
Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0)

Original paper Reumatologia 2022; 60, 5: 326–331 

DOI: https://doi.org/10.5114/reum.2022.120756

Bone-sparing effects of tocilizumab in rheumatoid arthritis: 
a monocentric observational study

Suhel Gabriele Al Khayyat ID , Roberto D'Alessandro ID , Edoardo Conticini ID ,  
Serena Pierguidi, Paolo Falsetti ID , Caterina Baldi ID , Marco Bardelli, Stefano Gentileschi ID , 
Antonella Nicosia, Bruno Frediani ID  
Department of Medical Sciences, Surgery, and Neurosciences, Rheumatology Unit, University of Siena, Italy

Abstract

Introduction: Bone loss is a common feature in several autoimmune and chronic inflamma-
tory diseases, such as rheumatoid arthritis (RA). Indeed, the high levels of pro-inflammatory 
cytokines seem to enhance bone resorption and to diminish bone formation, thus producing 
an uncoupling between osteoclast and osteoblast function and favoring the onset of juxtartic-
ular as well as systemic osteoporosis. Many papers underline the high prevalence of osteopo-
rosis in RA, as well as the negative correlation between interleukin 6 (IL-6) serum levels and 
bone mineral density (BMD). The aim of this study was to assess the effectiveness of one-year 
treatment with tocilizumab (TCZ), the first approved IL-6 receptor inhibitor, in reducing bone  
loss in RA.
Material and methods: We enrolled 18 patients fulfilling 2010 ACR and EULAR criteria for RA from 
our arthritis outpatient clinic, assessing clinical and biochemical parameters during a 12-month pe-
riod. The patients received TCZ 8 mg/kg i.v. every 4 weeks and underwent dual energy X-ray ab-
sorptiometry (DXA) for the measurement of bone mineral density (BMD) at baseline and at the end 
of study. Serum levels of C-reactive protein (CRP), erythrocytes sedimentation rate (ESR), IL-6, serum 
CrossLaps, osteoprotegerin (OPG), receptor activator of nuclear factor κβ ligand (RANK-L) and dick-
kopf-1 (DKK-1) were measured at baseline, at 6 months and 1 year.
Results: No significant difference in IL-6, RANK-L, DKK-1, OPG and serum CrossLaps levels between 
baseline, 6 months and 1 year were found. A significant increase of lumbar spine BMD was evi-
denced after 1 year of TCZ treatment. No difference in total body and femoral neck BMD was docu-
mented the end of the study.
Conclusions: This study suggest the bone-sparing effect of TCZ in RA affected individuals.
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Introduction

Osteoporosis is the most common bone disorder, 
and many papers document its high prevalence in rheu-
matoid arthritis (RA) [1]. The prolonged inflammatory 
status, mediated by several inflammatory cytokines [2], 
as well as the reduced activity and the intake of gluco-
corticosteroids (GCs), may contribute to accelerated bone 
loss in RA patients.

In this regard, we aimed to assess whether tocilizumab  

(TCZ), an interleukin 6 (IL-6) inhibitor, may influence bone 

mineral density (BMD) and bone metabolism in RA.

Material and methods

In this observational, single-center study, we enrolled 

patients fulfilling 2010 American College of Rheumatol-

ogy (ACR) and European League Against Rheumatism  
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(EULAR) criteria for RA [3] and started treatment with 
TCZ 8 mg/kg intravenously every 4 weeks.

All patients underwent dual energy X-ray absorptiom-
etry (DXA) for the measurement of bone mineral densi-
ty (BMD) at baseline (T0) and after 1 year of treatment 
with TCZ (T2). Serum levels of C-reactive protein (CRP), 
erythrocyte sedimentation rate (ESR), IL-6, serum Cross-
Laps (CTX-I), osteoprotegerin (OPG), receptor activator of 
nuclear factor κβ ligand (RANK-L), and component of the 
Wnt/β-catenin signaling pathway dickkopf-1 (DKK-1) were 
measured at baseline (T0), after 6 months (T1) and after  
1 year (T2) of treatment.

Exclusion criteria were as follows: any previous dis-
ease able to impair bone metabolism and concomitant 
or previous treatments with bisphosphonates, teri-
paratide or denosumab. 

