)§ 47 (1.5) 69 (1.2)

Positive neutralisation assay, n (%)§¶ 40 (1.3) 54 (0.9)

Positive IgE assay, n (%)§ 9 (0.3) N/A

Anaphylaxis, n (%)*§ 0 5 (0.1)

Clinically significant hypersensitivity (leading to withdrawal), n (%)†§ 1 (0.03) 10 (0.2)

Serious hypersensitivity (reported as SAE), n (%)‡§ 0 6 (0.1)

Injection-site reactions, n (%)§ 4 (0.1) N/A

Loss of efficacy, n (%)§** 0 0

*Anaphylactic reactions were events that occurred during or within 24 hours of an infusion or injection and met Sampson criteria.
†Clinically significant hypersensitivity events were defined as any events that occurred during or within 24 hours of an infusion or injection and led to withdrawal from treatment.
‡Serious hypersensitivity events were defined as any events that occurred during or within 24 hours of an infusion or injection and were reported as SAEs.
§Denominator is total patients screened for ADAs.
¶The Fab assay was applied in the MUSASHI study to measure neutralisation potential.
**Loss of efficacy was defined as patients who withdrew from the study prematurely due to insufficient therapeutic response after experiencing an American College of Rheumatology
criteria for 50% improvement (ACR50) or European League Against Rheumatism good response.
ADA, antidrug antibody; N/A, not available; q2w, every other week; q4w, every 4 weeks; qw, every week; SAE, serious adverse event; TCZ, tocilizumab; TCZ-IV, intravenous TCZ; TCZ-SC,
subcutaneous TCZ.
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TCZ-washout samples
To minimise the potential TCZ interference in the immunogen-
icity assay, additional samples for ADA measurements were
obtained from the TCZ-SC versus TCZ-IV study20 at the
follow-up visits after treatment completion or after dosing inter-
ruption. In total, 928 samples were collected from 879 patients
(table 3). Among them, 549 samples (59.2%) from 503 patients
were TCZ-free (TCZ serum levels below the limit of quantita-
tion) and 239 samples (25.8%) from 238 patients had low TCZ
concentration (<10 μg/mL). Of the 503 patients who provided
TCZ-free samples, which allows for TCZ interference in the
immunogenicity assay to be excluded, only one patient (0.2%)
was positive for ADAs. Another two samples from two patients
who were positive for ADAs had TCZ concentrations of 0.2 μg/
mL and 18.1 μg/mL. All three patients who developed ADAs
did not experience hypersensitivity reactions or ISRs and did
not withdraw due to insufficient therapeutic response or meet
the criteria for loss of efficacy. None of the three patients who

were determined as ADA-positive in washout samples were posi-
tive at the regular sampling time points.

Immunogenicity in patients who missed doses
ADA development after dose interruption was analysed in three
TCZ-SC studies. In the TCZ-SC versus TCZ-IV study,31 179
patients from the TCZ-SC once-weekly (qw) group and 40
patients from the TCZ-IV-switch-to-TCZ-SC group missed ≥3
consecutive TCZ-SC qw injections, and 241 patients from the
TCZ-IV every-4-weeks and TCZ-SC-switch-to-TCZ-IV groups
missed ≥1 TCZ-IV infusion during the study; among these
patients, two in the TCZ-SC arm and two in the TCZ-IV arm
had negative screening assay results before the first missed dose
and then were positive for confirmation and neutralising assays
after dosing was resumed. In the TCZ-SC versus placebo
study,31 188 patients in the TCZ-SC every-other-week group
and 48 patients in the placebo-switch-to-TCZ-SC group missed
≥1 dose during the treatment period and had negative ADA
assays before the missed injection. One patient in the
placebo-switch-to-TCZ-SC arm was positive for ADAs by the
confirmation and neutralising assays after dosing was resumed.
In the Japanese study,25 26 247 patients in the safety population
who received TCZ-SC had an injection interval of >21 days
between doses and were negative for ADAs prior to the dosing
interval. Among them, one patient in the TCZ-SC arm devel-
oped ADAs after reinitiating TCZ treatment. For all TCZ-SC
studies, no impact of ADAs on efficacy or safety was observed in
patients who developed ADAs after dose interruption.

