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Effects of one-year tofacitinib therapy on bone metabolism
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Abstract
Summary Janus kinase (JAK) inhibitors are used to treat rheumatoid arthritis (RA).We assessed the effects of tofacitinib on bone
density and bone markers in association with clinical and laboratory parameters in RA. Tofacitinib stabilized bone density and
resulted in a positive balance of bone turnover.
Introduction Janus kinase (JAK) inhibitors emerged as new therapeutic options in rheumatoid arthritis (RA). We have little
information on how it affects areal and volumetric bonemineral density (BMD) and bone turnover markers. The aim of this study
was to assess the effects of 1-year tofacitinib therapy on bone metabolism in RA.
Methods Thirty RA patients with active disease were treated with either 5 mg bid or 10 mg bid tofacitinib for 12 months. We
determined DAS28, CRP, IgM rheumatoid factor (RF), and anti-cyclic citrullinated peptide (CCP) levels, as well as serum levels
of sclerostin, osteocalcin (OC), P1NP, DKK-1, OPG, RANKL, and 25-hydroxy-vitamin D3. Areal and volumetric BMD were
assessed by DXA and peripheral quantitative CT (QCT), respectively.
Results Twenty-six patients (13 on each arm) completed the study. Tofacitinib was clinically effective by suppressing DAS28,
CRP, and HAQ. This was accompanied by the attenuation of further bone loss. Tofacitinib therapy significantly increased OC,
OPG, and vitamin D3, while decreased CTX levels (p < 0.05). Age and multiple bone markers (OC, CTX, P1NP, RANKL)
inversely correlated with L2–4 and femoral neck BMD by DXA. CRP, DAS28, and RANKL inversely determined volumetric
BMD by QCT. Age, CRP, anti-CCP, and DKK-1 influenced the effects of tofacitinib therapy on BMD changes.
Conclusions One-year tofacitinib treatment stabilized BMD in RA patients and resulted in a positive balance of bone turnover as
indicated by bone biomarkers. Further studies are needed to evaluate the potential beneficial effects of JAK inhibitors on
inflammatory bone loss.
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Introduction

Rheumatoid arthritis (RA) has been associated with general-
ized bone loss (osteoporosis), as well as localized inflamma-
tory bone resorption [1–6]. Low BMD compared to age- and
sex-matched healthy individuals, as well as increased fracture
risk, has been observed in about 60–70% of these patients [1,
3, 5, 6]. The receptor activator of nuclear factor κB (RANK)-
RANK ligand (RANKL) system is the major driver of inflam-
matory bone resorption [7, 8]. Pro-inflammatory cytokines
have been implicated in RA-related, RANKL-dependent bone
loss [2, 7–10]. RANKL, osteoprotegerin (OPG), which is a
soluble decoy receptor of RANKL, and the Wnt signaling
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pathways play important roles in osteoclast and osteoblast
differentiation and activation [11]. Dickkopf-1 (DKK1) and
sclerostin (SOST) are inhibitors of Wnt signaling. Activation
ofWnt signaling pathway in osteoblasts induces OPG produc-
tion, which reduces RANKL-induced bone resorption [11].
DKK1 and SOST may exert direct effects on each other, and
inhibition of DKK1 suppresses the level of SOST in rodent
models [4, 12, 13].

Before the biologic era, RA patients experienced signifi-
cant annual bone loss. For example, Gough and Emery [14]
assessed BMD in 148 early, active, DMARD-naive RA pa-
tients. The biannual BMD loss at different sites was between
5.5% and 10% [14]. Sambrook et al. [15] assessed the effects
of low-dose corticosteroids on BMD in RA for 2 years in three
patient groups. The mean rates of annual bone loss at the
femoral neck were 2% in corticosteroid-treated, 1.9% in un-
treated RA patients, and 1.0% in controls [15].

As systemic inflammation and pro-inflammatory cytokines
are major drivers of inflammatory bone loss, biologics may
slow down both generalized osteoporosis and the develop-
ment of periarticular erosions in RA [2, 4, 16–18]. Biologics
may also influence bone turnover and the production of bone
biomarkers. Anti-TNF-α agents were shown to increase se-
rum osteocalcin (OC) and procollagen type I N-propeptide
(P1NP) levels, which are markers of bone formation, and sup-
pressed C-terminal telopeptide (CTX) and RANKL levels,
which are markers of bone resorption in RA (reviewed in
[2]). On the other hand, anti-TNF agents increased OPG/
RANKL, OC/CTX, and P1NP/CTX ratios [19–21]. In most
studies, changes in bone biomarkers by biologics were asso-
ciated with improvements in disease activity and inflammato-
ry markers (e.g., CRP) in RA [2].

