
502 Clinical and Experimental Rheumatology 2019

Rheumatology Unit, Department of 
Clinical and Experimental Medicine, 
University of Pisa, Italy.
Ombretta Di Munno, MD
Francesco Ferro, MD
Please address correspondence to:
Dr Francesco Ferro, 
U.O. di Reumatologia, 
Dipartimento di Medicina Clinica 
e Sperimentale, 
Università di Pisa
Via Roma 67, 
56126 Pisa, Italy.
E-mail: francescoferrodoc@gmail.com
Received on May 20, 2018; accepted in 
revised form on August 2, 2018.
Clin Exp Rheumatol 2019; 37: 502-507.
© Copyright Clinical and 
Experimental Rheumatology 2019.

Key words: biologics, bone 
homeostasis, fracture, rheumatoid 
arthritis, spondyloarthropathies

Competing interests: none declared.

ABSTRACT
Osteoporosis (OP) and increased frac-
ture risk are widely observed comorbid-
ities in chronic inflammatory rheumatic 
diseases (CIRDs). Improved knowledge 
of the immune/inflammatory pathways, 
which characterise the pathophysiology 
of rheumatoid arthritis (RA) and sero-
negative spondyloarthropathies (SpA), 
such as ankylosing spondylitis (AS) and 
psoriatic arthritis (PsA), have provided 
the link between inflammation and bone 
loss, via a complex network of bone 
cells, T and B cells, pro-inflammatory 
cytokines such as TNF-α, IL1, IL6, IL17, 
IL23, costimulator molecules, signal-
ling pathways including both RANKL/
RANK/OPG and Wnt signallings. The 
complex osteoimmunologic network in 
CIRDs suggested that the powerful anti-
inflammatory activity of biologic drugs, 
beyond the control of the disease, was 
likely to reduce OP and fracture risk. In 
this respect, the available data deriving 
from clinical and experimental studies, 
conducted with TNF-α, IL6 and IL1 
blockers, and B and T cell therapies, 
have demonstrated a beneficial effect 
on bone mineral density (BMD) and/or 
bone turnover markers (BTs). However, 
whether these drugs are able to posi-
tively influence also fracture risk has 
not yet been established, since the data 
available are sparse and inconclusive. 
Thus, systemic bone loss and increased 
fracture rates still remain relevant co-
morbidities that should be considered 
for screening and prevention, and prop-
er treatment of patients with CIRDs de-
spite the biologic therapy.

Introduction
Systemic bone loss with osteoporosis 
(OP) and increased fracture rates are 
widely observed in chronic inflam-
matory rheumatic diseases (CIRDs), 
including rheumatoid arthritis (RA), 

ankylosing spondylitis (AS) and pso-
riatic arthritis (PsA) (1-6). During 
last EULAR initiative some important 
points that deserve to be considered in 
the course of CIRDs in order to report, 
screen and prevent comorbidities have 
been selected, OP has been included by 
the Task Force in the six selected co-
morbidities to focus on (7).
Local and systemic production of 
pro-inflammatory cytokines, such as 
TNF-α, IL1β, IL6, IL17, IL23 is central 
to the pathogenesis of inflammation-
induced bone loss and contribute to 
the uncoupling of osteoclast-mediated 
bone resorption and osteoblast-medi-
ated bone formation, thereby disrupt-
ing normal remodelling. In the last few 
decades, better understanding of the 
immune/inflammatory pathways which 
regulate synovial inflammation and 
bone loss has led to the modern view 
of the osteoimmunologic network of 
osteoclasts (OCs) with other cells, par-
ticularly osteoblasts, osteocytes, syno-
vial fibroblast-like cells and activated T 
and B cells (8-13).
RANKL/RANK/OPG and canonical 
Wnt-signalling pathways also play a 
critical role in this complex network. 
RANKL is an essential factor for os-
teoclast differentiation, activation 
and survival (10) and its expression is 
up-regulated by pro-inflammatory cy-
tokines (11, 12, 14). In contrast, Wnt-
signalling, a key regulatory pathway 
for bone formation by osteoblasts (15, 
16), is down-regulated by pro-inflam-
matory cytokines through the induction 
of its antagonists Dickkopf1(DKK1) 
and sclerostin (11, 12, 17). DKK1 is 
considered a master regulator of joint 
remodelling (18) and its expression 
has also been shown to contribute to 
systemic bone loss by inducing in turn 
the other antagonist sclerostin to further 
inhibit Wnt-signalling (15, 19). TNF-α 
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is a strong inducer of osteoclastogen-
esis through elevated expression of 
RANKL and directly by increasing the 
expression of osteoclast-associated re-
ceptor (OSCAR), a key costimulatory 
molecule in osteoclastogenesis (11, 12). 
TNF-α also inhibits osteoblastogenesis 
by enhancing the expression of the Wnt 
antagonist DKK1 and directly by inhib-
iting transcription factors Runx2/Cbfa 
and osterix which are essential regula-
tors of osteoblast differentiation (9, 11, 
12, 20).
TNF-α and IL1β are synergistic in pro-
moting bone loss, as TNF-α induces 
IL1β and the IL1β receptor in stromal 
cells, while IL1β in turn mediates TNF-
α-induced osteoclastogenesis both in 
vitro and in vivo (11, 21). IL1β up-regu-
lates RANKL expression, thus stimulat-
ing osteoclastogenesis (11, 21) and de-
creasing the apoptotic rate of preformed 
OCs to further promote bone resorption 
(11). Furthermore, IL1β induces secre-
tion of prostaglandin E2 to increase 
bone resorption and down-regulates 
osteoblastogenesis by increasing the ex-
pression of the Wnt antagonists DKK1 
and sclerostin (21). IL6 is another pro-
inflammatory cytokine abundantly pre-
sent in blood circulation, which may 
have a major role in the development of 
systemic OP (20). IL6 is a pleiotropic 
cytokine strongly connected to osteo-
clast physiology, as it interacts syner-
gistically with IL1β and TNF-α to sup-
port the fusion of osteoclast precursors, 
prolong the survival and increase the 
activity of mature osteoclasts mainly 
through RANKL-mediated pathways 
(22). In contrast to other soluble recep-
tors, the soluble IL6-receptor (IL6-R) 
serves as an agonist of IL6; the IL6/IL6-
R complex activates the osteoclastogen-
ic pathway mediated by Janus inases 
(JAKs), which dramatically contributes 
to joint destruction (20, 23). IL6 plays 
also a critical role in the generation of 
pro-inflammatory Th17 cells, thereby 
enhancing IL17 levels (11). Apart from 
its osteometabolic effects, IL6 takes an 
endocrine role through the activation of 
the hypothalamic-pituitary-adrenal axis 
by IL1 and TNF-α, which leads to the 
release of glucocorticoids which con-
tribute in bone loss (20).
IL17 is the most recently described sub-