Pharmacokinetics
There was no obvious trend of reduced serum TCZ levels in the
patients who tested positive for ADAs, including those with neu-
tralising potential. A graphical analysis of apparent clearance
estimated by population PK analysis for patients with positive

Table 2 Safety, immunogenicity and effect of ADAs on safety and efficacy following TCZ as monotherapy or in combination with conventional
synthetic disease-modifying antirheumatic drugs (csDMARDs)

TCZ-SC mono 162 mg
qw or q2w (n=616)

TCZ-SC+csDMARDs 162 mg
qw or q2w (n=2483)

TCZ-IV mono 4 mg/kg or
8 mg/kg q4w (n=753)

TCZ-IV+csDMARDs 4 mg/kg
or 8 mg/kg q4w (n=5122)

Anaphylaxis, n (%)* 0 0 1 (0.1) 9 (0.2)

Clinically significant hypersensitivity (leading to
withdrawal), n (%)†

6 (1.0) 25 (1.0) 12 (1.6) 79 (1.5)

Serious hypersensitivity (reported as SAE), n (%)‡ 1 (0.2) 9 (0.4) 9 (1.2) 42 (0.8)

Injection-site reactions, n (%) 81 (13.1) 229 (9.2) N/A N/A

Total patients screened for ADAs, n (%) 615 (99.8) 2479 (99.8) 745 (98.9) 5061 (98.8)

Total patients who developed ADAs, n (%)§ 12 (2.0) 35 (1.4) 5 (0.7) 64 (1.3)

Positive neutralisation assay, n (%)§¶ 7 (1.1) 33 (1.3) 4 (0.5) 50 (1.0)

Positive IgE assay, n (%)§ 3 (0.5) 6 (0.2) N/A N/A

Anaphylaxis, n (%)*§ 0 0 0 5 (0.1)

Clinically significant hypersensitivity (leading to
withdrawal), n (%)†§

1 (0.2) 0 1 (0.1) 9 (0.2)

Serious hypersensitivity (reported as SAE), n (%)‡§ 0 0 0 6 (0.1)

Injection-site reactions, n (%)§ 1 (0.2) 3 (0.1) N/A N/A

Loss of efficacy, n (%)§** 0 0 0 0

*Anaphylactic reactions were events that occurred during or within 24 hours of an infusion or injection and met Sampson criteria.
†Clinically significant hypersensitivity events were defined as any events that occurred during or within 24 hours of an infusion or injection and led to withdrawal from treatment.
‡Serious hypersensitivity events were defined as any events that occurred during or within 24 hours of an infusion or injection and were reported as SAEs.
§Denominator is total patients screened for ADAs.
¶The Fab assay was applied in the MUSASHI study to measure neutralisation potential.
**Loss of efficacy was defined as patients who withdrew from the study prematurely due to insufficient therapeutic response after experiencing an American College of Rheumatology
criteria for 50% improvement (ACR50) or European League Against Rheumatism good response.
ADA, antidrug antibody; N/A, not available; q2w, every other week; q4w, every 4 weeks; qw, every week; SAE, serious adverse event; TCZ, tocilizumab; TCZ-IV, intravenous TCZ; TCZ-SC,
subcutaneous TCZ.

