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Abstract

Chronic inflammatory joint diseases are a heteregas group of disorders associated with
local and systemic bone loss. Tumor necrosis faepha (TNF), a pivotal pro-
inflammatory cytokine common in the pathogenesighalse diseases, is known to induce
bone loss by increasing osteoclast recruitmentaatiglity. Anti-TNFo antibodies used in the
treatment of inflammatory arthropaties may influerice risk of osteoporosis, by preventing
bone loss. The exact mechanism of preventing basgeHas not yet clearly assessed.

The main purpose of this work was to examine thetdlationof biochemical markers of
bone metabolism induced by three different anti-Talients (Infliximab, Etanercept and
Adalimumab), taking into account their differentgpimacokinetic profiles.

We evaluate patients with inflammatory rheumatisedses treated with biologics. Data on
demographic characteristics, pharmacological treatrhistory, anti-TNF treatment duration
and disease activity (Bath Ankylosing Spondylitis&ase Activity Index, BASDAI, Disease
activity score for 28 joints, DAS28) were collect®lood and urine samples were collected
in the day of drug administration (day A), immedligt before administration and in the
estimated day of maximum plasmatic level of eaclgdday I). We determined, by ELISA,
serum bone-specific alkaline phosphatase (sBAP)nseosteocalcin (sOC) and urine
deoxipyridinoline (uDPD) using creatinin (Cr) asnarmalization factor for urine samples.
Changes between days were analyzed by Paired sdmelet. Statistical significance was
assumed fop values <0.05.

These study enrolled 58 patients (67,2% femaleS);wsth rheumatoid arthritis (RA)
(DAS28=3.8+1.4), 17with ankylosing spondylitis (AS) (BASDAI=3.41£2.3)nd 6 with
psoriatic arthritis (PsA) (DAS28=3.1+1.1), with aeam age 48,9+14 years. The average

biological treatment duration was 25+16 months. ri¢jes in biological parameters from
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baseline (day A) to day | were calculate and alesgnted graphically. We also performed
ratios between formation and resorption marker<(sOPDcr and sOC/uDPDcr).

Our study showed an oscillation towards a decreAdePDCr, a bone resorption marker,
between the day of minimum and maximum anti-&Ni¥atibodies plasmatic levels mainly for

infliximab and etenercept groups. Contrariwise bdaenation markers (OC and BAP)

showed no statistical significant changes with aception for sBAP for the Adalimumab

group. The positive change on ratio bone formatesorption markers lead to a net bone
formation, which suggest that anti-Tiantibodies prevent osteoporosis. Further resaarch
warranted to clarify whether fluctuations and d#fieces are reflected in the actual

osteoporosis risk in these patients.
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Introduction

Immune mediated inflammatory diseases are a p#atigroup of chronic illness, which
interfere substantially with patient’s life qualignd incur significant costs to patients and
society. Chronic inflammatory joint diseases comgran heterogeneous group of disorders
characterized by chronic inflammation of synoviasties and osteitfsleading to destruction

of joint cartilage and a significant bone Iés§hese features lead to impaired function and
disability, and to an increased risk of fracturdneBmatoid arthritis (RA), spondylarthritis
(SpA) such as ankylosing spondylitis (AS) and pariarthritis (PsA) are all examples of
diseases in which joint inflammation is linked wskeletal and bone pathology. Each disease
has a unique impact on skeletal tissues but, gsgshare some of the mechanisms of bone
remodeling, all of them are useful models for stngythe influence of chronic inflammation

in bone?