class of pro-inflammatory cytokines, 
enhancing the production of TNF-α, 
IL1β and IL6 and vice versa. In addi-
tion, IL17 directly stimulates the ex-
pression of RANKL and prostaglandin 
E2 (12, 13, 22, 24). This cytokine is in 
large amount expressed by Th17 cells, 
a new subset of Th-cells which are an 
important trigger for focal and systemic 
bone loss in CIRDs. The mechanisms 
related to Th17 differentiation ap-
pear to involve IL1α and IL6, but also 
IL23, which plays a paramount role in 
maintenance of Th17 population (IL23/
Th17- axis) (13, 24). Although pro-in-
flammatory cytokines and T cells have 
been suggested to provide the essential 
link between inflammation and bone 
loss, other mechanisms are additionally 
involved. Along with activated T cells, 
B cells express RANKL and IL6, there-
fore contributing to osteoclastogenesis. 
Moreover, B cells differentiate into 
plasma cells which inhibit bone forma-
tion through the expression of the Wnt 
antagonist DKK1 (8). On the contrary 
CTLA4, a T cell-associated antigen, 
contributes to the anti-osteoclastogenic 
effect of Treg cells competing with the 
surface protein CD28 for binding with 
CD80 and CD86, potent co-stimulators 
of T cells and OC precursors (8, 20, 
25). In addition to RANKL/RANK/
OPG, other osteoclastogenic pathways 
have recently focused the attention in 
CIRDs. JAK family of tyrosine kinases 
is one of these and has been proved to 
contribute to joint destruction and po-
tentially to systemic OP, via the action 
of IL6 (20, 23, 26). Increased under-
standing of CIRDs pathophysiology 
has led to identify biologic agents as 
novel therapeutic strategy that could 
dramatically improve clinical outcomes 
of these diseases (8, 26-29).
Available biologics are characterised 
by a different pharmacological activity 
targeted on different levels of immune 
response, including IL6 inhibitor toci-
lizumab, anti-CD20 rituximab, anti-IL1 
anakinra, CTLA4-Ig recombinant solu-
ble fusion protein anti-CD28 abatacept, 
anti-IL12/23 ustekinumab, anti-IL17 
secukinumab and anti-TNF-α agents 
such as adalimumab, etanercept, inflix-
imab, golimumab, certolizumab pegol 
(28). Additionally, synthetic small 