Table 3 TCZ-washout samples by TCZ concentration (SUMMACTA)

Total: 928 total samples from
879 patients TCZ BLQ TCZ <10 μg/mL TCZ ≥10 μg/mL

Washout samples, n (%)* 549 (59.2) 239 (25.8) 140 (15.1)

Patients, n 503 238 138

Total patients who developed
ADAs, n (%)†

1 (0.2) 1 (0.4) 1 (0.7)

Positive neutralisation assay† 0 0 1 (0.7)

Positive IgE assay 0 0 0

Note: Multiple samples (with different TCZ concentrations) could be provided by a
single patient.
*Denominator is total sample number.
†Denominator is total number of patients who provided washout samples.
ADA, antidrug antibody; BLQ, below the lower limit of quantitation (TCZ concentration,
100 ng/mL); TCZ, tocilizumab.
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ADA compared with patients with negative ADA status showed
no differences in intravenous studies (see online supplementary
figure S1) or SC studies (see online supplementary figure S2).
Moreover, no correlation was observed between relative ADA
concentration and TCZ values among ADA-positive patients in
the intravenous versus SC study (see online supplementary
figure S3).

In the TCZ-IV monotherapy versus TCZ-IV+MTX study in
patients with early RA, no overall trends of decreasing concen-
trations were noted for up to 2 years of treatment27 (in prepar-
ation/to be submitted). Similarly, in the TCZ-SC+csDMARDs
versus TCZ-IV+csDMARDs study, once steady state was
reached, mean TCZ concentrations in patients from both
groups remained stable up to week 97.21

DISCUSSION
Our pooled results from 8974 patients treated with TCZ indi-
cated that the incidence of ADA development was low, regard-
less of intravenous or SC formulation and whether it was
administered as monotherapy or in combination with
csDMARDs. In patients who did develop ADAs, ADAs were
mostly transient and no correlation to PK, safety events or loss
of efficacy was observed. The precise mechanism of the
observed low immunogenicity in patients treated with TCZ has
not been fully elucidated; the immunogenic potential of a bio-
logic treatment is affected by several factors, including
molecule-related factors (eg, mechanisms of action, molecular
structure and manufacturing process) and patient characteristics.
ADA incidence is also dependent on the assay itself (eg, assay
sensitivity, specificity and methodology).

Immunogenicity assays are challenged and complicated by
drug interference, and the observed low incidence of ADA
might be a reflection of the assay used. To minimise TCZ inter-
ference, TCZ-washout samples were collected and evaluated in
the TCZ-SC versus TCZ-IV study.20 Among the 503 patients
who provided TCZ-free samples, the proportion who developed
ADAs was low (0.2%) across treatment arms, confirming a low
incidence of ADA development when drug interference is ruled
out. Moreover, the observed low incidence of ADA develop-
ment is consistent with three independently published studies
that examined the immunogenicity of TCZ using commercially
available immunogenicity assays; in those studies, 0% to 3.3%
of patients treated with TCZ developed ADAs.32–34

One possible mechanism of the observed low immunogenicity
of TCZ might be related to the downregulation of B cell activi-
ties due to the blocking of IL-6 signalling (a different mecha-
nism of action from that of aTNFs). Our findings and a recent
study33 indicate no increased risk of ADA development and no
clear impact on TCZ trough level in either TCZ monotherapy
or combination therapy settings21 27 (in preparation/to be sub-
mitted). Consistently, similar efficacy has been observed with
TCZ monotherapy compared with TCZ in combination with
csDMARDs (either intravenous or SC).35–38 In contrast, it has
been reported that with two aTNFs (adalimumab and inflixi-
mab), concomitant administration of MTX suppresses immuno-
genicity and maximises efficacy.7 39 40 Development of ADAs
against adalimumab and infliximab may correlate with the dis-
appearance of drug from the blood and may decrease efficacy
by neutralising the drug or by creating immune complexes.10 41

In this study, patients who were positive for neutralising assay
did not experience a loss of efficacy; it is possible that while the
neutralising antibodies were able to block TCZ in vitro, they
may not function as such in vivo (eg, are not at sufficient con-
centration and/or affinity) to affect TCZ levels or efficacy. It is

unclear why in three patients, ADA became present after drug
washout, and the release of the inhibition of B cell activity after
TCZ washout leading to ADA development might be a possible
explanation; however, most of the detected anti-TCZ antibodies
were transient in this study.