Bone mineral density measurement

Bone mineral density (BMD) was measured at 
lumbar spine (L1–L4) and whole left femur using DXA 
(Lunar Expert version 1.72); BMD was expressed in  
g/cm2. Every day an experienced physician performed 
quality control of the device. Diagnosis of osteoporo-
sis was established when T-score deviated below –2.5 
standard deviations compared with reference pop-
ulation according to the World Health Organization 
(WHO) criteria. The same densitometer was used for 
the T0 and T2 BMD evaluations.

Laboratory assessments

Erythrocyte sedimentation rate and CRP were col-
lected at baseline (T0) and after 1 year (T2). Bone turn-
over markers were evaluated at baseline (T0), after  
6 months (T1) and after 1 year (T2). 

The receptor activator of nuclear factor κβ ligand, 
DKK-1, OPG, CTX-I and IL-6 were assessed by standard 
ELISA immunoassay in accordance with the manufactur-
er’s recommendations. 

Statistical analysis

The software packages SPSS (ver. 16.0), Graph-
Pad (ver. 9.4.1 for Windows, GraphPad Software, San 
Diego, California USA, www.graphpad.com) and Med-
Calc (ver. 9.0.1) were used for the analysis. Variables 
distributions were checked with the Shapiro-Wilk 
test. Differences of mean values were evaluated with 
the Mann-Whitney U test and Wilcoxon’s test. The Kru-
skal-Wallis test was used to compare means of more 
than two groups, then post hoc Dunn’s analysis was 
performed. Spearman’s rank test was used to identify 
correlations between variables.  A p-value < 0.05 was 
considered significant. 

Bioethical standards

This study was conducted in accordance with 
the Declaration of Helsinki and its late amendments, 
moreover it was approved by the Local Ethical Commit-
tee (Rhelabus, protocol number 22271). 

Patients

We enrolled 18 patients: 14 were female, 4 male, 
mean age 53.5 ±12.03 years, mean disease duration 7.55 
±4.06 years; 6 of them interrupted TCZ treatment due to 
loss of efficacy.

Data of 12 patients were used in the statistical anal-
ysis. In the sample group, one patient had osteoporosis, 
nine osteopenia and two normal BMD. All patients had 
previously failed at least one anti-TNFα antagonist. At 
baseline, two patients were in therapy with methotrex-
ate and one with leflunomide. Patients’ epidemiological 
features are summarized in Table I.

Results

Changes of bone mineral density 
measurement at T0–T2

After 1 year of TCZ a significant increase of lumbar 
spine (L1–L4) BMD was documented (p = 0.02). Also, al-
beit not in a significant manner, an increase of total hip 
BMD as well as total body BMD was recorded (Table II).

Table I. Anthropometric, epidemiological and biochemi-
cal features of studied population at baseline (T0)

Features Value

M/F (4/14)

Age [years] 53.5 (12.03)

Disease duration [years] 7.55 (4.06)

Cumulative prednisone dose [mg] 6.29 (3.22)

Daily prednisone dose [mg] 6.87 (2.47)

BMD (total body [g/cm2]) 1.15 (1.10–1.20)

BMD (total hip [g/cm2]) 0.91 (0.88–1.00)

BMD (hip neck [g/cm2]) 0.83 (0.78–0.92)

BMD (L1–L4 [g/cm2]) 1.15 (1.10–1.20)

Serum CrossLaps [ng/ml] 0.20 (0.11–0.36)

IL-6 [pg/ml] 19.0 (7.25–55.05)

DKK-1 [pmol/l] 17.74 (9.17–28.98)

OPG [pmol/l] 3.04 (1.91–4.12)

sRANK-L [pmol/l] 0.41 (0.27–0.69)

BMD – bone mineral density, DKK-1 – dickkopf-1, F – female,  
IL-6 – interleukin 6, M – male, OPG – osteoprotegerin,  
sRANK-L – serumreceptor activator of NF-κB ligand.
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Table II. Mean bone mineral density at baseline (T0) and end of study (T2)

BMD T0 T1 Δ% p-value

Total body 1.18 (1.16–1.25) 1.19 (1.16–1.24) 0.8 0.87

Total hip 0.91 (0.88–0.99) 0.93 (0.86–1.06) 2.2 0.23

Femoral neck 0.83 (0.78–0.90) 0.82 (0.78–0.95) –1.2 0.52

L1–L4 1.15 (1.10–1.20) 1.18 (1.12–1.123) 2.6 0.02

BMD – bone mineral density.