molecules which selectively inhibit 
JAK-STAT pathways are being recent-
ly developed (baricitinib, tofacitinib) 
(20, 26, 29, 30). As discussed above, 
the relationship between inflammation 
and bone loss which emerged from the 
complex osteoimmunologic network 
well documented in CIRDs (8, 9, 11, 
12), suggests that biologic drugs, all 
characterised by powerful anti-inflam-
matory activity in disease control, are 
likely to reduce OP and fracture risk 
(20, 22, 31). Several cross-sectional 
and longitudinal studies evaluating the 
effect of biologic therapies on bone 
mineral density (BMD) and/or bone 
turnover markers (BTs) in RA, AS and 
PsA have provided conflicting results 
32–34. However, most of these studies 
had small sample sizes, rather short ob-
servational period and only a minority 
had a control group; additionally, there 
is a lack of long-term follow-up from 
the early phase of the disease. A review 
about the effect of biologic drugs on 
bone loss and OP in RA, which evalu-
ated articles published between January 
1999 and December 2012, indicated 
beneficial effects against bone loss 
(22). Zerbini et al. recently conducted 
a search on the effect of biologics on 
BMD in RA patients including articles 
from 2003 to 2015 (29). The results 
demonstrated that the biologic treat-
ment was associated with decreased 
bone loss. Most of the studies were 
conducted with TNF-α inhibitors and 
there were few studies with tocilizum-
ab, rituximab and abatacept. In both 
these two reviews denosumab (DNB), a 
monoclonal antibody against RANKL, 
was also included. This drug, which is a 
well-known effective biologic agent for 
OP treatment, significantly increased 
BMD at the lumbar spine (LS) and hip 
and reduced BTs after 6 and 12 months 
in patients with active RA. Notably, at 
12 months, both x-ray erosion score 
and total Sharp score were significant-
ly lower in the DNB group than in the 
untreated group (35). However, DNB 
treatment did not influence disease 
activity parameters. Tables I–III sum-
marise some of the most relevant stud-
ies focusing on the effects of biologic 
drugs on BMD in RA and SpA and rela-
tive fracture risk.
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TNF-α blockade
A study evaluating the effect of synthet-
ic DMARDs and biologics on systemic 
bone loss in RA patients, followed for 
10 years (36) adds evidence that ag-
gressive anti-inflammatory strategy, 
including biologic agents (TNF-α in-

hibitors mostly) on systemic bone loss 
in RA patients, followed for 10 years 
reduces bone loss rate. Krieckaert et 
al. documented that adalimumab treat-
ment over 4 years arrested bone loss in 
the spine in 184 patients with severe 
RA, whereas hip BMD continued to 

decrease (37). A review by Kawai et al. 
has not demonstrated any advantages 
by TNF-α inhibitors use over synthet-
ic DMARDs in patients with RA and 
spondyloarthropathies (SpA) (38). In-
terestingly, a recent meta-analysis on 
TNF-α inhibitors on BMD in RA and 

Table III. Biologic drugs and fracture risk.

Authors and year	 Drug	 Pts	 Osservation 	 Disease	 Vertebral	 Non-vertebral	 Overall
			   time		  fractures	 fratures	 fractures

Coulson et al. 2009 CORRONA	 Anti-TNF vs. DMARDs 	 8419/11429	 13 yrs	 RA	 ↔	 ↔	 ↓
	  vs. combo				  

Kim et al. 2012	 Anti-TNF vs. DMARDs	 5856/16412	 ???	 RA	 NA	 ↔	 NA

Roussy et al. 2013	 Anti-TNF, ABA, RTX	 1515/7578	 6 mos	 RA	 NA	 ↔	 NA

Vivian K. Kawai et al. 2013 	 Anti-TNF  vs. DMARDs	 20814/8964	 2 yrs	 R	 ↔	 ↔	 ↔
		  4302/6593		  PsA/AS	 ↔	 ↔	 ↔

Table I. BMD and biologic drugs in RA.

Authors and year	 Drug	 Pts/studies	 Osservation time	 BMD spine	 BMD total Hip	 BMD femoral 	
						      neck

Haugeberg et al. 2014	 DMARDs +	 92 pts	 0–2 yrs	 ↔	 ↓	 ↓
	 Biologics 		  2–10 yrs	 ↔	 ↔	 ↔

Krieckaert  et al. 2013	 ADA	 184 pts	 1 yr	 ↔	 ↔	 NA
			   1–4 yrs	 ↔	 ↓	

Kume et al. 2014	 TCZ	 78 pts	 1yrs	 ↑	 NA	 ↑

Briot et al. 2015	 TCZ	 103 pts	 1 yrs	 ↔	 ↔	 ↔

Ricciardi et al. Review 2013	 Anti-TNF	 9 studies	 6 mos – 2 yrs	 ↑	 ↑	 ↑

Manara et al. Review 2015	 Anti-TNF	 17 studies	 6 mos – 2 yrs	 ↔	 ↔	 ↔

Dimitroulas et al. Review 2013	 Anti-TNF, DNS	 14 studies	 6 mos – 4 yrs	 ↔	 ↔	 ↔

Zerbini et al. Review 2016	 Anti-TNF, TCZ, DNS	 28 studies	 6 mos – 10 yrs	 ↔	 ↔	 ↔

Vivian K. Kawai  et al. Review 2012	 Anti-TNF	 14 studies	 6 mos – 2 yrs	 ↔ ↑	 ↔	 ↔

Siu  et al. Meta-analysis 2015	 Anti-TNF	 4  studies	 1–2 yrs	 ↔	 ↔	

Table II. BMD and biologic drugs in SpA.