Rheumatoid arthritis is the archetype for an inftaabory arthritis and is characterized by
poliarticular synovitis with a symmetrical and dild# involvement paterf.The chronic
inflammatory process results in extensive local ebdass evidenced by justa-articular
osteopenia and erosiohs, radiological features of “early” RA, and geniaedl osteoporosis,

one of the most common extra-articular manifestatiof the diseast’®

Infiltration of inflammatory cells such lymphocytesctivated macrophages and plasma cells
results in the marked expansion of synovial tissith cell proliferation and villi formation,
which occupy the joint space and is known as "pahh(® The pannus invades the articular
cartilage and adjacent bone tissue and the inflammnanediators released by these cells
contribute to cartilage and bone destruction. Tumecrosis factor alpha (TN is

considered to be the predominant pro-inflammatgtglane in RA and plays a pivotal role in
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the synovitis and destructive process of this disea

It is believed that disturbance of bone homeost&sislriven by the cellular action of
osteoclasts. The enhance of formation of theses ¢ellRA is due to local and systemic
production of inflammatory cytokines such as Ti\Nkterleukin (IL)-1, IL-6, and IL-17 as a
results of an intensive crosstalk between thosk @ld osteoblasts, osteocytes, synovial
fibroblast-like cells, and activated T and B celbich express the receptor activator of
nuclear—kB ligand (RANKL), an essential mediatorosteoclastogenesisNumerous TNF
family members including RANKL, TNk Fas ligand (FasL) and TNF-related apoptosis
induced ligand (TRAIL) play pivotal roles in thefférentiation, function, survival and/or
apoptosis of osteoclalBinding of RANKL to the RANK receptor on the OCegursors and
mature osteoclasts, leads to stimulation of seveighalling pathways of osteoclast
differentiation and activation.RANKL synthesis is under influence of pro-inflamiory
cytokines, especially TNF*° which are abundantly present in the inflamed sjumavand the
systemic circulatior.Besides that this high level of RANKL expressisnnot balanced by
the production of its physiologic inhibitors, mainbsteoprotegerin (OPG)—an osteoblast-

derived soluble decoy receptor of RANKL which bledRANK-RANKL interaction, thereby
inhibiting osteoclast formatiot'® The RANKL/OPG ratio determines the degree of

proliferation and activity of osteoclasts, this teys imbalance may be the final common

pathway and mediator of osteoclastic bone resarptielding a negative net effect on bone

mass in RA°

The knowledge of molecular basis of inflammatorggass of RA has led to research and
development of biological agents, which inactivateese cytokines. In addition to

corticosteroids, non-biologic DMARD’s, the most eaet approved therapies (Biological
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DMARD'’s) focus on TNl blockade and more recently the altering IL-6 sligigaand anti-
lymphocyte biologic therapeutic strategies provigedent therapeutic effects in protecting
bone demineralization in RAThere are three monoclonal antibodies (mAb) (tirfiiab,
Adalimumab, Golimumab), a pegylated monoclonaltardy (Certolizumab) and a soluble
receptor, which binds to soluble and membrane fawmENFa that can counterbalance the
pathological effects of TNFin clinical use-**?

Etanercept is a soluble TNNFreceptor’ a dimeric protein that inhibits signal tranduction

pathway, thus the proinflamatory activity*® Infliximab is a chimeric mAb that binds to both

soluble and transmembrane ToN&nd mediate programmed cell dedtt? Adalimumab is a

recombinant human mAb that also binds to both deland transmembrane TNFRthereby

preventing TNl binding to its receptor, demonstrating its effemt cell lysis and
apopotosig*?

The clinical efficacy of these drugs, control ofli@dogical progression and reduction of acute
phase proteins in patients with RA, is well docutednin numerous studiés*'>® At the

same time it is also known that the inhibitory moi@ of anti-TNF varies individually, and
has been revealed to inhibit the formation of bersions in many patients in whom signs
and symptoms remains presgértonsidering that the same cytokines are involveith fon
local and generalized bone loss, it is rationasgeculate that biologic agents could directly
perform a protective action on bone remodeling @f/@nobably the different biologic drugs
exert variable effects on local and systemic bas®nption typical of RA. TNFa blockade
by these biologic drugs can act directly by inhilgtthe stimulatory effect of TNFon
osteoclastogenesis, but also trough the reductidRANKL as its expression is increase in
RA patients’ Currently, there are few data regarding the effe¢treatments directed against

TNFa, IL-1 and IL-6 on systemic bone loss in RA patieht
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Moreover, markers of bone metabolism comprise itgmbrtools in the evaluation of bone

remodeling activity, as they change faster thanebammeral density (BMD) measurements
used currently in clinical practice. Thus, the afthis study as to evaluate the influence of
biologic therapeutics in bone metabolism markensatients submitted to anti-TNFIrugs.