Table III. Markers sera modifications compared to baseline (T0), 6 months (T1) and end of study (T2)

Markers T0 T1 T2 Δ% p-value

Serum CrossLaps 0.20 (0.11–0.36) 0.19 (0.11–0.31) 0.17 (0.05–0.26) –15 0.75

IL-6 19.0 (7.25–55.06) 14.75 (2.41–46.72) – –22.4 0.49

DKK-1 17.74 (9.17–28.98) 16.59 (8.05–23.13) 11.83 (7.84–18.81) –33.3 0.53

OPG 3.04 (1.91–4.12) 2.74 (1.68–3.35) 3.19 (2.23–3.97) 4.93 0.48

sRANK-L 0.41 (0.27–0.69) 0.44 (0.15–0.72) 0.40 (0.18–0.76) –2.4 0.91

DKK-1 – dickkopf-1, OPG – osteoprotegerin, sRANK-L – serum receptor activator of NF-κB ligand.

Table IV. Spearman correlation coefficient between BMD and markers after 6 (T1) and 12 months (T2)

(T1) 6 months Serum CrossLaps IL-6 DKK-1 OPG sRANK-L

BMD Total Hip 0.22 (p = 0.51) 0.33 (p = 0.39) 0.10 (p = 0.77) 0.45 (0.16) 0.01 (p = 0.97)

BMD Femoral neck 0.38 (p = 0.25) 0.50 (p = 0.17) –0.08 (p = 0.82) 0.45 (0.16) 0.02 (p = 0.96)

BMD L1–L4 –0.59 (p = 0.05) –0.70 (p = 0.04) –0.055 (p = 0.88) –0.14 (0.69) 0.04 (p = 0.89)

IL–6 0.11 (p = 0.78) – –0.17 (p = 0.67) 0.57 (0.11) –0.12 (p = 0.76)

(T2) End of study CrossLaps IL-6 DKK-1 OPG sRANK-L

BMD Total Hip 0.14 (p = 0.73) – 0.64 (p = 0.06) 0.49 (p = 0.18) –0.36 (p = 0.34)

BMD Femoral neck 0.16 (p = 0.67) – 0.55 (p = 0.13) 0.37 (p = 0.32) –0.15 (p = 0.69)

BMD L1–L4 –0.09 (p = 0.81) – 0.30 (p = 0.43) –0.52 (p = 0.15) 0.009 (p = 0.98)

BMD – bone mineral density, DKK-1 – dickkopf-1, IL-6 – interleukin 6, OPG – osteoprotegerin, sRANK-L – serum receptor activator of NF-κB ligand.

Table V. Spearman correlations between cumulative/daily dose of prednisone, bone mineral density and sera 
markers after 1 year of therapy (T2)

BMD 
Total Hip

BMD 
Femoral neck

BMD L1–L4 Serum 
CrossLaps

IL-6 DKK-1 OPG sRANK-L

Cumulative dose 0.40 
(p = 0.33)

0.67 
(p = 0.07)

0.07 
(p = 0.86)

–0.36 
(p = 0.55)

– –0.20 
(p = 0.74)

0.41 
(p = 0.49)

–0.36 
(p = 0.55)

Daily dose –0.46 
(p = 0.35)

0.18 
(p = 0.72)

–0.74 
(p = 0.09)

0.00 
(p = 1.00)

– –0.45 
(p = 0.55)

0.45 
(p = 0.55)

0.00 
(p = 1.00)

BMD – bone mineral density, DKK-1 – dickkopf-1, IL-6 – interleukin 6, OPG – osteoprotegerin, sRANK-L – serum receptor activator of NF-κB 
ligand.

Changes of biochemical markers at T0, T1 
and T2

No significant difference in IL-6, RANK-L, DKK-1, OPG 

and serum CrossLaps levels at T0, T1 and T2 were found.  

Nevertheless, a decreasing trend was evidenced in 
serum CrossLaps, dickkopf-1 (DKK-1) and IL-6 levels. 
The small sample size did not allow these changes to be 
defined as significant. Interleukin 6 displayed a reduc-
tion of 4.25 pg/ml (22.4%), whereas DKK-1 showed a re-
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duction of 5.91 pmol/l (33.3%) (Table III). At T2 significant 
reductions of ESR (33.05 ±28.05 vs. 17.09 ±27.05 mm/h, 
p < 0.02) and CRP (5.17 ±10.49 vs. 0.4 ±0.78, p < 0.01) 
were noted compared to baseline. 