Other possible factors contributing to low immunogenicity
might be molecule-related factors, including mAb structure (eg,
a specific molecular structure with an idiotype of low immuno-
genic potential) and manufacturing processes. In general, it is
not clear whether a humanised mAb treatment is more immuno-
genic than a fully human mAb. ADA development has been
reported for fully human mAbs (eg, adalimumab and golimu-
mab).42 ADAs against the fully human adalimumab induced
neutralising responses that varied by disease and therapy
(5–89%), and ADAs correlate with a lack of efficacy in some
adalimumab-treated patients.7 41 43

To our knowledge, this study, including data from >8900
patients, is the most robust and comprehensive clinical trial-
based assessment addressing immunogenicity compared with
published data for a biologic RA treatment. In the small propor-
tion of patients who developed ADAs following administration
of TCZ-SC or TCZ-IV, no clear correlation of ADA develop-
ment to PK, clinical response or AEs was observed. Further,
administration of TCZ as monotherapy did not increase the risk
of immunogenicity and had no impact on the TCZ trough level.
However, the limitation due to the low number of ADA-positive
patients is acknowledged, especially between subgroups such as
TCZ monotherapy versus TCZ in combination with MTX.
Overall, our data suggest that routine ADA testing is unneces-
sary for the clinical use of TCZ in treating adult RA.

Author affiliations
1Department of Rheumatology and Clinical Immunology, Charité—University
Medicine Berlin, Free University and Humboldt University of Berlin, Berlin, Germany
2Cardiff University, Cardiff, UK
3Altoona Center for Clinical Research, Duncansville, Pennsylvania, USA
4Department of Respiratory Medicine, Allergy and Rheumatic Diseases, Osaka
University Graduate School of Medicine, Osaka, Japan
5Division of Allergy, Rheumatology and Connective Tissue Diseases, Department of
Internal Medicine, NTT West Osaka Hospital, Osaka, Japan
6Genentech, Inc., South San Francisco, California, USA
7Chugai Pharmaceutical Co., Ltd., Tokyo, Japan
8Roche Products Limited, Welwyn Garden City, UK
9F. Hoffmann-La Roche Ltd, Basel, Switzerland
10Roche Innovation Center, New York, New York, USA
11Roche Pharma Research and Early Development, Roche Innovation Center, Basel,
Switzerland
12Roche Pharma Research and Early Development, Roche Innovation Center,
Munich, Germany
13Division of Immunology and Rheumatology, Stanford University Medical Center,
Palo Alto, California, USA

Acknowledgements The authors thank all investigators and patients who
participated in the study and all members of the clinical trial teams. Support for
third-party writing assistance for this article, furnished by Denise Kenski, PhD, and
Ellen Mercado, PhD, of Health Interactions, was provided by F. Hoffmann-La Roche
Ltd. The authors also thank Caroline Kreuzer of Roche, who contributed to the
immunogenicity assays and sample analyses.

Contributors All authors contributed to the development of this manuscript.

Funding Clinical trials were funded by F. Hoffmann-La Roche, Ltd (Roche).
MUSASHI was funded by Chugai Pharmaceuticals Co., Ltd. Roche sponsored the
study; participated in the design of the study along with the academic centres
involved in the trials; and participated in the collection, analysis and interpretation of
the data. This article was reviewed by Roche, but the decision to submit was
contingent only on the approval of the lead author and coauthors, including those
employed by Roche and Chugai.