Authors and year	 Drug	 Pts/studies	 Osservation time	 BMD spine	 BMD total Hip	 BMD femoral 	
						      neck

Visvanathan et al. 2009	 Anti-TNF	 157pts	 2 yrs	 ↑	 ↑	 ↑

Kang et al. 2013	 Anti-TNF	 26 pts	 2 yrs	 ↑	 ↑	 ↔	
		
Durnez et al. 2013	 Anti-TNF	 59 pts	 1–4 yrs	 ↑	 ↔	 ↑

Ricciardi et al. Review 2013	 Anti-TNF	 9 studies	 6 mos – 2 yrs	 ↑	 ↑	 ↑

Vivian K. Kawai et al. Review 2012	 Anti-TNF	 9 studies	 6 mos – 2 yrs	 ↑	 ↑	 ↑

Siu et al. Meta-analysis 2015	 Anti-TNF	 4 studies	 1–2 yrs	 ↑	 ↑	 ↑

Haroon et al. Review 2015	 Anti-TNF	 8 studies	 1–2 yrs	 ↑	 ↑	 ↔
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AS trials (39) demonstrated no effects 
on LS and hip BMD in RA patients, 
while in AS patients both LS and hip 
BMD resulted significantly improved. 
It is important to consider that none of 
the included trials had BMD as the pri-
mary outcome and some of them may 
have been too short or underpowered 
to detect meaningful changes. In line 
with previous results, a 6-year follow-
up study in AS showed significantly 
increased LS and trochanter BMD in 
patients treated with TNF-α inhibi-
tors compared with that in untreated 
patients (40). A systematic review and 
meta-analysis on the effect on BMD of 
TNF-α inhibitors in AS patients with a 
minimum follow-up period of 1 year, 
showed increased LS and total hip (TH) 
BMD and maintained femoral neck 
(FN) BMD (41). Recently Manara et 
al. (42) evaluated the effects on BMD 
of TNF-α inhibitors in clinical studies 
on RA patients between 2005 and 2014 
demonstrating that TNF-α inhibitors 
were able to arrest systemic bone loss 
assessed by BMD and BTs.
The effect of TNF-α blockade on frac-
ture risk remains still uncertain. Data 
from 11,429 RA patients enrolled in 
the CORRONA database (43) which 
were treated with synthetic DMARDs 
or TNF-α inhibitors as monotherapy 
or synthetic DMARDs combined with 
TNF-α inhibitors showed that only 
anti-TNF-α treatment was associated 
with significantly decreased overall 
fractures, when compared with oth-
er treatments. On the contrary, in a 
population-based cohort study aimed 
to evaluate the risk of non-vertebral 
fractures in patients with RA, Kim 
et al. found a similar risk in patients 
treated with TNF-α inhibitors with or 
without a synthetic DMARD, metho-
trexate (MTX) alone or a synthetic 
DMARD alone. Multivariate regres-
sion did not show any differences be-
tween patients on TNF-α inhibitors 
versus MTX (44). More recently, a 
nested case-control study in 1,515 RA 
patients treated with TNF-α blockers, 
abatacept and rituximab and 6,023 
controls, with a median duration of 
exposure of 735 and 645 days, was 
unable to demonstrate a reduction of 
non-vertebral fracture rate (45). The 

same results have been documented in 
a large retrospective cohort of patients 
with RA and SpA, who initiated either 
TNF-α blockers or synthetic DMRDs; 
the risk of combined fractures did not 
differ between initiators of a synthetic 
agent and a TNF-α blocker (46). Also 
the recent review by Manara et al. (42) 
concluded that there is poor evidence 
of clinically relevant effect of TNF-α 
inhibitors in preventing fractures and 
Zerbini et al. (29) concluded that there 
are still unmet needs for studies re-
garding this aspect.

