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Tumor necrosis factor-a inhibitors in treating ankylosing spondylitis complicated with osteoporosis: a 5-year follow-
up study

WAN Wei'®, LI Xuan®™, ZHANG Lanling', YU Yiyi', XU Xia', TAO Weiyu', GAO Jie', SHI Yeqing', ZHAO Dongbao'*

1. Department of Rheumatology and Immunology, The First Affiliated Hospital of Naval Medical University (Second Military
Medical University), Shanghai 200433, China

2. Department of Rheumatology and Immunology, Songjiang Fangta Hospital of Traditional Chinese Medicine, Shanghai 201611, China

[ Abstract ] Objective To evaluate the long-term efficacy of tumor necrosis factor-o. (TNF-a) inhibitor (TNFi) in
the treatment of ankylosing spondylitis (AS) complicated with osteoporosis (OP) and the impact on bone metabolism, bone
density, and inflammatory factors. Methods The data of 158 patients with AS and OP, who were admitted to Department
of Rheumatology and Immunology of The First Affiliated Hospital of Naval Medical University (Second Military Medical
University) from Jan. 1, 2010 to Dec. 31, 2017, were retrospectively collected. The patients were divided into bisphosphonate
group (n=54), TNFi group (n=58), and TNFi-+bisphosphonate group (#=46) according to the treatment methods. All
patients were treated with calcium combined with calcitriol as the background treatment. After 5 years of treatment, Bath
ankylosing spondylitis disease activity index (BASDAI) and Bath ankylosing spondylitis functional index (BASFI) scores
were evaluated, and inflammatory indexes, bone metabolism markers, and bone mineral density were detected. Results  After
5 years of treatment, the BASDAI and BASFI scores, erythrocyte sedimentation rate (ESR), C reactive protein (CRP), TNF-a.,
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and interleukin-17A of the TNFi+ bisphosphonate group and TNFi group were significantly lower than those before treatment
(all P<<0.05); in the bisphosphonate group only ESR and CRP were significantly lower than those before treatment (both
P<0.05), and the other inflammatory indexes and BASDATI and BASFI scores showed no significant changes (all P>0.05). The
bone mineral density of the 3 groups after 5 years of treatment was significantly higher than that before treatment (all £<<0.05),
and the bone mineral density of the TNFi-bisphosphonate group was significantly higher than that of the other 2 groups (both
P<0.05). After 5 years of treatment, the levels of parathyroid hormone (PTH), procollagen type 1 N-terminal propeptide
(PINP) and B-C-terminal telopeptide of type I collagen (B-CTX) in the TNFi+bisphosphonate group and bisphosphonate
group were significantly decreased compared with those before treatment (all £<<0.05), while the levels of N-terminal
midfragment of osteocalcin (N-MID) and 25-hydroxy-vitamin D (25VitD) were significantly increased (all P<<0.05); in
the TNFi group only PTH and PINP levels were significantly decreased (both P<<0.05), while p-CTX, N-MID and 25VitD
levels showed no significant differences (all 7>>0.05). Conclusion Long-term use of TNFi in patients with AS and OP can
effectively reduce disease activity, improve physical function, decrease the level of inflammatory factors, alleviate abnormal
bone metabolism, and increase bone mineral density; and the combined use of TNFi and bisphosphonates has better efficacy.
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Tab 1 Comparison of basic characteristics of patients with AS complicated with OP in 3 groups

Index TNFi+bisphosphonate N=46 TNFi N=58 Bisphosphonate N=>54 Statistic P value

Gender, 1 (%) £ =0.756 0.685

Male 13 (28.3) 14 (24.1) 17 (31.5)

Female 33 (71.7) 44 (75.9) 37 (68.5)
Agelyear,xts 56.37+£11.70 53.71+9.81 53.44+10.32 t=1.147 0.320
Duration of disease/year, x =-s 10.23+3.22 9.78+4.46 11.42+4.15 1t=2.436 0.091
Follow-up period/month, x+s 64.82+3.76 65.18+4.78 66.17+3.71 t=1.460 0.235
Joints involved, 7 (%) 7 =0.944 0.624

Axial 34 (73.9) 38 (65.5) 36 (66.7)