Competing interests MB, WR, TW, JP and MM are employed by Genentech, Inc.
SL, AP-S, HB, KS and NLM are employed by F. Hoffmann-La Roche. AN is employed
by Chugai Pharmaceutical. GRB has received grants and honoraria for consulting
and lectures from Roche. EC has received research grant, speaker and consultancy

Burmester GR, et al. Ann Rheum Dis 2016;0:1–8. doi:10.1136/annrheumdis-2016-210297 7

Clinical and epidemiological research

http://dx.doi.org/10.1136/annrheumdis-2016-210297
http://dx.doi.org/10.1136/annrheumdis-2016-210297
http://dx.doi.org/10.1136/annrheumdis-2016-210297
http://dx.doi.org/10.1136/annrheumdis-2016-210297
http://dx.doi.org/10.1136/annrheumdis-2016-210297


fees from Roche and Chugai Pharmaceutical. AK has received research grants and
consulted for Genentech, Inc. AO has received consulting fees, speaking fees and/or
honoraria from Chugai Pharmaceutical. MCG has received grants and consulting fees
and/or honoraria from Roche.

Provenance and peer review Not commissioned; externally peer reviewed.

Open Access This is an Open Access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited and the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

REFERENCES
1 Smolen JS, Landewé R, Breedveld FC, et al. EULAR recommendations for the

management of rheumatoid arthritis with synthetic and biological disease-modifying
antirheumatic drugs. Ann Rheum Dis 2010;69:964–75.

2 Singh SK. Impact of product-related factors on immunogenicity of biotherapeutics.
J Pharm Sci 2011;100:354–87.

3 Jani M, Barton A, Warren RB, et al. The role of DMARDs in reducing the
immunogenicity of TNF inhibitors in chronic inflammatory diseases. Rheumatology
(Oxford) 2014;53:213–22.

4 Keiserman M, Codreanu C, Handa R, et al. The effect of antidrug antibodies on the
sustainable efficacy of biologic therapies in rheumatoid arthritis: practical
consequences. Expert Rev Clin Immunol 2014;10:1049–57.

5 Maneiro JR, Salgado E, Gomez-Reino JJ. Immunogenicity of monoclonal antibodies
against tumor necrosis factor used in chronic immune-mediated Inflammatory
conditions: systematic review and meta-analysis. JAMA Intern Med
2013;173:1416–28.

6 Garcês S, Demengeot J, Benito-Garcia E. The immunogenicity of anti-TNF therapy in
immune-mediated inflammatory diseases: a systematic review of the literature with
a meta-analysis. Ann Rheum Dis 2013;72:1947–55.

7 Bartelds GM, Krieckaert CL, Nurmohamed MT, et al. Development of antidrug
antibodies against adalimumab and association with disease activity and treatment
failure during long-term follow-up. JAMA 2011;305:1460–8.

8 Vincent FB, Morand EF, Murphy K, et al. Antidrug antibodies (ADAb) to tumour
necrosis factor (TNF)-specific neutralising agents in chronic inflammatory diseases:
a real issue, a clinical perspective. Ann Rheum Dis 2013;72:165–78.

9 Braun J, Kudrin A. Progress in biosimilar monoclonal antibody development: the
infliximab biosimilar CT-P13 in the treatment of rheumatic diseases. Immunotherapy
2015;7:73–87.

10 van Schouwenburg PA, Rispens T, Wolbink GJ. Immunogenicity of anti-TNF biologic
therapies for rheumatoid arthritis. Nat Rev Rheumatol 2013;9:164–72.

11 Maggi E, Vultaggio A, Matucci A. Acute infusion reactions induced by monoclonal
antibody therapy. Expert Rev Clin Immunol 2011;7:55–63.

12 Nishimoto N, Kanakura Y, Aozasa K, et al. Humanized anti-interleukin-6 receptor
antibody treatment of multicentric Castleman disease. Blood 2005;106:2627–32.

13 Smolen JS, Beaulieu A, Rubbert-Roth A, et al. Effect of interleukin-6 receptor
inhibition with tocilizumab in patients with rheumatoid arthritis (OPTION study): a
double-blind, placebo-controlled, randomised trial. Lancet 2008;371:987–97.