IL6 blockade
Garnero et al. demonstrated rapid and 
significant increase of markers of bone 
formation associated with a significant 
decrease of markers of bone resorption 
following the initiation of tocilizumab 
combined with MTX in 416 patients 
with active RA (47). These results pro-
vide evidence of a reduced joint dam-
age and possibly of beneficial effects 
on systemic bone homeostasis. Also in 
the RADIATE study, tocilizumab sig-
nificantly decreased bone resorption 
markers and increased bone formation 
markers, although not significantly, 
in RA patients (48). A critical role of 
tocilizumab on bone metabolism was 
also suggested by a pilot study which 
in a smaller sample of RA patients (22 
women) documented the effect of IL6 
blockade on RANKL- and Wnt-me-
diated pathways with increased OPG/
RANKL ratio associated with DKK1 
decreased levels after 2 months of treat-
ment (49). More recently the effect of 
tocilizumab on BMD was evaluated in 
patients with MTX-resistant active RA 
(50). Interestingly tocilizumab main-
tained BMD stable in patients with nor-
mal baseline BMD and increased BMD 
in osteopenic patients at baseline. In 
contrast, an open prospective study, 
with a duration of one year in RA ac-
tive patients receiving tocilizumab and 
MTX (51), did not show significant 
changes in BMD. However, a signifi-
cant decrease of serum levels of DKK1 
and a significant increase of bone for-
mation marker PINP were associated 
with tocilizumab. As confirmed by the 
two recent reviews by Dimitroulas et 
al. (22) and Zerbini et al. (29), no data 

are available on the anti-fracture activ-
ity of this agent.

Inhibition of B and T cells
There is a lack of detailed data on the 
effect on systemic bone loss of rituxi-
mab, a CD20 specific antibody which 
depletes B cells. However, due to the 
evidence that B cells highly express 
RANKL and, through their differen-
tiation into plasma cells also activate 
DKK1, it can be speculated that rituxi-
mab can also positively influence bone 
mass (8). Boumans et al. (52) showed 
that 12 month treatment with rituxi-
mab was associated with increased 
OPG/RANKL ratio in the serum of 
28 RA patients. On the contrary, in a 
prospective study with a follow-up of 
15 months evaluating 13 RA patients, 
a non significant decrease of RANKL 
was observed after rituximab treatment 
(53). Wheater et al. (54) documented a 
significant decrease of bone resorption 
marker CTX associated with a signifi-
cant increase of bone formation marker 
PINP after 6 months of treatment with 
rituximab in 46 RA patients. So far, 
only a study by Salvin et al. specifically 
documented an improvement in BMD 
in a small number of RA patients treat-
ed with this agent (55). 
Although there is a lack of clini-
cal studies with primary outcomes of 
BMD and/or BTs in RA patients treated 
with abatacept, preclinical data provide 
an attractive explanation for a potential 
antiresorptive effect of this drug (21, 
23, 27). In a model of TNF-α-induced 
arthritis, CTLA4 dose-dependently di-
rectly inhibited OC differentiation and 
maturation by binding their precursor 
cells (25). Recently, Bozec et al. (56) 
reported that the binding of CTLA4 
to CD80/86 in OC precursors induced 
their apoptosis. 

Other agents
To date there are no studies on the ef-
fect on BMD, BTs or fracture risk in 
course of different new biologic agents 
therapies, also including new selec-
tive JAK-inhibitors (tofacitinib and 
baricitinib). However, beneficial effect 
on systemic inflammation of all these 
drugs is likely to positively influence 
also systemic bone health. 
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Conclusions
In the last few decades, greater know-
ledge on immune/inflammatory path-
ways regulating synovial inflamma-
tion and local bony damage has led to 
remarkable therapeutic advances by 
introducing biologic agents. Mostly 
important, powerful and early anti-in-
flammatory activity evidenced by these 
drugs suggested their extended effect 
also on systemic bone homeostasis be-
yond the control of the disease. Over-
all, accumulated data deriving from 
studies, most of them conducted with 
TNF-α blockers, have reported posi-
tive effects on BTs as well as on BMD 
leading to reduced risk of systemic OP. 
Whether TNF-α blockers and other 
biologic agents are ultimately effec-
tive in reducing fracture risk remains 
so far inconclusive. Studies evaluating 
larger cohorts of patients with longer 
follow-up, also including newer bio-
logic agents and small molecules, are 
needed to determine if positive changes 
in BTs and BMD translate into changes 
in fracture risk. 
	
Key messages
•	 OP with increased fracture risk has 

been reported as one of the most 
clinically meaningful comorbidities 
to be screened, prevented and treat-
ed in CIRDs.

•	 Improved understanding of the os-
teoimmunologic network regulat-
ing inflammatory pathway provided 
evidence that inflammation plays a 
harmful role on both local and sys-
temic bone loss, which may ulti-
mately lead to disability and mortal-
ity. Early and powerful inhibition of 
inflammation is paramount in coun-
teracting local and systemic bony 
damage.

•	 Biologic agents have proved to posi-
tively influence disrupted bone ho-
meostasis documented in all CIRDs 
by interfering with BTs and systemic 
bone loss. However, if these effects 
can also translate into reduced frac-
ture risk remains to be determined.

•	 Whether the co-administration of bi-
ologic agents with DNB, the mono-
clonal antibody against RANKL suc-
cessfully used in systemic OP, could 
offer a better outcome in preserving 

BMD and possibly reduce fracture 
risk, is not fully investigated.