The Janus kinase (JAK) family of tyrosine kinases are
transducers of cytokine signaling [22, 23]. JAK inhibitors in-
cluding tofacitinib have demonstrated efficacy and safety in
patients with RA [18, 22, 24, 25]. In clinical trials, tofacitinib
inhibited radiographic progression (localized bone resorption)
[2, 26–30]. There have been relatively few studies on the
effects of tofacitinib on bone metabolism in arthritis.
Tofacitinib acts on osteoclast-mediated bone resorption by
inhibiting RANKL expression within the joints [27].
Another JAK inhibitor, baricitinib, also inhibits RANKL-
mediated osteoclast activity [31]. Tofacitinib and baricitinib
enhanced osteoblast function and improved bone mass in mu-
rine models [32]. These JAKinibs resulted in increased stabi-
lization ofβ-catenin and expression of anabolic bonemarkers,
such as osteocalcin and Wnt proteins [32]. In the rat adjuvant-
induced arthritis model, at the tissue level, tofacitinib in-
creased bone cortical and trabecular hardness after 22 days.
Tofacitinib decreased RANKL expression and increased
OPG/RANKL ratio in the serum. However, this compound
was unable to reverse the effects of inflammation on the cor-
tical and trabecular bone structure and on mechanical

properties. Authors concluded that longer exposure to
tofacitinib may be needed in order to see bone effects [33].
Tofacitinib may promote bone healing by recruiting human
mesenchymal stromal cells, inducing osteogenic differentia-
tion and reducing osteoclast activity [34]. In an MRI study,
tofacitinib treatment, both in monotherapy and in combination
with methotrexate, resulted in an early reduction of inflamma-
tion, bone edema, and that of the progression of structural
damage [28].

BMD is traditionally assessed by dual-energy X-ray absorp-
tiometry (DXA). Peripheral quantitative computed tomography
(QCT) is a useful and sensitive tool to study bone
microarchitecture, as well as various compartments, such as tra-
becular and cortical bone. While DXA is able to assess areal (2-
dimensional) BMD, QCT determines volumetric (3-
dimensional) BMD.Whereas QCT, similarly to DXA, is usually
used to evaluate BMD of the lumbar spine or hip, peripheral
QCT assesses BMD of peripheral parts of the body, such as
the forearms or legs [35–38]. In a previous study, we compared
QCT and DXA in RA patients and healthy individuals [39].

To our best knowledge, there have been no prospective
studies assessing bone status in RA patients undergoing
tofacitinib therapy. Therefore we conducted a 1-year study
in order to assess the effects on this compound on bone den-
sity and metabolism as determined by DXA, QCT, and bone
biochemical markers.

Patients and methods

Patients and study design

Thirty RA patients in need for targeted therapy are consecu-
tively recruited. Patient characteristics are seen in Table 1. The
cohort included 27women and 3men with mean age of 52.8 ±
10.0 (range: 27–69) years. Altogether 7 women in the 5 mg
bid and 6 patients in the 10 mg bid subset were in postmeno-
pausal status. The mean disease duration was 7.7 ± 5.0 (range:
1–21) years. Patients with active disease were recruited prior
to initiating tofacitinib therapy. Inclusion criteria included de-
finitive diagnosis of RA according to the 2010 EULAR/ACR
classification criteria for RA [40]; moderate–high disease ac-
tivity (DAS28 > 3.2) at baseline; and clinical indication of
targeted therapy. Patients were either naive to any targeted
therapies (n = 16) or initiated tofacitinib after stopping a
bDMARD followed by an appropriate washout period (n =
14). Exclusion criteria included inflammatory disease other
than RA, acute/recent infection, standard contraindications
to JAK inhibition, chronic renal or liver failure, malignancy
within 10 years, and the current use of anti-osteoporotic drugs
(bisphosphonates, denosumab, teriparatide, calcitonin). None
of the patients had known primary osteoporosis prior to the
diagnosis of RA. Altogether 10 patients in the 5 mg bid and 6
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in the 10 mg bid groups had received vitamin D supplemen-
tation prior to the study (Table 1). However, the dose of vita-
min D remained unchanged throughout the study. Although
most patients may have received corticosteroids prior to the
study, none of the patients were on corticosteroids for at least
3 months prior to and during the study. The 30 enrolled pa-
tients were randomly assigned in a 1:1 ratio to either 5 mg or
10 mg of tofacitinib twice daily (bid) treatment arms. All
patients received tofacitinib in combination with either meth-
otrexate (n = 23) or leflunomide (n = 7). Clinical assessments
were performed at baseline and after 6 and 12 months of
therapy. Eventually 4 patients (2 on each arm) completed the
6-month follow-up but did not complete the 1-year treatment.
Patients completing the 1-year treatment period were included
in the data analysis.