As a specific aim this study will examine the fluation of biochemical markers of bone
metabolism (formation and reabsorption) induced thyee different anti-TNF agents

(Infliximab, Etanercept and Adalimumab), takingarccount their different pharmacokinetic
profiles. The main reason for this study is the&la€ knowledge about short-term effect of

anti-TNF agents on bone markers, thus reflectingtwshhappening at a systemic level.
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Methods

Patients and Study Design

This study included patients (n=58) with inflammatcheumatic diseases such as rheumatoid
arthritis (AR), ankylosing spondylitis (AS) and pisic arthritis (PsA), which were currently
under biologic treatment with one of the followimgnti-TNF agents (Adalimumab, n=6;
Etanercept, n=24 and Infliximab, n=28) for at le@stveeks. They were randomly selected
from the pool of patients under biologic treatmienthe Rheumatology Department of Centro
Hospitalar Universitario de Coimbra. The treatmesgimes for these biologics agents were
as follows: Etanercept 25 mg twice/week, subcutaskgo Adalimumab 40 mg each 2 weeks,
subcutaneously and Infliximab 3mg/Kg every 8 wekksRA patients and 5 mg/Kg every 6
weeks for PsA and AS patients. Stable non-bioldgl@MARDSs, oral glucocorticoids
(maximum 10 mg/day prednisone or equivalent) orstemoidal anti-inflammatory drugs
were permitted throughout the studyata on demographics, pharmacological treatment
history, anti-TNF treatment duration, disease @gtilBath Ankylosing Spondylitis Disease
Activity Index, BASDAI; Disease activity score fd&8 joints, DAS28), functional status
(Bath Ankylosing Spondylitis Functional Index, BAISHealth Assessment Questionnaire,
HAQ) were collected from patients’ files, after aioing informed consent. Blood and urine
samples (T or 2'¥ morning urine after 12 hour’s fasting) were caietin the day of drug
administration immediately before administratioay(dA / baseline), and in the estimated day
of maximum plasmatic level of each drug (day |- fheand the 3 day after administration of

Adalimumab and Etanercept respectively). For lifib day | was assigned to the28r
21% day after administration, for 8/8 and 6/6 weekimesp, respectivel}?'®'° Only patients

with a baseline sample and the post dosing samgile included.

10
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Biochemical Marker Assays

Blood and urine samples, from both days (baselivteday of maximum concentration) were
centrifuged at 3000 rpm during 15 minutes at roemgderature. Several serum and urine
supernatant aliquots were conserved at -80°C tn&tyf were used for analysis of C-reactive
protein level (CRP), erythrocyte sedimentation @8R) and bone metabolism. In order to
evaluate bone metabolism we choose 2 bone formatarkers: serum bone-specific alkaline
phosphatase (sBAP) and osteocalcin (sOC), and w&oxipyridinoline (uDPD) as bone
resorption marker all quantified by ELISA (Quidebi@oration, San Diego, USA). Urine
creatinin (Cr) was measured in accordance withmbdified Jaffe colorimetric reaction and
used as a normalization factor for the urine DPDrkewa The sensitivity of the
abovementioned ELISA assays were 0,7 U/L, 0,45 hg020 ng/ml, 1,1 nmol/L,
respectively. The change in biological parametemnf baseline (day A) to day | were
calculate as (biological parameter day | - biolagigarameter day A)/ biological parameter
day A). Given that the literature is not consensnahis respect, we also performed several
other approaches such a9 (biological parameter Day | - biological paraerebay A) and
ratio between formation and resorption (sOC/uDP&wt sOC/uDPDcr) after converting to

the same units.