14 Kremer JM, Blanco R, Brzosko M, et al. Tocilizumab inhibits structural joint damage
in rheumatoid arthritis patients with inadequate responses to methotrexate: results
from the double-blind treatment phase of a randomized placebo-controlled trial of
tocilizumab safety and prevention of structural joint damage at one year. Arthritis
Rheum 2011;63:609–21.

15 Jones G, Sebba A, Gu J, et al. Comparison of tocilizumab monotherapy versus
methotrexate monotherapy in patients with moderate to severe rheumatoid arthritis:
the AMBITION study. Ann Rheum Dis 2010;69:88–96.

16 Emery P, Keystone E, Tony HP, et al. IL-6 receptor inhibition with tocilizumab
improves treatment outcomes in patients with rheumatoid arthritis refractory to
anti-tumour necrosis factor biologicals: results from a 24-week multicentre
randomised placebo-controlled trial. Ann Rheum Dis 2008;67:1516–23.

17 Genovese MC, McKay JD, Nasonov EL, et al. Interleukin-6 receptor inhibition with
tocilizumab reduces disease activity in rheumatoid arthritis with inadequate
response to disease-modifying antirheumatic drugs: the tocilizumab in combination
with traditional disease-modifying antirheumatic drug therapy study. Arthritis Rheum
2008;58:2968–80.

18 De Benedetti F, Brunner HI, Ruperto N, et al. Randomized trial of tocilizumab in
systemic juvenile idiopathic arthritis. N Engl J Med 2012;367:2385–95.

19 Brunner HI, Ruperto N, Zuber Z, et al. Efficacy and safety of tocilizumab in patients
with polyarticular-course juvenile idiopathic arthritis: results from a phase 3,
randomised, double-blind withdrawal trial. Ann Rheum Dis 2015;74:1110–17.

20 Burmester GR, Rubbert-Roth A, Cantagrel A, et al. A randomised, double-blind,
parallel-group study of the safety and efficacy of subcutaneous tocilizumab versus
intravenous tocilizumab in combination with traditional disease-modifying
antirheumatic drugs in patients with moderate to severe rheumatoid arthritis
(SUMMACTA study). Ann Rheum Dis 2014;73:69–74.

21 Burmester GR, Rubbert-Roth A, Cantagrel A, et al. Efficacy and safety of
subcutaneous tocilizumab versus intravenous tocilizumab in combination with
traditional DMARDs in patients with RA at week 97 (SUMMACTA). Ann Rheum Dis
2016;75:68–74.

22 Kivitz A, Olech E, Borofsky M, et al. Subcutaneous tocilizumab versus placebo in
combination with disease-modifying antirheumatic drugs in patients with
rheumatoid arthritis. Arthritis Care Res (Hoboken) 2014;66:1653–61.

23 Kivitz A, Olech E, Borofsky MA, et al. The efficacy and safety of tocilizumab
subcutaneous Q2W and following escalation from Q2W to QW therapy in
combination with traditional DMARDs in patients with moderate to severe
rheumatoid arthritis at 96 weeks [abstract]. Arthritis Rheumatol 2014;66:S1076–7.

24 Kivitz A, Michalska M, Devenport J, et al. A multicenter, open-label, long-term
extension study of SUMMACTA and BREVACTA to evaluate safety and efficacy of
tocilizumab SC in patients with moderate to severe RA [abstract]. Ann Rheum Dis
2015;74(Suppl 2):720.

25 Ogata A, Tanimura K, Sugimoto T, et al. Phase III study of the efficacy and safety of
subcutaneous versus intravenous tocilizumab monotherapy in patients with
rheumatoid arthritis. Arthritis Care Res (Hoboken) 2014;66:344–54.

26 Ogata A, Amano K, Dobashi H, et al. Longterm safety and efficacy of subcutaneous
tocilizumab monotherapy: results from the 2-year open-label extension of the
MUSASHI study. J Rheumatol 2015;42:799–809.