The study was approved by the Hungarian Scientific
Research Council Ethical Committee (approval No. 56953-
0/2015-EKL). A written informed consent was obtained from
each patient and assessments were carried out according to the
Declaration of Helsinki.

Clinical assessment

First, detailed medical history was taken. We inquired for
history of fragility fractures in all patients (Table 1). Further
clinical assessments including physical examination were per-
formed at baseline and after 6 and 12 months of therapy.

Bone densitometry and radiographic assessments

DXA examination in order to determine areal bone mineral
density (BMD) was performed using the LUNAR Prodigy
(GE-Lunar Corp., Madison, WI, USA) densitometer by a

single technician during the study period. The coefficient of
variation (CV) of the technique at our institute was 0.8% using
the anatomical spine phantom measured daily and there was
absence of machine drift during the study. The short-term
in vivo precision error for L2–L4 lumbar spine is 0.012
g/cm2 (LSC = 0.034 g/cm2 at 95% confidence level) and fe-
mur neck is 0.013 g/cm2 (LSC = 0.035 g/cm2 at 95% confi-
dence level).

In order to determine volumetric (3D) BMD, single-slice
quantitative computed tomography (QCT) assessments of the
ultra-distal region of the dominant forearm were performed
us ing a S t r a t ec XCT-2000 ins t rument (S t r a t ec
Medizintechnik GmbH, Pforzheim, Germany) as described
before [39]. Distal sites at 4% of the radius length contain
mainly trabecular bone. QCT can differentiate between corti-
cal and trabecular bone. Total, trabecular, and cortical BMD
values as determined by QCT are expressed as mg/cm3.
Setting to acquire the image were 0.59 mm voxel. Analysis
was completed using the XCT6.00B software (Stratec
Medizintechnik GmbH, Pforzheim, Germany) with measur-
ing mask set to radius and threshold density to 269mg/mm3 to
define trabecular bone.

Most patients underwent spine radiography in order to as-
sess fragility fractures.

Laboratory measurements and assessment of disease
activity and function

Blood samples were drawn from fasting patients in the morn-
ing into vacutainer tubes with clot activator. After centrifuga-
tion, the serumwas separated, aliquoted, and stored at − 70 °C
until use. Blood samples were taken at baseline, as well as
after 6 and 12 months of tofacitinib treatment.

Table 1 Patient characteristics

Tofacitinib 5-mg bid Tofacitinib 10-mg bid Total

Number of recruited patients (n) 15 15 30

Female/male ratio 14:1 13:2 27:3

Age (mean ± SD) (range), years 52.3 ± 11.4 (27–69) 53.3 ± 8.8 (34–69) 52.8 ± 10.0 (27–69)

Disease duration (mean ± SD) (range), years 6.3 ± 4.7 (1–15) 7.1 ± 4.9 (2–21) 7.7 ± 5.0 (1–21)

RF positivity, n (%) 12 (80) 12 (80) 24 (80)

Anti-CCP positivity, n (%) 13 (87) 11 (73) 24 (80)

