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Objectives: To evaluate the long-term efficacy and safety of tocilizumab (TCZ) in clinical
patients with rheumatoid arthritis (RA) refractory to synthetic disease-modifying antirheumatic
drugs, anti-tumor necrosis factor agents, and B-cell depletion therapy with rituximab (RTX).
Methods: We conducted a single-center retrospective study of 22 patients with RA treated with
TCZ. We collected data including demographics and medication histories. We recorded clinical
parameters including tender joint counts and swollen joint counts, and laboratory parameters
including inflammatory makers and lipid profiles over regular intervals of TCZ treatment.
Results: In all, 22 patients with RA were included, 20 of whom were female. The median age
at the first dose of TCZ was 62 years (range: 35–75 years). The mean duration of the disease
from diagnosis with RA to May 2015 was 15.7 years (range: 6–30 years). A total of 15 out of
22 patients remained on TCZ at the end of the study, and in all, there was an improvement in
markers of disease activity following initiating TCZ. The effect was sustained for a mean of
35 months (SD ±15.5 months, range: 9–72 months). Of the 17 patients who failed to respond to
RTX previously, 12 patients remained on TCZ. In all, eight out of 22 patients developed adverse
events, five of whom discontinued TCZ. In contrast to previously documented short-term data,
TCZ did not result in a statistically significant (P,0.05) long-term deterioration in lipid profile
for any of the lipid parameters measured in our cohort (mean ± SD at initiation of TCZ to most
recent follow-up: total cholesterol 5.25±1.05 to 5.28±0.77 mmol/L, high-density lipoprotein
1.72±0.54 to 1.67±0.43 mmol/L, low-density lipoprotein 3.05±0.98 to 2.98±0.81 mmol/L, and
cholesterol to high-density lipoprotein ratio 3.41±1.23 to 3.40±1.22).
Conclusion: The efficacy of TCZ in patients with RA refractory to disease-modifying drugs,
including anti-tumor necrosis factor blockade and RTX, is sustained over 3 years. TCZ confers
a good safety profile in the long term even in patients who previously developed adverse events
to other rheumatic drugs. In the long run, there is no statistically significant deterioration in
lipid profile during treatment with TCZ.
Keywords: tocilizumab, rheumatoid arthritis, refractory rheumatoid, long term, efficacy, safety,
tolerability
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Rheumatoid arthritis (RA) is an inflammatory autoimmune process, and the dysregulated overproduction of interleukin-6 (IL-6) plays an important role in its pathogenesis.
Tocilizumab (TCZ) is a humanized monoclonal antibody targeting the IL-6 receptor
and is recommended for use in RA.1
TCZ efficacy in the treatment of RA that has failed to respond to synthetic diseasemodifying antirheumatic drugs (sDMARDs), such as methotrexate, and biologic
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disease-modifying antirheumatic drugs (bDMARDs),
such as anti-tumor necrosis factor (TNF) agents, is well
documented.2–4 Furthermore, there is evidence demonstrating
good outcomes with TCZ in patients who have disease refractory to B-cell depletion with rituximab (RTX), a chimeric
monoclonal antibody targeting CD20 B-cells, with up to 18
months’ follow-up.5,6 Long-term data, however, on the efficacy, safety, and tolerability of TCZ in RA that is refractory
to sDMARDs, anti-TNF, and RTX are lacking.
Two major considerations when using TCZ in clinical practice are its immunosuppressive effects such as neutropenia and
increased rate of infection,7–9 and the negative influence on lipid
profile. It has been suggested that the rate of infection associated with TCZ is higher in clinical practice than in research
populations, particularly in patients who have had a longer
duration of disease and previous treatment with sDMARDs
and bDMARDs.10 The relationship between adverse effects to
previous disease-modifying antirheumatic drugs (DMARDs)
and subsequently to TCZ has yet to be fully explored.11
Evidence suggests that in the first 6 weeks of treatment,
TCZ adversely impacts low-density lipoprotein (LDL) cholesterol levels and fasting and postprandial triglyceride levels
in patients with RA due to changes in hepatic LDL-receptor
expression.12 Since RA alone is an independent risk factor
for the development of atherosclerotic disease,13 any potential
additional risk conferred by treatment is to be taken seriously.
Again, however, long-term data regarding changes in patient
lipid profiles following TCZ use are lacking.
We therefore set out to determine the long-term efficacy,
safety, and tolerability of TCZ in patients with RA refractory
to sDMARDs and bDMARDs, including anti-TNF therapy
and RTX.