Statistics

All the results from bone metabolism markers aesented as the mean * standard deviation
(SD) unless otherwise statement. Parametric andpacametric tests were employed to

assess differences with normally and non-normaiyriduted variables as estimated by the
Kolmogorov-Smirnov Test. To compare each markerceatrations’ on day A and | within

treatment groups we used Paired sample T $atistical analysis and data processing were

11
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performed using IBM SPSS Statistics software, wers?2. Statistical evaluations were

conducted at the 5% level of significance (2-tgilgavalues <0.05).

12
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Results

Patient Demographics

Fifty-eight patients, with rheumatoid arthritis (RA=35), ankylosing spondylitis (AS, n=17)
or psoriatic arthritis (PsA, n=6) were included.e$h patients comprise three subgroups
according to type of therapy instituted (Infliximabtanercept and Adalimumab), and these
where the bases of our comparisons. Baseline niaioat characteristics are listed in Table
1, categorized by type of treatment. The whole groamprised 39 women and 19 men, with
a mean = SD age of 48,9+14,0 years, mean + SDshisgaration of 15 years (range from 2
years to 42 years). The disease activity for eaohigywere as follows: in patients with RA
(DAS28=3.8+1.4), in AS (BASDAI=3.4+2.3) and in Ps@®AS28=3.1+1.1). Taking all
together these patients were under biological reat for 24.9+16.1 months (Table 1).
During study forty two (72,4%) were under metottexiieatment (median 12 mg/day), thirty
four (58,6%) were taking corticosteroids (mediaim§/day), twenty-three (39,7%) were
taking calcium and twenty-four (41,4%) cholecalmle eighteen (31%) were taking
biphosphonates, twelve (20,7%) were taking AINES8 jaist one patient was doing hormonal
replacement therapy.

As described in Table 1 there where no signifigifierences in demographic characteristics
between groups (type of treatment) and the adaliatuigroup was the one that shown

smallest disease duration, biological treatmenbger

13
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Table 1. Baseline demographic characteristics of patients, disease activity and treatment duration by type of
treatment

Infliximab
(n=28)/48,3%

All Biologicals
(n=58)/100%

Adalimumab
(n=6)/10,3%

Etanercept
(n=24)/41,4%

Age, years
Meanx SD 48,9+14,0 48,6+14,5 49,8+14,4 46,2+11,6
Median 51 50,5 51,5 47
(Min, Max) (14,75) (17,75) (14,72) (27,56)
Sex, n/%
Female 39/67,2 16/57,1 18/75 5/83,3
Male 19/32,8 12/42,9 6/25 1/16,7
Biological
Treatment duration,
months
Mean+ SD 24,9+16,1 28,6+18,9 21,3+10,8 17,4+13,8
Median 20,5 26 20 15,3
(Min, Max) (3,73) (5.73) (3,44) (3,36)
Disease duration,
years
Mean+ SD 14,6+9,0 14,1+8,2 15,5+10,4 11,7+614
Median 15 15 15,5 13
(Min, Max) (2, 42) (2,30) (2,42) (5.17)
WME:,?”T'S'%? 67.3+12.0 67.4+12.7 67.3+12.2 65.76
(Min. Max) (42, 92) (42, 87) (46, 92) (60, 72)

Temporal Changes in Biomarker Levels Following Tretment

When we observed the meanzt standard deviation {@D9ach bone metabolism marker for

day A and day | within each drug, as shown in Feglirit is not manifest differences between

days. For the sBAP and sOC markers the mean gralues for each day were similar with

tiny changes (Figure 1A and B). For bone resorpivenfound, on day | ubDPDCr meanz SD

lower than day A for each group (Figure 1 C)

14
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Figure 1- Mean and standard deviation values for Day ARay | in patients treated with anti-TNby type
of treatment forA. Serum bone alkaline phosphataseB. Serum osteocalcinC. Urine DPDcr. (Abreviations:

DPD- Deoxipyridinoline, BAP- Bone Alkaline PhosphsgaOC- Osteocalcin).