Axial & peripheral 12 (26.1) 20 (34.5) 18 (33.3)
Smoking, n (%) 9 (19.6) 7(12.1) 10 (18.5) ©=1.303 0.521
Drinking, n (%) 10 (21.7) 12 (20.7) 14 (25.9) 7 =0.476 0.788
Physiotherapy, 7 (%) 13 (28.3) 9 (15.5) 8 (14.8) £ =3.637 0.162

AS: Ankylosing spondylitis; OP: Osteoporosis; TNFi: Tumor necrosis factor-o inhibitor.
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Tab 2 Comparison of clinical scores of patients with AS complicated with OP in 3 groups before and after treatment

xts
Index TNFi+bisphosphonate n=46 TNFin=58 Bisphosphonate n=>54 F value P value
BASDALI score
Baseline 7.78%£1.32 7.6711.68 7.17+1.87 2.001 0.138
After 1 year of treatment 3.02+£1.317 3244124 6.79+1.33 124.067 <0.001
After 5 years of treatment 2.82+123" 3.04+£1.19" 6.691+1.26 166.473 <<0.001
BASFI score
Baseline 4.83£2.18 4.4912.02 4.17£1.89 1.320 0.270
After 1 year of treatment 1.2040.44™ 1.11£0.40™ 3.94+1.41 174.201 0.001
After 5 years of treatment 0.93+0.43™ 0.86+0.39" 3.54+1.47 147.056 0.001

"P<C0.05 vs bascline in the same group; “P<C0.05 vs bisphosphonate group at the same time point. AS: Ankylosing spondylitis;

OP: Osteoporosis; BASDAI: Bath ankylosing spondylitis disease activity index; BASFI: Bath ankylosing spondylitis functional index;

TNFi: Tumor necrosis factor-a inhibitor.

K3 34HAS FH OP EEBTHIERERFLR

Tab3 Comparison of inflammatory factors of patients with AS complicated with OP in 3 groups before and after treatment

xts
Index TNFi+ bisphosphonate n=46 TNFin=58 Bisphosphonate n=>54 F value P value

ESR/(mm= [1h] ")

Baseline 28.52+7.32 28.49+£8.15 26.78+6.24 0.991 0.374

After 1 year of treatment 7.20+3.54"" 9.17+4.04"" 15.48+6.46° 42.097 0.001

After 5 years of treatment 7.22+3.03"" 8.89+3.19" 22.47+5.78 206.351 0.001
CRP/(mg-L ")

Baseline 11.07+4.74 11.73+5.71 10.43+3.41 1.052 0.351

After 1 year of treatment 4224240 5.13+£2.79"" 9.55+2.16 69.157 0.001

After 5 years of treatment 4324225 526+2.88" 7.43+2.31 20.516 0.001
TNF-a/(pgemL ")

Baseline 8.93+2.91 9.14+3.41 8.561+3.05 0.482 0.618

After 1 year of treatment 721+3.56™" 7.54+2.56"" 8.84+2.75 4.444 0.013

After 5 years of treatment 6.05+2.01"" 6.33+3.19"" 8.154+2.88 8.793 0.001
IL-6/(pgemL ")

Baseline 7.59+2.36 7.8712.56 7.17+2.24 1.524 0.221

After 1 year of treatment 7.23+2.38 7.16+2.71 7.85+3.15 1.006 0.368

After 5 years of treatment 7.56+2.37 7.46+2.19 7.35+2.23 0.108 0.898
IL-17A/(pg*mL ")

Baseline 7.28+3.32 7.38+3.15 7.41+£3.34 0.021 0.979

After 1 year of treatment 6.30+3.06" 6.15+231"" 7.89+3.41 5.784 0.004

After 5 years of treatment 5.89+2.24"" 6.06+2.54"" 7.33+3.24 3.764 0.025

"P<<0.05 vs baseline in the same group; “P<<0.05 vs bisphosphonate group at the same time point. AS: Ankylosing spondylitis;

OP: Osteoporosis; ESR: Erythrocyte sedimentation rate; CRP: C reactive protein; TNF-o: Tumor necrosis factor-a; IL: Interleukin;