Bone mineral density and bone turnover 
markers

A negative correlation between lumbar spine BMD 
and IL-6 (–0.70, p = 0.04), as well as spine BMD and se-
rum CrossLaps (r = –0.59, p = 0.05) were identified at  
6 months from baseline. A positive albeit not signifi-
cant correlation between total hip and femoral neck 
BMD and OPG (r = 0.45) was documented. No signifi-
cant correlation was found between bone mineral den-
sity and bone markers after 1 year of therapy with TCZ 
(Table IV).

Correlation between cumulative and daily 
dosage of prednisone and bone mineral 
density and serum markers at T2

A positive correlation between cumulative dose 
of prednisone and BMD at femoral neck (r = 0.67, 
p < 0.05) and total hip (r = 0.40, p = 0.33) was assessed. 
An inverse correlation between total hip BMD (r = –0.46, 
p = 0.35) and lumbar spine BMD (r = –0.74, p < 0.05) was 
related to the daily dose of prednisone intake (Table V).

Discussion

Rheumatoid arthritis patients have a greater preva-
lence of osteoporosis and bone loss compared to healthy 
individuals of same age and gender [1]. Age, alongside 
with low physical activity and low estrogens levels, is  
a well-known cause of secondary osteoporosis in 
healthy subjects; the same pathological mechanisms 
act in RA patients, enforced by the high inflammatory 
load as well by the chronic GC therapy, impairing bone 
metabolism. 

Several studies on the immunological mechanisms 
have provided new insights in understanding inflam-
matory and immunologically mediated bone loss. It has 
been demonstrated that high levels of rheumatoid fac-
tor and anti-citrullinated antibodies (ACPA) are linked to 
an accelerated juxta-articular as well systemic bone loss 
[4, 5] by directly promoting pre-osteoclast differentiation 
via RANK-L, thus leading in an uncoupling between bone 
resorption and formation. 

Moreover, a high inflammatory load is capable of un-
balancing bone homeostasis acting on the RANK-L/OPG 
ratio and affecting simultaneously bone formation and 
resorption [6, 7]: osteoclasts differentiation is enhanced 
by tumor necrosis factor α (TNF-α) through a mecha-

nism involving activation of RANK-L [8], while osteoblas-
togenesis is contemporary reduced by DKK-1 induced by 
TNF-α [9]. 

The decrease of Wnt pathway activation leads to  
reduced differentiation and function of osteoblasts and 
to reduced production of OPG, causing an imbalance  
in the RANK-L/OPG ratio. Moreover, IL-1, IL-6 and IL-17 
are capable of directly increasing  RANK-L expression, 
thus promoting osteoclastogenesis and bone resorption 
[8, 10, 11]. 

The IL-6, whose serum levels have a significant in-
verse correlation with T-score and BMD [8], is a potent 
stimulator of osteoclast-induced bone resorption play-
ing a synergic role with TNF-α [12] and IL-1 [10]. 

Indeed, IL-6 is capable of influencing osteocyte me-
tabolism: even in physiological conditions, apoptotic 
osteocytes secrete IL-6, which promotes expression of 
the adhesion molecule ICAM-1 on osteoclast precursors. 
Moreover, this cytokine increases the differentiation 
of Th17 cells [13] which in turn enhance osteoclastogen-
esis and osteoclast activity.

Furthermore, several papers have documented the 
deleterious effects of IL-6 on bone: thus, IL-6 inhibition 
may be a promising tool in controlling systemic inflam-
mation and bone loss in RA. The first study on IL-6 effects 
on bone metabolism was performed in vitro by Axmann 
et al. [14] demonstrating that IL-6R neutralization was 
able to reduce osteoclast differentiation and bone loss in 
murine cell cultures stimulated with RANK-L.

Subsequently, different studies performed in hu-
mans evaluated the effectiveness of TCZ, the first regis-
tered monoclonal antibody anti-IL-6 receptor, in reducing 
osteoclasts activation. In 2010, a sub-study of OPTION 
trial [15] detected a significant increase of bone forma-
tion markers and a reduction of bone resorption mark-
ers in patients treated with TCZ. 

In 2012, the RADIATE study [16] confirmed these 
findings: TCZ significantly reduced the levels of CTX 
and simultaneously augmented neoformation markers. 
Another study investigating the effect of TCZ on bone 
metabolism, performed by Terpos et al. [17], reported 
the reduced serum levels of DKK-1 and increased OPG/
RANK-L ratio after 2 months of TCZ.

