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Abstract

Objective: Osteoporosis is the most common bone tissue disease and it is characterized by a re-
duced bone mineral density (BMD). The main physiopathological mechanisms converge on the un-
coupling between bone formation and resorption, thus leading to an enhanced risk of fractures.
Several papers have documented the inverse relationships linking high inflammatory cytokines, anti-
citrullinated protein antibodies, rheumatoid factor, and BMD in rheumatoid arthritis (RA). Rituximab
(RTX) is a chimeric monoclonal antibody directed against the CD20 receptor of B cells. Since the
Food and Drug Administration approved it for RA in 2006, there have been many clinical experiences
regarding its use. Nevertheless, few studies evaluate the effect of rituximab on BMD. RA is a disease
characterized by immune dysfunction with high levels of inflammatory cytokines, autoantibodies,
and it is reasonable that a B cell depleting therapy could restore a physiological cytokine balance,
thus exerting an osteoprotective effect on the bone tissue. The purpose of this paper is to highlight
any difference in BMD and to assess differences in body composition over a retrospective 18-month
follow-up period after RTX treatment with a B cell depleting therapy.

Material and methods: We analyzed by dual energy X-ray absorptiometry BMD expressed as g/cm?
and body composition modifications over 18 months with RTX treatment of 20 postmenopausal RA
patients.

Results: After eighteen months of therapy with RTX, a statistically significant increase in vertebral
(L1-L4) BMD and the stability of femoral BMD were documented.

Conclusions: Rituximab is associated with an improvement of vertebral and preservation of femo-
ral BMD, suggesting a bone-sparing effect due to B cell depletion. Furthermore, patients displayed
a redistribution of fat masses toward the hip region.
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Introduction

Rheumatoid arthritis (RA) is defined by the latest
American College of Rheumatology/European League
Against Rheumatism (ACR/EULAR) classification crite-
ria [1] as a chronic and systemic disease in which im-
munologically mediated inflammation of synovial joints

may lead to destruction of articular structures. Osteo-
porosis is the most common bone tissue disease where
pathophysiological mechanisms involve an uncoupling
between bone formation and resorption, thus leading
to a reduction of bone mineral density (BMD) and to
an increased risk of fractures [2]. Bone homoeostasis is
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regulated by the WNT pathway, an elegant (as much as
complex) transcellular signaling mechanism that regu-
lates bone formation, whose alteration has been linked
to a higher number of erosions and lower bone mineral
density in RA [3].

Recent papers have documented that an alteration
of the cytokine pool in a pro-inflammatory sense in RA
causes an imbalance of WNT signaling due to the direct
effect of tumor necrosis factor o (TNF-at), interleukin 6
(IL-6) and interleukin 1 (IL-1) on osteoclasts, favoring
their maturation and differentiation [4]. Furthermore, it
seems that anti-citrullinated peptide antibodies (ACPA),
as well as rheumatoid factor (RF), play a pathogenetic
role directly activating osteoclast-mediated resorption
via key osteoclastogenic cytokine receptor activator of
NF-kB ligand (RANKL) induction [5], thus leading to joint
erosions and osteoporosis. Moreover, recent evidence
demonstrated the role of activated B lymphocytes [6]
in favoring loss of mineralization in RA. In addition,
an altered body composition too may represent the re-
sult of a cytokine pool imbalance toward an inflamma-
tory state [7, 8]. For these reasons, we aimed to inves-
tigate retrospectively the effects of rituximab (RTX) on
bone and body composition in a cohort of postmeno-
pausal rheumatoid arthritis patients.

Material and methods

We studied vertebral, whole femoral and neck femo-
ral BMD and body composition using dual energy X-ray
absorptiometry (DXA, Lunar prodigy version 1.72) of
20 postmenopausal women affected by RA according to
ACR/EULAR criteria before and after 18 months of treat-
ment with RTX [1]. Quality control of the device was per-
formed every day. RTX was administered with a loading
dose of two infusions of 500 mg or 1 g depending on
patients’ weight during the first two weeks of treatment
with a premedication of 100 mg of methylprednisolone
and 1000 mg of acetaminophen; subsequently infusions
were scheduled every six months. At the end of the study
each patient underwent eight RTX infusion sessions and
reached a methylprednisolone cumulative dose of 800 mg.
Medical history, weight, height and body mass index
(BMI) were collected.

Diagnosis of osteoporosis was performed when the
T-score of patients deviated below —2.5 from the stan-
dard deviation compared with the reference population
according to World Health Organization criteria. None of
the considered subjects had vertebral or femoral osteo-
porosis at baseline. Also none of the RA patients includ-
ed in the analysis had a history of chronic obstructive
pulmonary disease (COPD), chronic heart failure (CHF)
or chronic kidney disease (CKD). Body composition of RA
patients was analyzed before and after treatment with

RTX, using themselves as controls. Appendicular lean
mass (ALM, kg/m?) was calculated as the sum of fat-free
mass minus bone mineral content of lower and upper
limbs. Skeletal muscle mass index (SMI, kg/m?) was cal-
culated as ALM divided by height squared according to
Baumgartner’s criteria [7]. A low muscle mass was iden-
tified for women when found 2 SD below the mean val-
ue of young adults (female: < 5.5 kg/m?).