•	 Rheumatologists should improve 
their awareness, so far largely sub-
optimal, of the need for screening, 
and prevention, or proper treatment 
of systemic bone loss and increased 
fracture rates also in patients placed 
on biologics.

References
  1.	DI MUNNO O, MALAVOLTA N, MINISOLA G: 

Rheumatic Diseases and Osteoporosis. In: 
LENZI A, MIGLIACCIO S (Eds.) Multidisci-
plinary approach in osteoporosis. Springer-
Verlag Italia Srl (Milano, Italia). (in press) 

  2.	SINIGAGLIA L, NERVETTI A, MELA Q et al.: 
A multicenter cross sectional study on bone 
mineral density in rheumatoid arthritis. Ital-
ian Study Group on Bone Mass in Rheuma-
toid Arthritis. J Rheumatol 2000; 27: 2582-
89.

  3.	OKANO T, INUI K, TADA M et al.: High fre-
quency of vertebral fracture and low bone 
quality in patients with rheumatoid arthri-
tis-Results from TOMORROW study. Mod 
Rheumatol 2017; 27: 398-404.

  4.	MUÑOZ-ORTEGO J et al.: Ankylosing spon-
dylitis is associated with an increased risk of 
vertebral and non-vertebral clinical fractures: 
a population-based cohort study. J Bone Min-
er Res 2014; 29: 1770-76.

  5.	CHANDRAN S, ALDEI A, JOHNSON SR, 
CHEUNG AM, SALONEN D, GLADMAN DD: 
Prevalence and risk factors of low bone min-
eral density in psoriatic arthritis: A system-
atic review. Semin Arthritis Rheum 2016; 46: 
174-82.

  6.	OGDIE A, HARTER L, SHIN D et al.: The risk 
of fracture among patients with psoriatic 
arthritis and psoriasis: a population-based 
study. Ann Rheum Dis 2017; 76: 882-85. 

  7.	BAILLET A, GOSSEC L, CARMONA L et al.: 
Points to consider for reporting, screening 
for and preventing selected comorbidities 
in chronic inflammatory rheumatic diseases 
in daily practice: a EULAR initiative. Ann 
Rheum Dis 2016; 75: 965-73.

  8.	SCHETT G, STACH C, ZWERINA J, VOLL R, 
MANGER B: How antirheumatic drugs pro-
tect joints from damage in rheumatoid arthri-
tis. Arthritis Rheum 2008; 58: 2936-48.

  9.	PACIFICI R: The immune system and bone. 
Arch Biochem Biophys 2010; 503: 41-53.

10.	WALSH MC, CHOI Y: Biology of the RANKL-
RANK-OPG system in immunity, bone, and 
beyond. Front Immunol 2014; 5: 511.

11.	SHAW AT, GRAVALLESE EM: Mediators of 
inflammation and bone remodeling in rheu-
matic disease. Semin Cell Dev Biol 2016; 49: 
2-10.

12.	AMARASEKARA DS, YU J, RHO J: Bone loss 
triggered by the cytokine network in inflam-
matory autoimmune diseases. J Immunol Res 
2015; 2015: 832127.

13.	ROSSINI M, VIAPIANA O, ADAMI S, IDOLAZ-
ZI L, FRACASSI E, GATTI D: Focal bone in-
volvement in inflammatory arthritis: the role 
of IL17. Rheumatol Int 2016; 36: 469-82.

14.	TAKAYANAGI H: New developments in os-
teoimmunology. Nat Rev Rheumatol 2012; 8: 
684-89.

15.	BARON R, KNEISSEL M: WNT signaling in 
bone homeostasis and disease: from human 
mutations to treatments. Nat Med 2013; 19: 
179-92.

16.	KOBAYASHI Y, UEHARA S, UDAGAWA N, 
TAKAHASHI N: Regulation of bone metabo-
lism by Wnt signals. J. Biochem 2016; 159: 
387-92.

17.	PATHAK JL, BAKKER AD, LUYTEN FP et al.: 
Systemic inflammation affects human oste-
ocyte-specific protein and cytokine expres-
sion. Calcif Tissue Int 2016; 98: 596-608.

18.	DIARRA D, STOLINA M, POLZER K et al.: 
Dickkopf-1 is a master regulator of joint re-
modeling. Nat Med 2007; 13: 156-63.

19.	HEILAND GR, ZWERINA K, BAUM W et al.: 
Neutralisation of Dkk-1 protects from sys-
temic bone loss during inflammation and re-
duces sclerostin expression. Ann Rheum Dis 
2010; 69, 2152-59.

20.	REDLICH K, SMOLEN JS: Inflammatory bone 
loss: pathogenesis and therapeutic interven-
tion. Nat Rev Drug Discov 2012; 11: 234-50.

21.	RUSCITTI P, CIPRIANI P, CARUBBI F et 
al.: The role of IL-1β in the bone loss dur-
ing rheumatic diseases. Mediators Inflamm 
2015; 2015: 782382.