At the same time in bone balance assessment thrthegglBBAP:DPDcr (Figure 2 A) or
OC:DPDcr (Figure 2 B) ratios showed an overall @ase toward day | for infliximab and

etanercept group.
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Figure 2— Mean and standard deviation values for Day A aagt Din patients treated with anti-TNy type
of treatment forA. Serum BAP/urine DPDCr Ratio; B. Serum OC/Urine DPDCr ratio (Abreviations: DPD-

Deoxipyridinoline, BAP- Bone Specific Phosphatase; OGteocalcin).

As the main goal of this study was to estimateittieience of biological therapeutic and
examine the fluctuation induced by the three défer anti-TNF agents (Infliximab,
Etanercept and Adalimumab) on bone metabolism makke performed paired sample T test

that compares the means of two variables for alesiggoup. Thus the differences between

17
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values of the two variables were computed for ease and it was tested whether the average
differs from zero. In those comparisons, as we s@ in Table 2 we found paired sample
statistics significance for ubDPDcr, sSBAP/uDPDcr a@C/uDPDcr ratios for all biologicals,
for infliximab and for etanercept groups. The adalmab group only had statistical paired

differences for sBAP (Table 2).

Table 2. Paired sample T Test (paired differences)

Delta (A All Biologicals Infliximab Etanercept Adalimumab
g p

A SBAP (U/L)

Mean+ SD -0,3+3,9 -0,04+3,5 -0,6+4,6 -0,88+0,3

p 0,508 0,950 0,528 0,09*

A sOC (ng/mL)

Mean+ SD -0,1+2,6 +0,2+3,2 -0,3+1,8 -1,3+1,7

p 0,722 0,722 0,394 0,217

A uDPDCr

(nmol/mmol)

Mean+ SD -1,7+2,8 -1,842,4 -1,743,3 -1,3+1,4

p 0,000* 0,001* 0,022* 0,416

A (sBAP/uDPDC)

Mean+ SD 2,745,8 4,2+7,6 1,2+2,1 1,52

p 0,001* 0,009* 0,019* 0,492

A (sOC/uDPDCr)

Mean+ SD 0,1+0.2 0,1+0,2 0,052+0,1 0,09+0,2

p 0,002* 0,021* 0,027* 0,567

(Abreviations: DPD- Deoxipyridinoline, BAP- Bone Alkaline Phospas¢, OC- Osteocalcin, u- urine, s- Seruny;
biological parameter day | — biological paramet&y é; * Statistical significance using paired sampltest analysis.

In order to better represent these differences aréopned and represented graphically the
change as a percent relative to baseline [(dagy-A)/day A *100)], as shown in figure 3.

Here we can observe that there was an overall deerf@xpressed by the negative percentage
changes), without statistical differences in CRE BSR measurements in day |, except for
ESR in the Etanercept group which had a non-sicamti percentage change (Figure 3 C).
Besides that, in these graphic representationsmé Imetabolism markers and bone ratios we
saw a statistical significant decreases (UuUDPDal)iacreases (bone ratios) relative to baseline

for all anti-TNF togheter (Figure 3A) and for inflimab and etanercept groups (Figure 3 B

18
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and C). These changes for bone ratios rounded thare50% and these means that, day |
ratio presented, broadly, higher values which otfeepositive effect on bone balance with a

decrease in resorption. The infliximab showed &ighercentage changes for these bone

ratios than the others biological drugs (Figure)3 B
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Figure 3- Mean percentage changes for biochemical (CRP, H8Re markers (sSBAP, sOC and uDPDcr) and
bone formation/bone resorption ratio, at day |treégato baseline (day AYor all biologicals (A), infliximab
group (B), etanercept group (C)andadalimumab group (D). (Abbreviations: C-reactive protein level, CRP;

erythrocyte sedimentation rate, ESR; serum bonefgpeadkaline phosphatase, sBAP; serum osteocals®(C; urine
deoxipyridinoline, uDPD; Creatinine, Cr). Statisticidjnificance for paired sample T test comparidogisveen day A and

day | *p<0.05 and **p<0.01
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Discussion