DAS28 (baseline) (mean ± SD) 4.80 ± 0.69 5.29 ± 0.79 5.05 ± 0.77

Fragility fracture history 2 0 2

DXA L2-4 osteoporosis (T-score < − 2.5) 0 0 0

DXA L2-4 osteopenia (T-score < − 1) 7 3 10

DXA femoral neck osteoporosis (T-score < − 2.5) 1 2 3

DXA femoral neck osteopenia (T-score < − 1 4 4 8

Abbreviations:CCCP cyclic citrullinated peptide,DAS28 28-joint disease activity score,DXA dual-energy X-ray absorptiometry, RF rheumatoid factor,
SD standard deviation
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Serum high-sensitivity C-reactive protein (hsCRP; normal:
≤ 5mg/l) and IgM rheumatoid factor (RF; normal: ≤ 14 IU/ml)
were measured by quantitative turbidimetry (Cobas e 601-
Roche Diagnostics). ACPA (anti-CCP) autoantibodies were
detected in serum samples using a second-generation
Immunoscan-RA CCP2 ELISA test (Euro Diagnostica; nor-
mal: ≤ 25 U/ml). The assay was performed according to the
manufacturer’s instructions. Disease activity of RA was cal-
culated as DAS28-CRP (3 variables). Functional capacity of
the patients was determined by health assessment question-
naire (HAQ).

Bone biomarkers

Serum calcium (Ca; Roche Diagnostics; normal: 2.1–2.6
mmol/l) and phosphate (P; Roche Diagnostics; normal: 0.8–
1.45 mmol/l); parathyroid hormone (PTH; Roche
Diagnostics; normal: 1.6–6.9 pmol/l); 25-hydroxy-vitamin
D3 (25OHVITD3; DiaSorin; normal: ≥ 75 nmol/l);
osteocalcin (OC; Roche Diagnostics; normal: < 41 μg/l),
procollagen 1 N-terminal propeptide (P1NP; Roche
Diagnostics; normal: < 75 μg/l), C-terminal collagen
crosslinks (CTX; Roche Diagnostics; normal: < 0.57 μg/l),
sclerostin (SOST; Biomedica; median: 24.14 pmol/l), and ca-
thepsin K (CATHK; Biomedica; median: 8.7 pmol/l) were
determined by ELISA. Osteoprotegerin (OPG; normal:
515.3–1964.2 pg/ml), soluble RANKL (normal: < 1067.4
pg/ml), and Dickkopf-1 (DKK1; normal: 46.5–2225.7 pg/
ml) levels were determined by flow cytometry using a custom
multiplex bead immunoassay kit (LEGENDplex, BioLegend)
and analyzed by a LEGENDplex software (verison 8.0) [41].
All measurements were performed at baseline, as well as 6 and
12 months after treatment initiation.

Statistical analysis

Statistical analysis was performed using SPSS version 22.0
(IBM) software. Data are expressed as the mean ± SD for
continuous variables and percentages for categorical vari-
ables. The distribution of continuous variables was evaluated
by Kolmogorov-Smirnov test. Continuous variables were
evaluated by paired two-tailed t test and Wilcoxon test.
Nominal variables were compared between groups using the
chi-squared or Fisher’s exact test, as appropriate. Correlations
were determined by Pearson’s analysis. Univariable and mul-
tivariable regression analysis using the stepwise method were
applied to investigate independent associations between BMD
as determined by DXA or QCT (dependent variables) and
other clinical and laboratory parameters (independent vari-
ables). The β standardized linear coefficients showing linear
correlations between two parameters were determined. The B
(+ 95% CI) regression coefficient indicated independent asso-
ciations between dependent and independent variables during

changes. General linear model (GLM) repeated measures
analysis of variance (RM-ANOVA) was performed in order
to determine the additional effects of multiple parameters in-
cluding therapy on 12-month changes of DXA and QCT
BMD. In this analysis, partial η2 is given as indicator of effect
size, with values of 0.01 suggesting small, 0.06 medium, and
0.14 large effects.P values < 0.05were considered significant.

Results

Osteoporosis among the patients

In the 5-mg bid tofacitinib group, none had osteoporosis (T-
score < − 2.5) and 7 had osteopenia (T-score < − 1) at the
lumbar spine (L2–4 vertebrae) as determined by DXA. At the
femoral neck region, one had osteoporosis and 4 had
osteopenia. On the 10-mg bid arm, none of the patients had
L2–4 and 2 had femoral neck osteoporosis. Three patients had
L2–4 and 4 had femoral neck osteopenia. In the full cohort,
none of the patients had L2–4 and 3 patients had femoral neck
osteoporosis, while 10 patients had L2–4 and 8 had femoral
neck osteopenia. Two patients in the 5-mg bid subset had
previous vertebral fragility fractures. Interestingly, these two
patients did not have osteopenia or osteoporosis (Table 1).