27 Burmester GR, Rigby WF, van Vollenhoven RF, et al. Tocilizumab in early progressive
rheumatoid arthritis: FUNCTION, a randomised controlled trial. Ann Rheum Dis
2016;75:1081–91.

28 Actemra® prescribing information. Genentech, Inc., a Member of the Roche Group,
South San Francisco, CA, USA, 2010.

29 Stubenrauch K, Wessels U, Birnboeck H, et al. Subset analysis of patients
experiencing clinical events of a potentially immunogenic nature in the pivotal
clinical trials of tocilizumab for rheumatoid arthritis: Evaluation of an antidrug
antibody ELISA using clinical adverse event-driven immunogenicity testing. Clin Ther
2010;32:1597–609.

30 Sampson HA, Muñoz-Furlong A, Campbell RL, et al. Second Symposium on the
definition and management of anaphylaxis: summary report—Second National
Institute of Allergy and Infectious Disease/Food Allergy and Anaphylaxis Network
symposium. J Allergy Clin Immunol 2006;117:391–7.

31 Burmester GR, Bao M, Reiss W, et al. Immunogenicity, safety and efficacy of
subcutaneous tocilizumab in patients who missed doses [abstract]. Ann Rheum Dis
2015;74(Suppl 2):478.

32 Rodríguez-Muguruza S, Quirant B, Teniente A, et al. Tocilizumab serum levels and
antidrug antibodies and its relationship with disease activity in rheumatic diseases
[abstract]. Ann Rheum Dis 2015;74:731.

33 Sigaux J, Hamze M, Daien C, et al. Immunogenicity of tocilizumab in patients with
rheumatoid arthritis. Joint Bone Spine 2016; Published Online First: 28 Jun 2016.
http://dx.doi.org/10.1016/j.jbspin.2016.04.013

34 Benucci M, Meacci F, Grossi V, et al. Correlations between immunogenicity, drug
levels, and disease activity in an Italian cohort of rheumatoid arthritis patients
treated with tocilizumab. Biologics 2016;10:53–8.

35 Weinblatt ME, Kremer J, Cush J, et al. Tocilizumab as monotherapy or in combination
with nonbiologic disease-modifying antirheumatic drugs: twenty-four-week results of
an open-label, clinical practice study. Arthritis Care Res (Hoboken) 2013;65:362–71.

36 Dougados M, Kissel K, Sheeran T, et al. Adding tocilizumab or switching to
tocilizumab monotherapy in methotrexate inadequate responders: 24-week
symptomatic and structural results of a 2-year randomised controlled strategy trial in
rheumatoid arthritis (ACT-RAY). Ann Rheum Dis 2013;72:43–50.

37 Bykerk VP, Östör AJ, Alvaro-Gracia J, et al. Comparison of tocilizumab as
monotherapy or with add-on disease-modifying antirheumatic drugs in patients with
rheumatoid arthritis and inadequate responses to previous treatments: an
open-label study close to clinical practice. Clin Rheumatol 2015;34:563–71.

38 Choy E, Caporali R, Xavier R, et al. Subcutaneous tocilizumab as monotherapy or in
combination with a csDMARD in patients with rheumatoid arthritis—interim
analysis of a large phase IV international umbrella study, “TOZURA” [abstract]. Ann
of the Rheum Dis 2016;75(Suppl 2)509–10.

39 Krintel SB, Grunert VP, Hetland ML, et al. The frequency of anti-infliximab
antibodies in patients with rheumatoid arthritis treated in routine care and the
associations with adverse drug reactions and treatment failure. Rheumatology
(Oxford) 2013;52:1245–53.

40 Burmester GR, Kivitz AJ, Kupper H, et al. Efficacy and safety of ascending
methotrexate dose in combination with adalimumab: the randomised CONCERTO
trial. Ann Rheum Dis 2015;74:1037–44.

41 Nechansky A. HAHA—nothing to laugh about. Measuring the immunogenicity
(human anti-human antibody response) induced by humanized monoclonal
antibodies applying ELISA and SPR technology. J Pharm Biomed Anal
2010;51:252–4.