In our first analysis of baseline demographic datadeduce that this sample cohort behavior
as a homogeneous subset with similar demograplhacacteristics (age, weight), as well
disease and treatment duration. There were nofisigmi differences between the 3 groups of
biological treatment (Table 1). We also ensure #iathe concomitant therapeutics didn’t
change during the study period. These observatibow us to perform comparisons between

different biological treatment groups even withfeliént pathologies included in each group.

The main goal of our study was to evaluate theuerfte/impact of each biological drug on
bone metabolism, namely on maximum serum drug cdreten, expressed by changes on
several bone metabolism markers. In generalityissudescribed on literature comprise long-
term changes in several markers. Here, as we neeaguparameters in a short period of time
we’ve tried to provide evidence that changes mightelated to the biologic itself rather than
several cumulative factors arising in a long styayiod, such as changes in concomitant
medication, disease progression, reducing actifeannmation and the associated pro-
inflammatory cytokines.

Recent evidences indicate that T&\FIL-6 and ILI3* being important mediators of
inflammation, plays a pathological role in jointstieiction and osteoporosi$** These
cytokines have been shown to stimulate osteocla$trehtiation, increase osteoclast
activation, inhibit osteoclast apoptosis and inhdsteoblast differentiatiorin vitro studies
showed that they also reduce bone formation inucedt osteoblastand can induce bone
resorptior’’ supporting the knowledge that inflammation is afiehe strong risk factor of
osteoporosis. Being one of the most important agwkn these pathologies, the anti-TdNF
blockade inhibits the acute-phase response, pratiée of fibroblasts, and recruitment and

activation of leukocyte® thus providing significant protection against joéestruction and
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osteoporosis. It is known that these inflammatomsdrators in RA modify the relationship
between bone formation and resorption by stimuiatisteoclasts and inhibiting osteobldsts.
Our findings are in accordance to other studiet dlsd reported more expressive results in
bone resorption thus suggesting that &Nfhtagonists may prevent the inflammatory bone

demineralization in TN& driven systemic arthriti3.

Biochemical markers of bone metabolism comprisecam of proteins that can be used to
real-time assessment of resorption, formation ameradl bone turnove? Taking into
account bone metabolism markers our results clstwdyved (Figure 1 and Table 2) that bone
resorption marker (uDPDCr) (Figure 1 C and Tablec@yld predict a positive effect of
infliximab and etanercept on bone turnover, as wendl a statistical significant decrease
thoward day | for these resorption marker. This kearshowed nearly more than -25%
percentage change relative to baseline with gtaissignificance (Figure 3 B). Our results

are in accordance to others studies publifed.

The molecules study in our work for estimate boorenation (SBAP and OC), as described
also in literature, do not reveal difference/chandeetween days. Nevertheless, sBAP
oscilation was statistically different in the Adalimab group, with a lower value on day I.
Studies in bone formation markers are not consénSoane showed increase on OC and N-

terminal propetide of type | collagen after 6 weeksreatment with infliximab;?® others

showed no changes on OC (3 studies) and sBAP I€latidy) and in another study, levels

were actually decreaséd.

An important aspect to consider in the interpretatf bone formation serum markers is the

significant difference in biological half-life beegn sBAP (around 1.6 days) and sOC (under

an hour¥? As so, levels of osteocalcin best represent goémomena, while bone alkaline
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phosphatase levels are more stable and reprodid¢ibéking this into account this might be
an explanation for the absence of differences batvaday A and | for sOC (Figure 1 B, table
2 and Figure 3).