Methods
We performed a retrospective data collection on all patients
diagnosed with RA, as defined by the American College of
Rheumatology criteria, who had ever received TCZ as of
May 1, 2015, in our department at Charing Cross Hospital
(London, UK), an inner city teaching hospital.
We collected data including demographics, duration of diagnosis of RA, and staging of the disease. Any previous antirheumatic therapy and the reasons for failing previous sDMARDs and
bDMARDs were identified. Follow-up from the first dose of TCZ
and the number of cycles of TCZ received were determined.
We recorded clinical parameters including tender joint
counts and swollen joint counts. We recorded laboratory
parameters, including erythrocyte sedimentation rate (ESR),
C-reactive protein, liver function tests, and lipid profiles with
serum cholesterol, high-density lipoprotein (HDL), LDL, and
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cholesterol/HDL ratio. Using the clinical parameters and the
inflammatory markers, we calculated the 28 joint count ESRbased disease activity score (DAS-28-ESR) and used this to
assess TCZ efficacy. All the parameters were recorded at 3, 6,
12, 24, 36, and 48 months after the first dose of TCZ and at the
most recent follow-up appointment as of May 1, 2015.
Ongoing or historic use of lipid-lowering therapy was
ascertained by reviewing patient’s medical records and
corroborated by contacting patient’s general practitioners.
We also recorded if any of the patients in our study had
ever received a diagnosis of angina, myocardial infarction,
peripheral vascular disease, or a cerebrovascular event, by
the cutoff date of May 1, 2015.
We performed a statistical analysis using GraphPad Prism
software Version 5. The Wilcoxon matched-pairs signed-rank
test was used to assess significant differences (P,0.05) in
parameters.
Advice was sought regarding ethical approval, and as no
confidential attributable data were handled by researchers
outside the clinical team, neither ethical approval nor specific
patient consent was deemed necessary. There was no external
funding for this work.

Results
Patient cohort
Table 1 summarizes the characteristics of the patient cohort and
their antirheumatic treatment. In all, 22 patients with RA were
included, 20 of whom were female. The median age at the first
dose of TCZ was 62 years (mean ± standard deviation [SD]
age 58.8±9.4 years, range: 35–75 years). In all, 20 patients had
seropositive RA, defined as either a serum rheumatoid factor
level .20 IU/mL or an anti-cyclic citrulinated peptide antibody
level .5 units/mL (both of these represent the upper limit of
the reference range for our laboratory). In all, 14 patients had
erosive disease on the most recent radiography as defined
by a radiology erosion score .0. The median duration from
diagnosis with RA to May 1, 2015, was 15 years (mean ± SD
duration 16±7.2 years, range: 6–30 years).
The mean follow-up from receiving the first dose of TCZ
to May 2015 was 35 months, and the median was 28 months.
A total of nine patients (41%) were followed up for more than
36 months after starting TCZ.
Of the 22 patients treated with TCZ, the majority (n=17)
received it after failing anti-TNF and RTX treatment. Three
patients received it as a first-line bDMARD after sDMARDs
and two received it as a second-line biologic treatment after
anti-TNF therapy.
The median number of DMARDs (both synthetic and
biologic, excluding prednisolone) failed (due to intolerance
Biologics: Targets and Therapy 2016:10
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Table 1 Patient demographics and drug histories
Age
(years)

Sex

Ethnicity

Duration
of disease
(years)

Previous DMARDs

Reason for
discontinuing
RTX

RTX
to TCZ
(months)

TCZ
treatment
(months)

Follow-up
(months)