Clinical response to tofacitinib therapy

Eventually a total of 4 patients, 2-2 each treatment arms,
dropped out after 6 months of treatment but before the end
of the study. Out of the 4 patients, 2 had inefficacy, one had
significantly elevated transaminases, and one moved abroad.
Thus, 13-13 patients on each arm completed the study and
were eligible for further data analysis.

JAK inhibition was highly effective. In the full cohort (n =
26), tofacitinib treatment resulted in significant decreases in
DAS28 after 6 months (3.31 ± 0.91; p < 0.001) and 12months
of treatment (3.32 ± 1.12; p < 0.001) compared to baseline
(5.05 ± 0.77) (data not shown). Similar observations were
made in the 5-mg bid and 10-mg bid subsets. On the 5-mg
bid arm, DAS28 at baseline, after 6 and 12months, was 4.80 ±
0.69, 3.23 ± 0.54 (p < 0.001) and 3.05 ± 0.77 (p < 0.001). In
the 10-mg bid subset, DAS28 changed from 5.29 ± 0.79 at
baseline to 3.39 ± 1.19 after 6 (p < 0.001) and 3.58 ± 1.36 after
12 months (p < 0.001) (data not shown).

Clinical improvement was associated with the suppression
of systemic inflammation as indicated by CRP. In the full
cohort, CRP decreased from 14.8 ± 14.9 mg/l at baseline to
5.3 ± 5.3 mg/l after 6 months (p < 0.001) and 7.4 ± 7.7 mg/l
after 12 months (p = 0.001). The respective CRP values were
13.3 ± 9.7 mg/l, 5.3 ± 3.7 mg/l (p = 0.002), and 7.1 ± 4.0 mg/l
(p = 0.022) in the 5-mg bid group, as well as 16.3 ± 18.9 mg/l,
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5.2 ± 6.7 mg/l (p = 0.016), and 7.7 ± 10.3 mg/l (p = 0.014) in
the 10-mg bid group (data not shown).

With respect to functional capacity as determined by HAQ,
in the full cohort, HAQ significantly improved from baseline
(1.38 ± 0.58) to 6 months (1.02 ± 0.67; p = 0.001) and 12
months (1.02 ± 0.71; p = 0.001). Similar changes were ob-
served in the 10-mg bid group: HAQ improved from 1.59 ±
0.50 at baseline to 1.10 ± 0.74 at 6 months (p = 0.010) and to
1.15 ± 0.73 at 12 months (p = 0.005). A non-significant ten-
dency of HAQ improvement was seen in the 5-mg bid group
(data not shown).

Effects of tofacitinib therapy on DXA and QCT bone
mineral density

One-year tofacitinib treatment inhibited further generalized
bone loss. When L2–4 vertebral (DXAL24BMD) and femoral
neck areal BMD (DXAFNBMD) were measured by DXA,
there were no differences between baseline and 12-month
BMD in the full cohort, as well as the 5-mg bid and 10-mg
bid subsets (p = NS) (Fig. 1A). Similar ly, total
(QCTTOTBMD), trabecular (QCTTRABBMD), and cortical
volumetric BMD (QCTCORTBMD) determined byQCTwas
unchanged from baseline (− 0) to 12 months (− 12) in the full,
5-mg bid, and 10-mg bid groups (p = NS) (Fig. 1B).

Table S1 shows the percentages on bone loss during
tofacitinib treatment in the full cohort, as well as in the 5-mg
bid and 10-mg bid subsets. One-year changes in areal BMD
were between − 0.9% and 0.7% in the full cohort, − 1.5% and
0.1% in the 5-mg bid, and − 0.2% and 1.4% in the 10-mg bid
subset (Table S1). Changes in volumetric BMDwere between
− 4.9% and 6.6% in the full cohort, − 8.1% and 8.2% in the 5-
mg bid, and − 1.5% and 4.9% in the 10-mg bid subset
(Table S1).