It is important also to considerer that the changékin a certain marker will depend on
intrinsic intra-individual variatiorf§ and on the source of those marker. Thus, urinary
resorption markers require variations above 30%beo considered significant, whereas
changes in serum formation and resorption markeutdcbe slighter, in the range of 15 to
20%. This is in accordance with our results as aseHower than 15% percentage changes
for the bone formation markers (Figure 3) and \emes above 30 % for uDPDCr in the
infliximab group (Figure 3 B).

Concerning adalimumab results, data in the liteeatwe scarce and one study described that
during adalimumab/methotrexate combination therapy,overall erosive progression or
repair occurred? Our results showed a slight increase without sttesil significance in
uDPDocr, thus the positive percentage change fobtme ratios is also tiny, when comparing
to the others biologic drugs (Figure 3). At the saime the number of patients in this group

is small (n=6) so it is imprudent take any conadasi about this result.

The bone balance could be assessed in a more ajpeapanner by changes in the delicate
balance between bone formation and bone resorpfiois. measure might be crucial rather
than assess the markers individudlormal bone turnover is a tight equilibrium betwee
these parameters. Consequently the expression ré balance through BAP:DPDCr or
OC:DPDCr ratios describes a dynamic equilibriunbofe turnover, in which a higher ratio
value indicates net bone gain, and a change frtower to higher ratio level (positivdelta)
suggests a positive impact on bone.

Our results emphasis these postulate as we sawficagt increase on day | mainly for the
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OC:DPDCr (Figure 2 and Table 2) ratio (for all loigics) and for the BAP:DPDCr ratio for
the infliximab and etanercept groups. Consequadnfliximab and etanercept might have a
significant positive effect favoring bone formatjoexpressed by more than 30% increase
relative to baseline (Figure 3 B and C).

The bone balance between bone resorption and lmomation can be considered a tool for
investigation of these balance, rather than anlatesmeasure that eventually will lead to a
change in bone mass density (BMD), as the biomarkave predicted in other studf8$®%
Importantly, rather than the individual markers tione balance does not change, in case that
bone formation and bone resorption change to theesaxtent. Thus the bone balance poses
as a sensitive measurement of the net bone turn@emust consider also a limitation on
this study the lack of measurements of BMD in tbgibning and end of the study in order to
confirm conclusions of the true effect of anti-TiHferapy on bone density and the history of

fractures would be the most important outcome $ess
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Conclusions

Our study showed an overall oscillation towardsearease of uDPDCr, a bone resorption
marker, on day of maximum anti-TNFantibodies plasmatic levels. Bone formation magker
(sOC and sBAP) showed no statistically significananges. These variations suggest that
anti-TNF shift the balance towards bone protectioming peak plasma levels. Our results
suggest that anti-TNF agents may differ on theipaot upon some of the studied markers.
These fluctuations are present despite long meeaatida of treatment 25+16 months in our
patient cohort. Further research is warranted #rifgl whether these fluctuations and
differences influence the prevention of osteoparassociated with these agents. The positive
effect seems to be heterogeneous in etiologyptissible that several different mechanisms
play a role in this positive effect of biologics bone metabolism. First, reduction of T&NF
which has been shown to have a beneficial effecbame metabolism in vitro, might also
play a role in vivo. The literature support thatstipositive balance is also derived by
reduction of other pro-inflammatory cytokines knotercause bone loss, such as IL-6 and IL-
1B where biologics, is likely to play a pivotal rdfeFinally, a third possible mechanism, also
focused on literature is that improvement in gehesll-being and physical activity might
also improve net bone formatioh.

It is clear with this study that the improvementtive formation/resorption marker ratio
suggest beneficial systemic and probably local beffects (to be confirmed with BMD) in
patients undergoing infliximab and etanercept tnemit, and that these measurements may

provide an important tool to include in clinicablaratorial monitoring of these patients.
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