TNFi: Tumor necrosis factor-a inhibitor.
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Tab 4 Comparison of BMD of patients with AS complicated with OP in 3 groups before and after treatment

x*ts
Index TNFi+ bisphosphonate n=46 TNFin=58 Bisphosphonate n=54  Fvalue P value

Lumbar spine BMD-T

Baseline —2.8740.29 —2.97+031 —3.01£0.34 2562  0.080

After 5 years of treatment —2.5340.26" —2.75+£0.29™ —2.71£0.25" 9.443  0.001
Lumbar spine BMD/(g*cm )

Baseline 0.65+£0.27 0.61£0.15 0.59+0.12 1332 0.267

After 5 years of treatment 0.780.20" 0.68+0.22"" 0.67+£0.23" 3.801 0.025
Femoral neck BMD-T

Baseline —2.65%0.30 —2.5940.31 —2.6140.30 1.146  0.321

After 5 years of treatment —2.36+0.27 —2.48+0.29™" —2.50+0.25"" 5.608  0.005
Femoral neck BMD/(g*cm )

Baseline 0.62+0.34 0.58+£0.35 0.56+0.34 0387  0.679

After 5 years of treatment 0.8140.20" 0.70+0.24™" 0.71+£021"" 3797 0.024
Total hip BMD-T

Baseline —2.65+0.23 —2.6410.23 —2.67%0.26 0.223  0.801

After 5 years of treatment —2.35+0.22" —2.55+021"" —2.55+0.24"" 13.052 0.001
Total hip BMD/(g*cm )

Baseline 0.57+0.20 0.55+0.23 0.53+0.21 0.459  0.633

After 5 years of treatment 0.714+0.14" 0.63+0.16™" 0.60+0.16"" 5.888 0.003

"P<0.05 vs baseline in the same group; “P<<0.05 vs TNFi+bisphosphonate group at the same time point. AS: Ankylosing

spondylitis; OP: Osteoporosis; BMD: Bone mineral density; TNFi: Tumor necrosis factor-o inhibitor.
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B-CTX. N-MID. 25VitD 5i4J7HiAH 22 F o481t
EEN (HP>005) . WFES,
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Tab5 Comparison of bone metabolic indexes of patients with AS complicated with OP in 3 groups before and after treatment

x*s
Index TNFi+bisphosphonate n=46 TNFi n=58 Bisphosphonate n=54  Fvalue P value

PTH/(pgemL ")

Baseline 42.27+13.65 44.38+15.42 40.73+15.47 0.843 0.432

After 1 year of treatment 35.69+15.37" 35.14+15.14" 34.97+16.16 0.481 0.621

After 5 years of treatment 34.06+8.20" 36.68+16.47 33.92+7.94 4.129 0.001
N-MID/(ngemL ")

Baseline 11.0143.20 12.41+3.47 12.71+4.37 2.883 0.059

After 1 year of treatment 14.08+5.67° 14.09+3.51 14.38+4.61° 0.761 0.592

After 5 years of treatment 13.61+3.36" 13.27+3.69 14.61+3.97 0.832 0.431
B-CTX/(ngemL ")

Baseline 0.18+£0.06 0.18£0.05 0.19£0.06 0.556 0.575

After 1 year of treatment 0.10+0.06 0.1340.08 0.0940.05" 1.281 0.291

After 5 years of treatment 0.10+0.05 0.13+0.09 0.1040.04" 1.421 0.232
PINP/(ngsmL ")

Baseline 32.60+6.24 33.17+7.16 33.81+6.71 0.402 0.670

After 1 year of treatment 21.13+£8.39° 24.52+8.61 23.14+7.36 1.291 0.281

After 5 years of treatment 20.74+5.84° 24.19+7.97 22.81+8.61° 1.594 0.392
25VitD/(ngemL ")

Baseline 15.07£3.53 16.28+4.15 15.84+3.64 1.308 0.273

After | year of treatment 22.18+9.12° 18.36+3.45 22.14+8.47 2.019 0.104

After 5 years of treatment 21.29+4.56° 18.23+3.48 23.14+4.98° 3.291 0.062

"P<<0.05 vs baseline in the same group; £P<0.05 vs TNFi group at the same time point. AS: Ankylosing spondylitis; OP:

Osteoporosis; PTH: Parathyroid hormone; N-MID: N-terminal midfragment of osteocalcin; B-CTX; B-C-terminal telopeptide of

type I collagen; PINP: Procollagen type 1 N-terminal propeptide; 25VitD: 25-hydroxy-vitamin D; TNFi: Tumor necrosis factor-o. inhibitor.



e 1500 -

WFELER AR 2024 4F 12 H, 5545 %

26 &&WEMN P RE IR HIE R L ARTT
AHSA = EEAN R

3 31 g

AS BRI A JOE PR, 3R B R R il oG
TRHABICAT S5, A, BIAiE . BB
HLURLOIE™ o PR 2 W T3 P AE B, 1E1E
FETEIER MG Ol . Bl Ak, BB sk
AU RGN, XN 4 BB o T A0 o i I
ry e, Wes Sl ok T, ik, ASHY
HHIS W RNARYT B OCE S,

H AT, AS B & HLE # A+ 20 2, HoF
5 R IR HL T A s i R AR &, |
AS ] BESE A 18 1% fa B PR 28 I X PR ol Al B Bt
Ji ) B i e W i 5 RS, W) S B IL-12, IL-17 Al
TNF-o 555 ERA " o BRI 4R (human
leukocyte antigen, HLA ) -B27 £ AS f9 & % #L il
R IETE B, SR R 20% 1 . BFSE
W, BHEXTREBEEARRGAHMEMCD4" T
A A 3 22, I HL I 20 it 3 1A R 00 41 Al 3 1hT
HLA-B27 [A] % — 5 {& 1) 5% {& KIR3DL2, ;=4
TNF-a #1 T4 2 y; 4 KIR3DL2" CD4" T 41 Jfl 5%
F| 338 HLA-B27 [] 8 — JRAAK (4t J5t 2 356 40 it ) 9%
I 25 7 A o KO A9 IL-17, 1 IL-17 5 TNF-a P
[ fF P 235 B AR . TNF-o0 3222 542 40
VL G L s, HC Al A 2 240 B 2 ) SR S A5 240
T 2R, P 4 T G028 A 6 A s 2 A% 4
A=A TNF-o0 25 2 R0 KGR ERR 10 &, ]
PEHEIL-1, 1L-6 S5 RAE BRI A A
B 4L sl T 40 M 55 i) S e MLl . A WFTEE AE AS BB
BT T B R A 2 K Y TNF-0, X3
B] TNF-o AT RETE AS F9 & HL ke e /e

EEXT AS B 2510367 7 A FEIE SRR 25 1
AP, AR GE D2 e 1 BT R 257280 R A,
HL Bl = 9IE 22 5 9 i J2 AR 4 . TNF-o0 02 H B g%
T AE IR 5 I 1 DG B AR 1 T, TN ] 55 43 BHL 7
HAHRK W RAE RIS, TR AT LUELZE AS 5
15 e RS DR E 30 . FRTE A 280 TNF 3
HEHTIRIT AS, Qe R AP ERpT, ARARPEE . F]
AL, AR B TEZER G, A1
YEFIBLEIARRL, C A AU TS e TNFi T 20
2 TR BT R 25109 T TCRLIE Sk AS P

VFZWI5EHRIE T 51 TNF S 70 AS B H i
R AE . I Siderius 25 2 B WoRE I
K TNFi JRI7 R0 AS (3, IRI7HT 2 4RAYE
Sl AT AT SRR AL O IE G; Durnez 262 % 31
FEREZPU TNFIRITI AS B3, SF34BETT 6.5 4F,
JEHE BMD M4/ 1 11.8%, BB i 3% BMD ¥ 1
3.6%. ASWIFEI AR AS & OP (%, Wisrss
RWIR, TNFiiRIT 5 4F 0] A3 8L KA AR 35 1 S T
itk BCEARIARTIRE . FEARANE N K. R
RS H . Thm BMD, Jf HLECE W SUBE R Eh )7
SOCE AL, FEABT TNF 3677 BA Wi 20054 AS
BRI R . WIS R BRI R £k AN S 2
IR T IR AR R TR A B O T, R RE A
7 Akt I, T Akt 38 -5 8 A ) A0 AR AR
5 A, TNFi A SUBSRRER 7T e B T4k
AS BFE T HE AR, PR KT OP 1EH .