Effects of tofacitinib on bone biomarkers

In the full cohort, serum OC significantly increased after 6
months compared to baseline (p = 0.013), but only non-
significantly after 12 months (Fig. 2A). CTX significantly
decreased after 6 months (p = 0.009) and 12 months (p =
0.003) versus baseline (Fig. 2B). Tofacitinib also increased
OPG levels after 6 (p = 0.006) and 12 months (p = 0.004)
(Fig. 2C), as well as 25OHVITD3 after 6 (p = 0.017) and 12
months (p = 0.009) (Fig. 2D). In the 5-mg bid group, OC also
increased after 6 months (p = 0.027) (Fig. 2A), OPG increased
after 6 (p = 0.005) and 12 months (p = 0.002) (Fig. 2C), and
vitamin D3 also increased after 6 (p = 0.001) and 12months (p
= 0.004) (Fig. 2D).With respect to the 10-mg bid subset, CTX
decreased after 6 (p = 0.005) and 12 months (p = 0.007) (Fig.
2B) and OPG increased after 6 (p = 0.047) and 12months (p =
0.029) (Fig. 2C). Tofacitinib did not change PTH, P1NP,
RANKL, DKK1, and SOST significantly (data not shown).

Table S2 shows the above presented changes in bone bio-
marker levels in the full cohort, as well as in the 5-mg bid and
10-mg bid subsets. Only those markers are included in
Table S2, which show significant changes.

Correlations between bone mineral density and
laboratory biomarkers

In the simple Pearson’s correlation analysis, there have been
multiple correlations between areal/volumetric BMD data and
bone biomarkers at baseline or after 12 months of tofacitinib
treatment. All these correlations are presented in Table S3.

The univariable regression analysis suggested that CTX-0
may be a negative determinant of DXAL24BMD-0, while
CTX-0, RANKL-0, CTX-12, and P1NP12 may inversely de-
termine DXAL2BMD-12 (p < 0.05) (Table 2). Similarly, age,

Fig. 1 Effects of 1-year tofacitinib therapy on areal and volumetric BMD, total, 5-mg bid, and 10-mg bid subsets. (A) Baseline and 12-month L2–4
vertebral and femoral neck BMD as determined by DXA. (B) Total, trabecular, and cortical volumetric BMD changes as determined by QCT
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OC-0 and CTX-0 were negative determinants of
DXAFNBMD-0 and DXAFNBMD-12. Moreover, OC-12
and P1NP-12 also negatively associated with DXAFNBMD-
12 (p < 0.05) (Table 2). Among the QCT parameters,
QCTTOTBMD-12 was negatively determined by CRP-12,
QCTTRABBMD-0 by DAS28-0, while QCTCORTBMD-
12 by RANKL-0 and CRP-12 (p < 0.05) (Table 2).

The multivariable analysis confirmed negative associations
between CTX-0 and DXAL24BMD-12, age and OC-0 with
DXAFNBMD-0, age, OC-0 and CTX-0 with DXAFNBMD-
12, as well as RANKL-0 and CRP-12 with QCTCORTBMD-
12 (p < 0.005) (Table 2).

Finally, RM-ANOVA was performed in order to assess
independent determinants of 12-month changes in areal and
volumetric BMD as dependent variables. Tofacitinib treat-
ment exerted combined effects with either lower CCP-0 or
lower DKK1-0 on 12-month changes in DXAL24BMD.
Similarly, tofacitinib therapy in combination with whether
lower age or lower CRP-0 significantly determined 1-year
changes in QCTCORTBMD (p < 0.05) (Table 3).

Discussion

To our best knowledge, this may be the first 1-year, prospec-
tive study assessing bone status including areal and volumet-
ric BMD, as well as bone biomarkers in RA patients

undergoing tofacitinib therapy. We also compared 5-mg bid
and 10-mg bid dosing.

RA has been associated with both generalized osteoporo-
sis, as well as localized bone resorption leading to periarticular
erosions [1–4]. There have been numerous studies indicating
that biologics inhibit the development of osteoporosis and
periarticular erosions in RA [2, 4, 16–18]. We and others have
reported that biologics may also influence bone turnover and
the production of bone biomarkers [2, 19–21]. JAK inhibitors
including tofacitinib have emerged as potent targeted synthet-
ic DMARDs with efficacy and safety comparable with bio-
logics [18, 22, 24, 25]. Tofacitinib inhibits localized bone loss
as in clinical trials this compound inhibited radiographic pro-
gression [2, 26–30]. Tofacitinib suppresses RANKL expres-
sion and osteoclast-dependent bone resorption [27, 33] and it
also stimulates osteoblast function and stabilizes Wnt-
dependent bone formation [32].