42 Spinelli FR, Valesini G. Immunogenicity of anti-tumour necrosis factor drugs in
rheumatic diseases. Clin Exp Rheumatol 2013;31:954–63.

43 Jani M, Chinoy H, Warren RB, et al. Clinical utility of random anti-tumor necrosis
factor drug-level testing and measurement of antidrug antibodies on the long-term
treatment response in rheumatoid arthritis. Clin Exp Rheumatol 2015;67:2011–19.

8 Burmester GR, et al. Ann Rheum Dis 2016;0:1–8. doi:10.1136/annrheumdis-2016-210297

Clinical and epidemiological research

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1136/ard.2009.126532
http://dx.doi.org/10.1002/jps.22276
http://dx.doi.org/10.1093/rheumatology/ket260
http://dx.doi.org/10.1093/rheumatology/ket260
http://dx.doi.org/10.1586/1744666X.2014.926219
http://dx.doi.org/10.1001/jamainternmed.2013.7430
http://dx.doi.org/10.1136/annrheumdis-2012-202220
http://dx.doi.org/10.1001/jama.2011.406
http://dx.doi.org/10.1136/annrheumdis-2012-202545
http://dx.doi.org/10.2217/imt.14.109
http://dx.doi.org/10.1038/nrrheum.2013.4
http://dx.doi.org/10.1586/eci.10.90
http://dx.doi.org/10.1182/blood-2004-12-4602
http://dx.doi.org/10.1016/S0140-6736(08)60453-5
http://dx.doi.org/10.1002/art.30158
http://dx.doi.org/10.1002/art.30158
http://dx.doi.org/10.1136/ard.2008.105197
http://dx.doi.org/10.1136/ard.2008.092932
http://dx.doi.org/10.1002/art.23940
http://dx.doi.org/10.1056/NEJMoa1112802
http://dx.doi.org/10.1136/annrheumdis-2014-205351
http://dx.doi.org/10.1136/annrheumdis-2013-203523
http://dx.doi.org/10.1136/annrheumdis-2015-207281
http://dx.doi.org/10.1002/acr.22384
http://dx.doi.org/10.1136/annrheumdis-2015-eular.1272
http://dx.doi.org/10.1002/acr.22110
http://dx.doi.org/10.3899/jrheum.140665
http://dx.doi.org/10.1136/annrheumdis-2015-207628
http://dx.doi.org/10.1016/j.clinthera.2010.07.021
http://dx.doi.org/10.1016/j.jaci.2005.12.1303
http://dx.doi.org/10.1136/annrheumdis-2015-eular.5482
http://dx.doi.org/10.1016/j.jbspin.2016.04.013
http://dx.doi.org/10.1016/j.jbspin.2016.04.013
http://dx.doi.org/10.2147/BTT.S97234
http://dx.doi.org/10.1002/acr.21847
http://dx.doi.org/10.1136/annrheumdis-2011-201282
http://dx.doi.org/10.1007/s10067-014-2857-y
http://dx.doi.org/10.1093/rheumatology/ket017
http://dx.doi.org/10.1093/rheumatology/ket017
http://dx.doi.org/10.1136/annrheumdis-2013-204769
http://dx.doi.org/10.1002/art.39169

	Low immunogenicity of tocilizumab in patients with rheumatoid arthritis
	Abstract
	Introduction
	Patients and methods
	Study designs
	Sampling
	Immunogenicity assessment strategy and assays
	PK assay
	Analyses

	Results
	Patient population
	Incidence of ADA development and effect on safety and efficacy following TCZ-SC or TCZ-IV all-exposure
	Incidence of ADA development and effect on safety and efficacy following TCZ monotherapy or in combination with csDMARDs
	TCZ-washout samples
	Immunogenicity in patients who missed doses
	Pharmacokinetics

	Discussion
	References