2 LRIk, U TNF-oi697 % AS & Jf OP &
PIE YT R R A, W ARG sk, s R E
AKIRTIRE, BEARIAE TR, S w .
$ETH BMD., (HAFFE 2 B i B 5%, 77
FE—E MR BRYE, AR AT R AREA R . 20
HIREE AN SY, E— 20 50iE TNFi 5 HAth 25 Hy 5k
BT AS A9 OP BE YAk

(£ % k]

[1]  LEMS W, MICELI-RICHARD C, HASCHKA J, et al. Bone
involvement in patients with spondyloarthropathies[J].
Calcif Tissue Int, 2022, 110(4): 393-420. DOI: 10.1007/
$00223-021-00933-1.

(2] BRI 29T, 2R WA, 5 . 98 ELEE R AR Ak A i
B A RE AL AF S LT ] v B B A 2R A
2022,28(7):1051-1056. DOI: 10.3969/j.issn.1006-
7108.2022.07.023.

[3] NIGIL HAROON N, SZABO E, RABOUD J M,
et al. Alterations of bone mineral density, bone
microarchitecture and strength in patients with
ankylosing spondylitis: a cross-sectional study using
high-resolution peripheral quantitative computerized
tomography and finite element analysis[J]. Arthritis Res
Ther, 2015, 17: 377. DOI: 10.1186/513075-015-0873-1.

[4] BAUTISTA-AGUILAR L, LOPEZ-MEDINA C,
LADEHESA-PINEDA L, et al. Prevalence and
associated factors of low bone mineral density in the
femoral neck and total hip in axial spondyloarthritis:
data from the CASTRO cohort[J]. J Clin Med, 2021,
10(12): 2664. DOI: 10.3390/jcm10122664.



PRI AR

2024 4FE 12 H, %545 %

° 1501 -

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

VAN DER WEIJDEN M A C, CLAUSHUIS T A M,
NAZARI T, et al. High prevalence of low bone mineral
density in patients within 10 years of onset of ankylosing
spondylitis: a systematic review[J]. Clin Rheumatol,
2012, 31(11): 1529-1535. DOI: 10.1007/s10067-012-
2018-0.

THEM KK, AR, 45 3T Hitales B0 R AT
BRI AR ZR R VA R A I R RAELT ], W2
=R 22441, 2022,43( 4 ):386-390. DOI: 10.16781/
j-CN31-2187/R.20211056.

BIANJ Y, LIU X, ZHU C H, et al. Preliminary exploration
of clinical characteristics of ankylosing spondylitis based on
Hitales platform[J]. Acad J Naval Med Univ, 2022, 43(4):
386-390. DOLI: 10.16781/j.CN31-2187/R.20211056.
K, B AW, AR, R E AR A OF
B B ARAE W67 WSS R LT ] . o [ BT AL 4%
75,2022,28(3):450-454. DOI: 10.3969/.issn.1006-
7108.2022.03.026.

GRAZIO S, KUSIC Z, CVIJETIC S, et al. Relationship
of bone mineral density with disease activity and
functional ability in patients with ankylosing spondylitis:
a cross-sectional study[J]. Rheumatol Int, 2012, 32(9):
2801-2808. DOI: 10.1007/s00296-011-2066-9.
KLINGBERG E, LORENTZON M, MELLSTROM D,
et al. Osteoporosis in ankylosing spondylitis—prevalence,
risk factors and methods of assessment[J]. Arthritis Res
Ther, 2012, 14(3): R108. DOI: 10.1186/ar3833.

CHEN Z, ZHENG X, WU X, et al. Adalimumab therapy
restores the gut microbiota in patients with ankylosing
spondylitis[J]. Front Immunol, 2021, 12: 700570. DOI:
10.3389/fimmu.2021.700570.