Many of our patients had osteopenia and some also had
osteoporosis. Eventually 24 out of 30 patients completed the
study. Tofacitinib in both doses resulted in significant clinical
improvement and suppression of systemic inflammation. In
parallel, one-year tofacitinib therapy attenuated the further
development of osteoporosis, as neither areal nor volumetric
BMD changed over time. These findings may be explained by
the bone metabolic effects of JAK inhibition described above
[27, 32, 33]. However, we could not compare our data on
BMD with any other reports as no prospective studies have

Fig. 2 Effects of 1-year tofacitinib therapy on (A) osteocalcin, (B) CTX, (C) osteoprotegerin, and (D) 25-hydroxy-vitamin D3 levels. Total, 5-mg bid,
and 10-mg bid subsets. *p < 0.05
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been carried out on the effects of tofacitinib on BMD changes.
On the other hand, before the era of targeted therapies, RA
patients experienced an annual BMD loss of about 2–5% [14,
15]. In our study, in general, the percentage of areal bone loss
at different sites during tofacitinib treatment was between
0.2% and 1.5%. Increased BMD upon treatment could be
observed at some sites.

With respect to bone turnover, we assessed 12 bone bio-
markers described above. One-year tofacitinib treatment in-
creased OC, OPG, and 25OHVITD3 and decreased CTX
levels. Thus, markers of bone formation and 25OHVITD3
increased, while the marker of bone resorption decreased

resulting in positive balance of bone turnover. Increased
25OHVITD3 levels upon tofacitinib treatment may be, at least
in part, associated with the usual improvement of functional
capacity and physical activity and when comparing the two
dosages, 10 mg tofacitinib bid increased OPG and decreased
CTX also resulting in a positive balance. However, we did not
see these effects in the 5-mg bid subset. In other studies,
tofacitinib decreased RANKL production [27, 33] and in-
creased OPG/RANKL ratio [33]. This compound also stabi-
lized the anabolic Wnt proteins, β-catenin, and OC [32].
However, there have been no studies assessing multiple bio-
markers of bone resorption and bone formation.

Table 2 Univariable and multivariable analysis of determinants of DXA and QCT parameters

Dependent variable Independent variable Univariable regression analysis Multivariable regression analysis

β p B 95% CI β p B 95% CI

DXAL24BMD-0 CTX-0 −0.463 0.015 −0.414 −0.741- -0.088
DXAL24BMD-12 CTX-0 −0.474 0.013 −0.432 −0.763- -0.101 −0.474 0.013 −0.432 −0.763- -0.101

CTX-12 −0.484 0.043 −0.392 −0.952- -0.016
P1NP-12 −0.457 0.017 −0.003 −0.006- -0.001
RANKL-0 −0.390 0.045 0 −0.001-0

DXAFNBMD-0 Age −0.531 0.004 −0.009 −0.025- -0.003 −0.522 0.001 −0.009 −0.012- -0.004
OC-0 −0.558 0.002 −0.017 −0.027- -0.007 −0.550 < 0.001 −0.017 −0.025- -0.008
CTX-0 −0.555 0.003 −0.751 −1.215- -0.288

DXAFNBMD-12 Age −0.568 0.002 −0.010 −0.015- -0.004 −0.543 < 0.001 −0.009 −0.013- -0.005
OC-0 −0.536 0.004 −0.016 −0.027- -0.006 −0.345 0.030 −0.010 −0.020- -0.001
OC-12 −0.482 0.011 −0.010 −0.017- -0.003
CTX-0 −0.549 0.003 −0.739 −1.202- -0.275 −0.312 0.048 −0.420 −0.836-0.005
P1NP-12 −0.382 0.049 −0.004 −0.008-0

QCTTOTBMD-0 -

QCTTOTBMD-12 CRP-12 −0.389 0.033 −2.359 −4.519- -0.199
QCTTRABBMD-0 DAS28-0 −0.389 0.034 −20.730 −39.730- -1.72
QCTTRABBMD-12 -

QCTCORTBMD-0 -

QCTCORTBMD-12 RANKL-0 −0.398 0.029 −0.217 −0.410- -0.023 −0.364 0.031 −0.198 −0.377- -0.019
CRP-12 −0.424 0.020 −4.305 −7.867- -0.743 −0.392 0.021 −3.983 −7.325- -0.641