Current
treatment

MTX, SSZ, Aza,
etanercept, RTX
MTX, SSZ, HCQ,
etanercept,
adalimumab, RTX
MTX, SSZ, HCQ,
etanercept, RTX
MTX, etanercept,
adalimumab, RTX
MTX, Aza, adalimumab
MTX, HCQ, etanercept,
RTX, infliximab
MTX, SSZ, HCQ,
adalimumab, RTX
MTX, HCQ,
etanercept, RTX
SSZ, Lef, etanercept,
adalimumab, RTX
MTX, SSZ, HCQ,
etanercept, RTX
MTX, SSZ, HCQ,
penicillamine,
adalimumab, RTX
MTX, HCQ
MTX, SSZ, HCQ,
etanercept,
adalimumab,
infliximab, RTX
MTX, SSZ, HCQ
MTX, adalimumab,
RTX

No effect

5

12

10

No effect

4

57

58

CS, TCZ,
MTX
TCZ, SSZ

No effect

14

47

47

No effect

14

44

49

N/A
No effect

N/A
8

28
67

28
69

No effect

7

54

56

TCZ
CS, TCZ,
MTX, HCQ
TCZ, MTX

Intolerant

26

25

25

TCZ, MTX

No effect

14

5

12

Intolerant

12

6

9

CS, TCZ,
SSZ,
CS, TCZ

No effect

8

29

37

TCZ

N/A
Intolerant

N/A
24

24
53

25
52

TCZ
TCZ, MTX

N/A
No effect

N/A
7

17
31

20
39

TCZ
TCZ, MTX

MTX, etanercept,
RTX, certolizumab
MTX, SSZ, HCQ
MTX, SSZ, etanercept
MTX, SSZ, etanercept,
RTX
MTX, etanercept,
adalimumab, RTX
MTX, SSZ, HCQ,
Lef, etanercept, RTX
MTX, Lef, etanercept,
adalimumab, RTX

No effect

32

5

28

CS, Aba

N/A
N/A
No effect

N/A
N/A
15

2
1
1

21
19
13

Aba
Enbrel
CS

No effect

27

57

72

CS, Aba

No effect

8

9

24

CS

No effect

16

24

54

CS

Patients continuing TCZ
63

Female

C

19

47

Female

C

8

65

Female

A

18

63

Female

A

15

53
51

Male
Female

C
ME

7
24

35

Female

C

10

70

Female

C

14

59

Female

A

22

63

Female

A

12

65

Female

C

27

49
53

Female
Female

Ch
A

9
30

75
67

Female
Female

C
C

6
Not
recorded

TCZ, MTX,
HCQ
TCZ, MTX

Patients discontinued TCZ
67

Female

C

15

53
45
69

Female
Female
Male

H
C
C

9
8
29

64

Female

C

12

62

Female

AC

21

56

Female

A

16

Notes: Ethnicity was determined based on the documented patient ethnicity in the medical records. The duration of disease is the time from the diagnosis of rheumatoid
arthritis to May 2015; the duration of RTX to TCZ is the duration from the last dose of RTX to the first dose of TCZ in months; TCZ treatment is the duration from the
first dose of TCZ to the last dose of TCZ in months with a cutoff of May 2015; and follow-up is the duration from the first dose of TCZ to the most recent follow-up
appointment in months with a cutoff of May 2015. The current treatment is the DMARD therapy the patient was receiving at his or her most recent appointment up to May 2015.
Abbreviations: DMARDs, disease-modifying antirheumatic drugs; RTX, rituximab, TCZ, tocilizumab; C, Caucasian; MTX, methotrexate; SSZ, sulfasalazine; Aza, azathioprine; CS,
corticosteroids; HCQ, hydroxychloroquine; A, Asian; N/A, not applicable; ME, Middle-Eastern; Lef, leflunomide; Ch, Chinese; H, Hispanic; AC, Afro-Caribbean; Aba, Abatacept.

or inadequate benefit) prior to the introduction of TCZ was
4.5 drugs. In all, 13 patients (59%) were on prednisolone
orally at the time of starting TCZ and the dose did not exceed
10 mg daily.
Biologics: Targets and Therapy 2016:10