BEEK K J, RUSMAN T, VAN DER WEIIDEN M A C,
et al. Long-term treatment with TNF-alpha inhibitors
improves bone mineral density but not vertebral fracture
progression in ankylosing spondylitis[J]. J Bone Miner
Res, 2019, 34(6): 1041-1048. DOI: 10.1002/jbmr.3684.
VAN DER LINDEN S, VALKENBURG H A, CATS A.
Evaluation of diagnostic criteria for ankylosing
spondylitis. A proposal for modification of the New
York criteria[ J]. Arthritis Rheum, 1984, 27(4): 361-368.
DOI: 10.1002/art.1780270401.

AR PR A o B TR AR ALE A RO o 2 JRUR
B BB AAE 2T P8 M (RPE s LT ] . th A R B i
Z%id5,2006,5( 8 ):455-457. DOI: 10.3760/cma.j.issn.
1671-7368.2006.08.002.

EBRAHIMIADIB N, BERIJANI S, GHAHARI M, et al.
Ankylosing spondylitis[J]. J Ophthalmic Vis Res, 2021,
16(3): 462-469. DOI: 10.18502/jovr.v16i3.9440.
ZHANG J, ZHOU Y, MA Z. Multi-target mechanism of
Tripteryguim wilfordii Hook for treatment of ankylosing

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

spondylitis based on network pharmacology and
molecular docking[J]. Ann Med, 2021, 53(1): 1090-
1098. DOTI: 10.1080/07853890.2021.1918345.
CHEN B, LI J, HE C, et al. Role of HLA-B27 in the
pathogenesis of ankylosing spondylitis (review)[J].
Mol Med Rep, 2017, 15(4): 1943-1951. DOI: 10.3892/
mmr.2017.6248.
ZHU W, HE X, CHENG K, et al. Ankylosing spondylitis:
etiology, pathogenesis, and treatments[J]. Bone Res,
2019, 7: 22. DOL: 10.1038/s41413-019-0057-8.
FRANCOIS R J, NEURE L, SIEPER J, et al.
Immunohistological examination of open sacroiliac
biopsies of patients with ankylosing spondylitis:
detection of tumour necrosis factor a in two patients
with early disease and transforming growth factor B in
three more advanced cases[J]. Ann Rheum Dis, 2006,
65(6): 713-720. DOI: 10.1136/ard.2005.037465.
LATA M, HETTINGHOUSE A S, LIU C J. Targeting
tumor necrosis factor receptors in ankylosing spondylitis[ J].
Ann N Y Acad Sci, 2019, 1442(1): 5-16. DOI: 10.1111/
nyas.13933.
MA Z, LIU X, XU X, et al. Safety of tumor necrosis factor-
alpha inhibitors for treatment of ankylosing spondylitis:
a meta-analysis[J]. Medicine (Baltimore), 2017, 96(25):
€7145. DOI: 10.1097/MD.0000000000007145.
WARD M M, DEODHAR A, AKL E A, et al. American
College of Rheumatology/Spondylitis Association of
America/Spondyloarthritis Research and Treatment
Network 2015 recommendations for the treatment
of ankylosing spondylitis and nonradiographic axial
spondyloarthritis[J]. Arthritis Rheumatol, 2016, 68(2):
282-298. DOI: 10.1002/art.39298.
SIDERIUS M, SPOORENBERG A, KROESE F G M,
et al. After an initial balance favoring collagen formation
and mineralization, bone turnover markers return to pre-
treatment levels during long-term TNF-a inhibition in
patients with ankylosing spondylitis[J]. PLoS One, 2023,
18(3): €0283579. DOI: 10.1371/journal.pone.0283579.
DURNEZ A, PATERNOTTE S, FECHTENBAUM J,
et al. Increase in bone density in patients with
spondyloarthritis during anti-tumor necrosis factor
therapy: 6-year followup study[J]. J Rheumatol, 2013,
40(10): 1712-1718. DOI: 10.3899/jrheum.121417.
MATSUMOTO T, NAGASE Y, IWASAWA M, et al.
Distinguishing the proapoptotic and antiresorptive
functions of risedronate in murine osteoclasts: role of
the Akt pathway and the ERK/Bim axis[J]. Arthritis
Rheum, 2011, 63(12): 3908-3917. DOI: 10.1002/
art.30646.

[Axs#miE] I &