Ethical standards —the presented retrospective work
is based on data derived from existing medical records
and did not require additional consent, all patients
agreed to the diagnostics and procedures performed.

Characteristics of the studied group

Of the 20 studied patients, n = 3 had Hashimoto’s
thyroiditis under levothyroxine treatment, n = 3 had
hypertension, n = 1 had a history of bladder cancer and
n =1 had hypercholesterolemia. Among all studied pa-
tients n = 7 were treated with glucocorticosteroids (GCs)
with a low dose of prednisone (< 7.5 mg/day), and only
n = 4 patients were taking oral vitamin D. Mean ACPA
and RF were available from our records for 10 patients:
respectively 165 U/l (+130) and 126 U/l (+105). Mean
disease duration at baseline was 11.86 years (+10.8).
Clinical characteristics of studied patients are summa-
rized in Table I.

Statistical analysis

Statistical analysis was performed using GraphPad
Prism version 8.0.0 for Windows, GraphPad Software,
San Diego, California USA (www.graphpad.com).

Demographic data were analyzed, and each vari-
able expressed as mean plus standard deviation using
descriptive statistics. Inferential statistical tests were
used to compare means of each region previously ana-

Table I. Epidemiological characteristics and anthropo-
metrics measures of rheumatoid arthritis (RA) patients

Parameters RA patients
Number 20
Gender F

Age [years] 65.07 +12.90
Weight [kg] 67.29 +14.27
Height [cm] 164 +8.238
BMI [kg/m?] 24.96 £4.555
Disease duration [years] 11 +10.8
ACPA levels [1U/] 130 £165
RF levels [1U/1] 126 105

BMI —body mass index, F — female, RA — rheumatoid arthritis,
ACPA — anti-citrullinated protein antibodies, RF — rheumatoid
factor, IU — international units.
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lyzed with DXA. Subsequently, we compared BMD of
the lumbar spine, femoral neck, and whole femur with
the t-test for paired observations if data followed a nor-
mal distribution, or using Wilcoxon’s test for paired sta-
tistics when data deviated from a Gaussian distribution.
The same tests were run to compare each variable de-
rived from body composition analysis. Results were con-
sidered statistically significant when p < 0.05.

Results

The results showed a significant increase in lumbar
spine BMD (1.031 +0.11 vs. 1.110 #0.10, p < 0.005), while
no significant difference was found for femoral BMD.
The data are shown in Figure 1 and Table II.

Erythrocyte sedimentation rate (ESR) expressed in
millimeters/hour (available for only 13 matched compar-
isons) displayed a significant reduction from baseline
(32 £16 vs. 25 +14, p < 0.0205).

Lean mass and fat mass values increased from
baseline, although not significantly (ALM 16.21 +3.60 vs.
17.84 £4.03; SMI 6.03 £0.99 vs. 6.42 £1.85 ns; body fat %
37.45 +10.82 vs. 40.19 +8.44 ns). The results are shown
in Table III.

Vertebral BMD

Whole femoral BMD

Discussion

The investigation highlighted a clear and significant
increase of vertebral BMD and documented the stability
of femoral mineralization in RA patients after 18 months
of treatment with B cell depleting therapy. Obtained re-
sults may confirm the pathogenic role of activated B cells
in bone loss in RA, accordingly with what is reported in
the literature [6].

Several papers demonstrated the active role of
B lymphocytes in modulating key osteoclastogenic cy-
tokine RANKL and RANKL/osteoprotegerin (OPG) ratio,
therefore actively intervening in bone homeostasis and
being the bridge between immune and skeletal systems
[6,8,9].

Osteoprotegerin belongs to the superfamily of tumor
necrosis factor receptors (TNFR), exists only in soluble
form and can prevent bone resorption acting as a decoy
receptor binding RANKL, thus being a bone savior.

Receptor activator for NF-kB ligand is also a part of
the TNFR superfamily, but unlike OPG, which prevents
bone loss, is the main actor of bone resorption by pro-
moting osteoclast formation.

Femoral neck BMD
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Fig. 1. Bone mineral density (BMD) modification after 18 months of therapy with rituximab.

Table Il. Differences in bone mineral density (BMD) at baseline and after 18 months of rituximab (RTX) therapy

BMD [g/cm?] Baseline (n = 20) After 18 months (n = 20) p-value

Lumbar spine (L1-L4) 1.031£0.11 1.110 +0.10 0.0029**
Whole femur 0.848 +0.15 0.853 +0.14 0.622 (ns)
Femur neck 0.793 +0.14 0.808 +0.12 0.140 (ns)

Mean values of BMD (g/cm?) at baseline and after 18 months therapy with rituximab, **p < 0.005, ns — not statistically significant.
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Table 11I. Changes in body analysis composition at baseline and after 18 months of rituximab (RTX) therapy

Body composition analysis Baseline After 18 months p-value

Total lean mass [kg] 39.94 +8.74 38.64 +8.19 0.278 (ns)
BF [%] 37.45 +10.82 40.19 +8.44 0.248 (ns)
ALM [kg] 16.21 +3.60 17.84 +4.03 0.476 (ns)
SMI [kg/m?] 6.03 +0.99 6.42 +1.85 0.445 (ns)
Total fat mass [kg] 25 +10.45 26.58 +9.43 0.382 (ns)
Android fat [%] 43.07 +13.33 45.89 +10.54 0.320 (ns)
Gynoid fat [%] 40.28 +10.08 43.02 +10.65 0.099 (ns)
Android/gynoid fat ratio 1.07 +0.28 1.10 +0.31 0.999 (ns)

Body composition features of RA patients before and after treatment with rituximab, BF — body fat, ALM — appendicular lean mass,

SMI — skeletal muscle index.