Efficacy
Before the introduction of TCZ, all 22 patients had persistently high DAS-28-ESR (DAS-28-ESR .5.1, mean ± SD
6.9±1.7, Figure 1) despite trying at least two sDMARDs. All
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patients showed a reduction from baseline in the number of
swollen and tender joints (Figure 1A and 1B, respectively).
At the most recent follow-up, TCZ therapy was associated
with reduced levels of ESR from 37.5±24.3 mm/h at baseline
to 10.7±6.5mm/h, and C-reactive protein from 23.6±35.5 to
1.1±1.8 mg/L.
In all, 15 patients remained on TCZ at the end of the study
(May 2015, mean follow-up 35 months), eight of whom were
followed up for more than 36 months. In these 15 patients,
there was a significant reduction in baseline DAS-28-ESR from
6.9±1.7 to 2.7±0.9 (mean ± SD). In all, nine (60%) were good
responders according to European League Against Rheumatism
(EULAR) criteria (DAS-28-ESR ,3.2) and six (40%) were
moderate responders (DAS-28-ESR between 3.2 and 5.1).
Upon initiating TCZ, all patients in the group were
already receiving at least one other DMARD (Table 1). However, following treatment with TCZ, five patients successfully
achieved disease control on TCZ monotherapy. In addition,
nine patients were being treated with oral prednisolone at the
starting (mean dose of 6.4 mg daily, median 5 mg), of which
four were able to discontinue the steroids. The average dose of

Previous therapy with bDMARDs
A total of 17 patients in our study group were defined as
having anti-TNF- and RTX-refractory disease. The median
interval between the last dose of RTX and the first dose of
TCZ was 14 months (range: 4–32 months). Ten patients
received only one cycle of RTX (2×1 g RTX, given 1–2 weeks
apart) and seven patients received more than one.
Figure 2 summarizes the retention of TCZ following RTX
therapy. In all, 14 out of 17 patients (82.4%) discontinued
RTX due to inefficacy. Of these 14 patients, five (35.7%) also
later discontinued TCZ – two (40%) due to inefficacy and
three (60%) due to intolerance. The remaining nine (64.3%)
continued on TCZ treatment. three patients were intolerant
to RTX and all three (100%) remained on TCZ.

Safety and tolerability
In all, eight out of 22 (36.4%) patients experienced an adverse
reaction to TCZ (Table 2).
B

30
**

**

**

***

***

20

10

0
0

3

12

24

Number of swollen joints

Number of tender joints

A

daily prednisolone for the remaining five patients following
TCZ treatment was 3.3 mg daily (median 5 mg).

25
**

20

***

***

10
5
0
0

Months after starting TCZ

3

12

24

MR

Months after starting TCZ

D
15
150

**
**

**

**

**

**

100

50

0
0

3

12

24

MR

Months after starting TCZ

DAS-28-ESR

Erythrocyte sedimentation
rate (mm/h)

**

15

MR

C

**

**

**

**

***

10

5

0

0

3

12

24

MR

Months after starting TCZ

Figure 1 Clinical and laboratory parameters before and during treatment with TCZ.
Notes: (A) Tender joint count, (B) swollen joint count, (C) ESR, and (D) DAS-28-ESR before and after treatment with TCZ. The mean time from the first dose of TCZ to
MR was 35 months (median 28 months). **P,0.05, ***P,0.001 compared to baseline. The horizontal axis in all graphs is non-linear.
Abbreviations: TCZ, tocilizumab; ESR, erythrocyte sedimentation rate; DAS-28-ESR, disease activity score-28 joint count-erythrocyte sedimentation rate; MR, most recent
follow-up up to May 2015.
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Patient group
n=22
No previous
RTX
n=5
Previous RTX
n=17

RTX not
tolerated
n=3

Discontinued
TCZ
n=0

RTX ineffective
n=14

Remained on
TCZ
n=3

Discontinued
TCZ
n=5

TCZ not
tolerated
n=3

Remained on
TCZ
n=9

TCZ ineffective
n=2

Figure 2 A flowchart to demonstrate the number of patients treated with RTX who developed inefficacy or intolerance to the treatment and their subsequent retention
of TCZ treatment.
Note: n= number of patients.
Abbreviations: RTX, rituximab; TCZ, tocilizumab.