Abbreviations: BMD bone mineral density, CI confidence interval, CORT cortical, CRP C-reactive protein, CTX C-terminal collagen crosslink, DAS28
28-joint disease activity score, DXA dual-energy X-ray absorptiometry, FN femoral neck, L24 lumbar 2–4 vertebrae, OC osteocalcin, P1NP type 1
procollagen N-terminal propeptide,QCT quantitative computed tomography, RANKL receptor activator nuclear factor kappa B ligand, TOT total, TRAB
trabecular

Table 3 Significant results of
general linear model (GLM) re-
peated measures analysis of vari-
ance (RM-ANOVA) test deter-
mining the effects of treatment
and other independent variables
on DXA and QCT parameters as
dependent variables

Dependent variable Effect F p Partial η2

DXAL24BMD 0-12 treatment * lower CCP-0

treatment * lower DKK1-0

5.804

4.089

0.024

0.044

0.188

0.141

QCTCORTBMD 0-12 treatment * lower age

treatment * lower CRP-0

4.715

4.774

0.039

0.037

0.144

0.146

Abbreviations: BMD bone mineral density, CCP cyclic citrullinated peptide, CORT cortical, CRP C-reactive
protein,DKK1Dickkopf-1,DXA dual-energy X-ray absorptiometry, L24 lumbar 2–4 vertebrae,QCT quantitative
computed tomography
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In the correlation analyses, there have been numerous as-
sociations between areal or volumetric BMD at baseline and
after 12 months of treatment and multiple bone biomarkers
especia l ly OC, p1NP, CTX, RANKL, and PTH.
Interestingly, areal BMD assessed by DXA inversely correlat-
ed with OC, P1NP, CTX, and RANKL, while volumetric
BMD as determined by QCT was inversely associated with
PTH and RANKL but not with the other biomarkers. The
univariable and multiple regression analyses supported the
associations between some of these bone markers (OC,
CTX, P1NP, RANKL) and BMD. Thus, these biomarkers
may be the most important in determining areal and volumet-
ric BMD. Moreover, some of the biomarkers at baseline cor-
related with DXA or QCT BMD after 12 months indicating
that these bone markers may predict BMD after 12 months.

In the univariable and multivariable analyses, not only
bone markers but also age, DAS28, and CRP correlated with
BMD. Age determined femoral neck but not lumbar spine
BMD. In addition, age at baseline not only associated with
DXAFNBMD at baseline but also predicted FN BMD after 12
months. Disease activity (DAS28) and marker of systemic
inflammation (CRP) negatively correlated with volumetric
BMD suggesting that the dampening of systemic inflamma-
tion by tofacitinib treatment may be a major reason for the
improvement of bone status in RA.

RM-ANOVA is a useful tool in determining the combined
effects of tofacitinib treatment and other biomarkers on BMD
changes. Tofacitinib therapy together with lower anti-CCP
antibody or DKK1 levels predicted the change of DXA L2-4
vertebral BMD, while therapy in combination with lower age
or CRP levels determined QCT cortical BMD change. These
results suggest that age, autoimmunity, as well as inflamma-
tory and bone markers may influence the effects of tofacitinib
treatment on 12-month BMD changes.

With respect to the two doses, we did not find major dif-
ferences between the 5-mg bid and 10-mg bid subsets in terms
of BMD or bone biomarker changes. As the 10-mg bid dose
may have more safety issues and this dose is not registered for
the treatment of RA in the EU, 5-mg bid tofacitinib could be
recommended for the preservation of bone status in RA.

Our study has certain advantages and limitations. To our
knowledge, this is the first study that longitudinally assesses the
effects of tofacitinib on BMD in association with disease activity
and bonemarkers.We indeed determined a high number of bone
biomarkers in these patients.Wewere able to compare two doses
of tofacitinib and had only 4 dropout cases. The possible limita-
tions of this study include the relatively low number of patients.
However, we assessed BMD, as well as a great number of bio-
markers in a prospective manner, which would have been more
difficult in a larger patient cohort.

In summary, tofacitinib therapy slowed down bone loss in
RA. Independent predictors of areal BMD were age, OC, and
CTX, while those of volumetric BMD were CRP and RANKL.

Age, CRP, ACPA, and DKK-1 influenced the effects of
tofacitinib therapy on BMD changes. Further studies are needed
to evaluate the potential beneficial effects of tofacitinib and other
JAK inhibitors on inflammatory bone loss.
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