B lymphocytes represent an important source of
OPG, nevertheless during inflammatory circumstances
OPG production decreases, shifting toward RANKL pro-
duced by T lymphocytes activated by pro-inflammatory
cytokines. The chronic inflammatory stimulus in arthrit-
ic patients plays a pivotal role in bone loss by promot-
ing the shift toward RANKL production in B activated
lymphocytes, thus altering the RANKL/OPG ratio and
facilitating BMD reduction. A significant loss of bone
mineralization attributable to an immunological dys-
function of activated B cells is also described in multiple
myeloma, human immunodeficiency virus (HIV) [8] and
periodontal pathology [9]. Diseases very different from
each other but united by RANKL/OPG ratio imbalance
and by a high inflammatory load which may lead to the
development of bone loss and osteoporosis.

Our results differ from those reported in other papers,
where RTX therapy did not produce effects on vertebral
BMD and indeed displayed bone loss at the femoral lev-
el [10]. Although these investigations were conducted
longitudinally, the follow-up of patients did not exceed
12 months, a time probably insufficient to observe signifi-
cant changes in BMD. None of our patients were osteopo-
rotic at the beginning of the study and perhaps, starting
from a lower degree of mineralization and a larger sam-
ple, an improvement in BMD could be observed at the
femoral level too. Furthermore, increases of lumbar spine
BMD and of muscle masses occurred in patients despite
low dose GC therapy in 7 patients and 800 mg of methy!-
prednisolone used as premedication during 18 months
of therapy. Although the deleterious effects of GCs on
bone [11] and muscle tissues [12] are known, a paper [13]
demonstrated that a high dose GC pulse therapy did not
lower BMD of RA patients during 18 months of follow-up.

Whether these observations are due to a direct effect
of therapy on cytokine resources, or to an improvement
in quality of life and in an increase of physical activity
among RA individuals, remains to be investigated.

An altered body composition, such as an increase
in percentage of fat mass, a reduction of muscle mass
and a prevalent android fat distribution, in concert with
an increased incidence of metabolic syndrome, is widely
described in RA [14]. Several studies have demonstrated
that blocking IL-6 [15] or TNF-a [16] produced an increase
in the BMD in RA patients and improved their body com-
position [17]. Contrary to what we expected, RTX therapy
did not cause any significant change in patients’ muscle
mass or fat mass representation. The anti-CD20 receptor
can be expressed by other cell lines [18] and in RA there
is reported an increase in circulating TNF-a as well as IL-6
[19, 20]. Many studies highlight the correlation between
metabolic syndrome, increased inflammatory state, al-
tered body composition and cardiovascular diseases [21].
An interesting paper reported that RTX may even lower
IL-6 levels [12].

Based on these assumptions, it would have been ex-
pected that in our patients, alongside the preservation
of BMD, the B cell depletion therapy produced a change
in patients’ body composition too.

Lack of this effect could be due to normal body fat
(BF) percentage and muscle mass values displayed by
most of our cases, allowing us to speculate that per-
haps, in patients with an altered body composition at
baseline, an improvement could also be observed in this
regard as a consequence of a reduction in pro-inflam-
matory cytokine serum levels. There was an increase in
gynoid masses, although not statistically significant.

Furthermore, an altered body composition [14, 22]
and low bone mineral density are proven to share the
same pathological mechanism of cardiovascular diseas-
es [23], and this paper may prompt further research on
the topic by highlighting the bone sparing effect in RA
patients treated with RTX: an impairment of the RANKL/
OPG ratio is reported in correlation with arterial athero-
sclerosis [24] and in an increase of cardiovascular risk in
RA[25], and thus RTX may play a cardioprotective effect
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in RA patients, although further investigations are need-
ed to ascertain the validity of this hypothesis.

This study had several limitations due to its retro-
spective nature: it was not possible to further stratify
patients according to their serum vitamin D levels,
smoking habits, previous therapies and immunological
status. Therefore, it will be necessary to assess prospec-
tively and for an adequate time the effects of RTX on
bone homeostasis and body composition.

Conclusions

Our study demonstrated that 20 non-osteoporotic
RA patients had a significant increase in vertebral BMD
and maintained their femoral BMD unchanged after
18 months of therapy with RTX. This evidence strength-
ens the hypothesis of bone sparing effects of RTX, de-
spite a bolus of GCs for premedication prior to adminis-
tration of this biological drug.

The authors declare no conflict of interest.
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