Of these eight patients, five discontinued the treatment:
three after the first dose and two after the second dose. One
patient developed anaphylaxis following the first dose, and
three patients experienced significant sepsis, including discitis, urinary tract sepsis complicating diverticulitis, and chest
sepsis. The patient who developed diverticulitis had been on
TCZ for 57 months.
In all, three out of these eight patients continued TCZ:
one after developing shingles and two after an episode of
neutropenia (white cell count ,1.0×109/L). For two patients,
the frequency of treatment administration was reduced from
monthly to 6 weeks, and for the third, the dose was reduced
from 8 to 4 mg/kg.
Two patients developed neutropenia: one of them had a
history of methotrexate-associated neutropenia; however,
neither had developed neutropenia after treatment with RTX.
Two patients who had discontinued RTX due to neutropenia
continued on TCZ with no significant side effects.
All patients underwent 3 months monitoring of liver
function tests according to our standard guidelines with the
Biologics: Targets and Therapy 2016:10

intention of stopping or modifying TCZ therapy if the alanine
aminotransferase rose to greater than twice the upper limit of
the reference range. This did not occur in any of our patients
(data not shown).

Lipid profile and cardiovascular events
Total serum cholesterol levels, HDL and LDL levels, and cholesterol/HDL ratios were analyzed at 3, 12, 24, and 36 months,
and at the most recent follow-up during TCZ treatment. One
patient was on lipid-lowering therapy (ezetimibe) before commencing TCZ and was therefore excluded from this analysis.

Table 2 Adverse events experienced on tocilizumab and the
number of patients for each adverse event, in order of frequency
Adverse event

Number of patients

Sepsis
Significant neutropenia (,1.0(109/L))
Anaphylaxis
Flare of rheumatoid arthritis
Shingles

3
2
1
1
1
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Four patients discontinued TCZ within 6 months and were
also excluded.
Six out of the remaining 17 patients (35.3%) were started
on lipid-lowering therapy at a median of 13 months (range:
1–26 months) after the first dose of TCZ (four received simvastatin and two atorvastatin). The reason for starting lipidlowering therapy in these patients was primary prophylaxis
in two patients; however, no cause could be determined in
four patients. Among the eleven remaining patients not on
lipid-lowering therapy, there was a trend to an increase in
mean LDL and cholesterol/HDL ratio in the first 3 months
after TCZ was initiated, although this did not reach statistical significance of P,0.05. Overall, there was no significant
change in any of the lipid parameters at any time point
(Figure 3). If patients who had started lipid-lowering therapy
were included in the analysis, there was still no statistically
significant change in lipid profile compared to baseline in
the long run (data not shown).
At the most recent follow-up, none of the patients had
been diagnosed with a transient ischemic attack or stroke. One
patient had had a myocardial infarction and had undergone

Discussion
This study demonstrates that the efficacy of TCZ in patients
with RA refractory to sDMARDs and bDMARDs, including
TNF blockade and RTX, is sustained over 3 years. It also
shows a good safety profile and stable lipid profile over this
period. This is longer than previously documented follow-up
in the study.5,6
Our single-center observational study shows that in the
majority of patients who have failed to respond to previous sDMARDs and bDMARDs, including adequate B-cell
depletion, there is good long-term efficacy for TCZ at the
most recent follow-up (mean 35 months). All patients who
remained on TCZ achieved at least a moderate response
(DAS-28-ESR ,5.1) according to EULAR criteria, with
60% of patients achieving a good response (DAS-28-ESR
,3.2). This is consistent with previously documented
data regarding the use of TCZ following sDMARDs and
anti-TNF-refractory RA.2,4

B
4

8
6
4

Reference
range

2
0

0

3

12

24

HDL (mmol/L)

Cholesterol (mmol/L)

A

coronary bypass surgery and femoral artery surgery; however,
these events had preceded the commencement of TCZ.