22.	DIMITROULAS T, NIKAS SN, TRONTZAS P, 
KITAS GD: Biologic therapies and systemic 
bone loss in rheumatoid arthritis. Autoimmun 
Rev 2013; 12: 958-66.

23.	STARK GR, DARNELL JE: The JAK-STAT 
pathway at twenty. Immunity 2012; 36: 503-14.

24.	SCHETT G, DAVID J-P: The multiple faces of 
autoimmune-mediated bone loss. Nat Rev 
Endocrinol 2010; 6: 698-706.

25.	AXMANN R, HERMAN S,  ZAISS M et al.: 
CTLA-4 directly inhibits osteoclast forma-
tion. Ann Rheum Dis 2008; 67, 1603-9.

26.	ŚWIERKOT J, NOWAK B,  CZARNY A et al.: 
The Activity of JAK/STAT and NF-κB in pa-
tients with rheumatoid arthritis. Adv Clin Exp 
Med 2016; 25: 709-17.

27.	TAK PP, KALDEN JR: Advances in rheumatol-
ogy: new targeted therapeutics. Arthritis Res 
Ther 2011; 13: S5.

28.	CANTINI F, NICCOLI L,  NANNINI C et al.: 
Tailored first-line biologic therapy in patients 
with rheumatoid arthritis, spondyloarthritis, 
and psoriatic arthritis. Semin Arthritis Rheum 
2016; 45: 519-32.

29.	ZERBINI CAF, CLARK P, MENDEZ-SANCHEZ 
L et al.: Biologic therapies and bone loss in 
rheumatoid arthritis. Osteoporos Int 2017; 
28: 429-46. 

30.	NORMAN P: Selective JAK inhibitors in de-
velopment for rheumatoid arthritis. Expert 
Opin Investig Drugs 2014; 23: 1067-77.

31.	RICCIARDI BF, PAUL J, KIM A, RUSSELL LA, 
LANE JM: Osteoporosis drug therapy strat-
egies in the setting of disease-modifying 
agents for autoimmune disease. Osteoporos 
Int 2013; 24: 423-32.

32.	VISVANATHAN S, van der HEIJDE D, DEOD-
HAR A et al.: Effects of infliximab on markers 
of inflammation and bone turnover and asso-
ciations with bone mineral density in patients 
with ankylosing spondylitis. Ann Rheum Dis 
2009; 68: 175-82.



507Clinical and Experimental Rheumatology 2019

Biologic agents and bone homeostasis / O. Di Munno & F. Ferro

33.	KANG KY, JU JH, PARK S-H, KIM H-Y:            
The paradoxical effects of TNF inhibitors on 
bone mineral density and radiographic pro-
gression in patients with ankylosing spondy-
litis. Rheumatology (Oxford) 2013; 52: 718-
26.

34.	TAKAHASHI K, SETOGUCHI T,  TAWARAT-
SUMIDA H et al.: Risk of low bone mineral 
density in patients with rheumatoid arthritis 
treated with biologics. BMC Musculoskelet 
Disord 2015; 16: 269.

35.	COHEN SB, DORE RK, LANE NE et al.: Deno-
sumab treatment effects on structural dam-
age, bone mineral density, and bone turnover 
in rheumatoid arthritis: a twelve-month, mul-
ticenter, randomized, double-blind, placebo-
controlled, phase II clinical trial. Arthritis 
Rheum 2008; 58: 1299-309.

36.	HAUGEBERG G HELGETVEIT KB,  FØRRE 
Ø,  GAREN T,  SOMMERSETH H,  PRØVEN A: 
Generalized bone loss in early rheumatoid 
arthritis patients followed for ten years in the 
biologic treatment era. BMC Musculoskelet 
Disord 2014; 15: 289.

37.	KRIECKAERT CLM, NURMOHAMED MT, 
WOLBINK G, LEMS WF: Changes in bone 
mineral density during long-term treatment 
with adalimumab in patients with rheuma-
toid arthritis: a cohort study. Rheumatology 
(Oxford) 2013; 52: 547-53.

38.	KAWAI VK, STEIN CM, PERRIEN DS, GRIFFIN 
MR: Effects of anti-tumor necrosis factor α 
agents on bone. Curr Opin Rheumatol 2012; 
24: 576-85.

39.	SIU S, HARAOUI B,  BISSONNETTE R et al.: 
Meta-analysis of tumor necrosis factor inhib-
itors and glucocorticoids on bone density in 
rheumatoid arthritis and ankylosing spondy-
litis trials. Arthritis Care Res 2015; 67: 754-
64.

40.	DURNEZ A, PATERNOTTE S, FECHTENBAUM 
J et al.: Increase in bone density in patients 
with spondyloarthritis during anti-tumor ne-
crosis factor therapy: 6-year followup study. 
J Rheumatol 2013; 40: 1712-18.