Furthermore, a histological evaluation in 10 RA 
patients documented an increase in OPG bone mar-
row expression after TCZ treatment  [18]. Subsequent 
BMD evaluations of RA patients treated with TCZ were 
made by Kume et al. [19] in 2014 and Briot et al. [20] 
in 2015, although these researchers  reported different 
outcomes: the former demonstrated an increase in 
BMD of osteopenic patients, while the latter did not 
find any significant change. Indeed, other evidence 
suggests a synergistic effect between denosumab and 
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TCZ, which appeared more effective than TNF-α or aba-
tacept plus denosumab in preventing bone loss in RA 
patients [21]. 

A more recent prospective study published by Chen 
et al. [22] revealed a positive effect of bone metabolism 
through the IL-6 inhibition in RA patients: after the TCZ 
treatment an increase of femoral BMD as well as a CTX 
reduction was documented, but the osteocalcin and 
the P1NP levels did not change from the baseline. Inter-
estingly, the abovementioned findings were observed 
only in ACPA positive patients, underlining the close 
correlation between ACPA and bone loss in RA. 

Moreover, other than being associated with a high 
fracture risk and bone metabolism impairment, RA is 
characterized by an increased cardiovascular risk [23].  
Some papers suggested that high levels of IL-6 in RA 
may lead to a QTc prolongation [24] thus leading to 
an increased risk of developing malignant arrhyth-
mias such as torsades de pointes by acting on h-ERG  
potassium channels [25]. 

Several studies suggest that osteoporosis and car-
diovascular diseases are driven by the same pathoge-
netic pathways [26] and it would be interesting in future 
to assess in real life scenarios if blocking IL-6 activity 
both in bone and cardiac muscle would produce a con-
comitant reduction in cardiovascular events and frac-
tures in RA patients.

In our cohort, we observed a significant raise of lum-
bar spine BMD and the raise of total hip BMD, without 
further loss of femoral neck and total body BMD, con-
firming the bone sparing effect of IL-6 antagonism.

These results may be explained by the reduction 
of cytokine inflammatory burden, the reduction of 
bone resorption via RANK-L system and the increase 
of bone formation markers due to the decreased ac-
tivity of DKK-1. In other words, the beneficial effects 
of TCZ therapy may re-equilibrate the RANK-L/OPG ra-
tio and re-establish a normal bone turnover, thus re-
ducing bone loss. 

We obtained similar results in an our previously 
published paper [27]; rituximab (RTX), after an obser-
vational period of 18-months, was associated with 
an increase of lumbar spine BMD in RA patients. More-
over, the results reported in this paper may be ex-
plained by the concomitant reduction of ESR and CRP 
at end of study compared to baseline, strengthening  
the hypothesis that the low disease activity or the re-
mission may exert bone-sparing effects in RA patients. 
Nevertheless, TCZ is a molecule which intrinsically 
suppresses IL-6 and CRP production, therefore disease 
activity in this subset of patients should be evaluated 
with other tools. 

Indeed, we found a negative correlation between  
daily dose of prednisone and lumbar spine BMD 
and a positive correlation between cumulative dose 
of prednisone and femoral BMD: this evidence could 
be explained by the fact that low doses of predni-
sone for a long time may produce beneficial effects 
on bone metabolisms by inhibiting the inflammatory  
cascade. 

An improvement of BMD in RA patients undergoing 
a GC treatment was already reported by Angeli et al. [28]  
and Wijbrandts et al. [29]: the former documented 
an improvement of hands BMD in early RA patients 
treated with GCs, while the latter observed an increase 
of femoral BMD in patients undergoing GC therapy. 

Furthermore, these findings are in accordance with 
those previously reported by our research group: intra- 
venously administered GCs does not negatively affect 
BMD of RA patients [30].

Study limitations

The present study has several limitations: the small 
sample size, the lack of a control group and the lack 
of disease activity measurements do not allow the gen-
eralization of our results. 

Conclusions

We suggest that TCZ may exert osteoprotective 
effects on BMD in RA individuals and we believe that 
these effects are grounded in the reduction of disease 
activity and in RANK-L/OPG ratio normalization, thus re-
ducing inflammatory burden. 

Indeed, the reduction of ESR and CRP at T2 compared 
to baseline may reflect an inverse relationship existing 
between disease activity and BMD; therefore, larger pro-
spective studies are needed to confirm these findings. 

The authors declare no conflict of interest.
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