3
2
1
0

MR

Reference
range

0

Months after TCZ

12

24

MR

Months after TCZ

D
6

4

2

0

Reference
range

0

3

12

24

Months after TCZ

MR

Cholesterol/HDL ratio

C

LDL (mmol/L)

3

8
6
4
2
0

0

3

12

24

MR

Months after TCZ

Figure 3 Lipid profile parameters before and during treatment with TCZ.
Notes: (A) Changes in serum cholesterol, (B) HDL, (C) LDL, and (D) cholesterol/HDL ratio levels. The mean time from the first dose of TCZ to MR was 35 months
(median 28 months). The horizontal axis in all graphs is non-linear; a change in lipid profiles did not reach statistical significance of P,0.05 between any of the time points
for all four parameters.
Abbreviations: TCZ, tocilizumab; HDL, high-density lipoprotein; LDL, low-density lipoprotein; MR, most recent follow-up up to May 2015.
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Our data also demonstrate sustained efficacy of TCZ
in RTX-refractory RA beyond the previously documented
follow-up of ,2 years.5 TCZ treatment was associated with
withdrawal of other DMARDs and prednisolone such that
TCZ monotherapy was achieved in five patients. This is
consistent with the evidence suggesting a steroid sparing
effect of TCZ treatment.14
In our cohort, only a minority of patients developed significant side effects requiring cessation of treatment. The side
effect profile was similar to that described in the STREAM
trial.15 Neutropenia remains a clinical concern,9 and two
patients developed this in our study. Overall, there appears
to be no clear relationship between the development of an
adverse event on TCZ, including infections, and a history of
adverse events on previous DMARDs. Therefore, our longterm data are suggestive of a good safety profile of TCZ.
The lipid profile analysis demonstrates a tendency toward
a deteriorating lipid profile in the first 3 months of starting TCZ, which is consistent with the existing evidence.12
However, there was no statistically significant difference in
lipid profile in the long run compared to baseline (Figure 3).
Moreover, in this study, only a minority of patients were
commenced on lipid-lowering therapy. On the one hand, this
may suggest that TCZ overall does not negatively impact the
lipid profile of patients’ long term as previously believed. On
the other hand, in order to confirm this, it would be helpful
to analyze patient lipid profiles without the bias of lipidlowering therapy. Still, even if those patients on lipid therapy
were included in the analysis, a change in lipid profile did not
achieve statistical significance, indicating that lipid-lowering
therapy in these patients was successful.
Crucially, none of the patients in our cohort developed
significant cardiovascular events while on TCZ. This may be
related to the known correlation between improved DAS-28
and reduced cardiovascular risk described by Rao et al.16
However, our study was not of adequate size, design, or
length to assess this fully.
In this study, only two patients discontinued TCZ due to
inefficacy. However, predicting responsiveness to TCZ can
be challenging. One earlier study found variable cytokine
profiles of serum and synovial aspirates in RA patients and
concluded that this might influence response to biologic
therapy.17 Another postulated that baseline serum IL-6 is
a potential biomarker to predict responsiveness to TCZ.18
Increased synovial IL-6 levels in a patient with anti-TNF
and RTX-refractory RA were suggested to predict a good
response to TCZ.3 Finally, Das et al suggested that in patients
with RTX-refractory RA, persistently high serum IL-6

Biologics: Targets and Therapy 2016:10
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concentrations following adequate B-cell depletion may
favor IL-6 targeted therapy rather than T-cell co-stimulation
blockade.5 Further research is needed to establish the exact
mechanism of response or resistance to TCZ.
In all, 90% of our patients were female, and the average
age at the onset of TCZ treatment was 62 years. These demographic characteristics are comparable to those documented
in the study: 79% females and a mean age of 57 years.19 The
high proportion of females could be a sampling effect due
the size of our sample.
Other limitations to our study include it being single
center, observational, and with a relatively small number of
patients. Larger, multi-center cohort studies would be needed
to confirm long-term efficacy, safety, and tolerability of TCZ
in refractory RA.
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