41.	HAROON NN, SRIGANTHAN J, AL GHANIM 
N, INMAN RD, CHEUNG AM: Effect of TNF-
alpha inhibitor treatment on bone mineral 
density in patients with ankylosing spondy-
litis: a systematic review and meta-analysis. 
Semin Arthritis Rheum 2014; 44: 155-61.

42.	MANARA M, SINIGAGLIA L: Bone and TNF 
in rheumatoid arthritis: clinical implications. 
RMD Open 2015; 1: e000065.

43.	COULSON KA, REED G, GILLIAM BE, KRE-
MER JM, PEPMUELLER PH: Factors influenc-
ing fracture risk, T score, and management 
of osteoporosis in patients with rheumatoid 
arthritis in the Consortium of Rheumatology 
Researchers of North America (CORRONA) 
registry. J Clin Rheumatol 2009; 15: 155-60.

44.	KIM SY, SCHNEEWEISS S, LIU J, SOLOMON 
DH: Effects of disease-modifying anti-rheu-
matic drugs on non-vertebral fracture risk in 
rheumatoid arthritis: a population-based co-
hort study. J. Bone Miner Res 2012; 27: 789-
96.

45.	ROUSSY J-P, BESSETTE L, BERNATSKY S, 
RAHME E, LACHAINE J: Biologic disease-
modifying anti-rheumatic drugs and the risk 
of non-vertebral osteoporotic fractures in pa-
tients with rheumatoid arthritis aged 50 years 
and over. Osteoporos Int 2013; 24: 2483-92.

46.	KAWAI VK, GRIJALVA CG, ARBOGAST PG et 
al.: Initiation of tumor necrosis factor α an-
tagonists and risk of fractures in patients with 
selected rheumatic and autoimmune diseas-
es. Arthritis Care Res 2013; 65: 1085-94.

47.	GARNERO P, THOMPSON E, WOODWORTH T, 
SMOLEN JS: Rapid and sustained improve-
ment in bone and cartilage turnover markers 
with the anti-interleukin-6 receptor inhibitor 
tocilizumab plus methotrexate in rheumatoid 
arthritis patients with an inadequate response 
to methotrexate: results from a substudy 
of the multicenter double-blind, placebo-
controlled trial of tocilizumab in inadequate 
responders to methotrexate alone. Arthritis 
Rheum 2010; 62: 33-43.

48.	KARSDAL MA, SCHETT G, EMERY P et al.: 

IL-6 receptor inhibition positively modulates 
bone balance in rheumatoid arthritis patients 
with an inadequate response to anti-tumor 
necrosis factor therapy: biochemical marker 
analysis of bone metabolism in the tocili-
zumab RADIATE study (NCT00106522). 
Semin. Arthritis Rheum 2012; 42: 131-39.

49.	TERPOS E, FRAGIADAKI K, KONSTA M et al.: 
Early effects of IL-6 receptor inhibition on 
bone homeostasis: a pilot study in women 
with rheumatoid arthritis. Clin Exp Rheuma-
tol 2011; 29: 921-25.

50.	KUME K, AMANO K, YAMADA S et al.: The 
effect of tocilizumab on bone mineral density 
in patients with methotrexate-resistant active 
rheumatoid arthritis. Rheumatology (Oxford) 
2014; 53: 900-3.

51.	BRIOT K, ROUANET S, SCHAEVERBEKE T et 
al.: The effect of tocilizumab on bone min-
eral density, serum levels of Dickkopf-1 and 
bone remodeling markers in patients with 
rheumatoid arthritis. Joint Bone Spine 2015; 
82: 109-15.

52.	BOUMANS MJ, THURLINGS RM, YEO L et 
al.: Rituximab abrogates joint destruction in 
rheumatoid arthritis by inhibiting osteoclas-
togenesis. Ann Rheum Dis 2012; 71: 108-13.

53.	HEIN G, EIDNER T,  OELZNER P et al.: In-
fluence of Rituximab on markers of bone 
remodeling in patients with rheumatoid ar-
thritis: a prospective open-label pilot study. 
Rheumatol Int 2011; 31: 269-72.

54.	WHEATER G, HOGAN VE, TENG YK et al.: 
Suppression of bone turnover by B-cell de-
pletion in patients with rheumatoid arthritis. 
Osteoporos Int 2011; 22: 3067-72.

55.	SALVIN S, et al.: Variations in lumbar and fe-
mural bmd after rituximab therapy in active 
rheumatoid arthritis. Ann Rheum Dis 2010; 
69 (Suppl. 3): 2010; 69: 704.

56.	BOZEC A, ZAISS MM, KAGWIRIA R et al.: T 
cell costimulation molecules CD80/86 in-
hibit osteoclast differentiation by inducing 
the IDO/tryptophan pathway. Sci Transl Med 
2014; 6: 235ra60.


