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[EBE  HUTCRERRAIEREIETT 5 7 BORFFTE 26 sy s i/l BsmR) X B & M BRIGIFAYE  (primary osteoporosis ,
POP) BHEMRWHI . J5ik  ArBEHEILE 2019 4 6 H & 2023 4F 12 H 76 AT EE B2 120 3 JBE U 10 102 5] POP B3 1E R
WEF 5, 42 HRBEHLE R IE 0 N ET Bl CF LART O RN T DT MO BT BBy T, n=157) FIWESRBERRAL (7 DART & B a7 o1 e
KIEIRIATT, n=45), X2 HIGKITAL. SR & P B a1 H I AT MR BEIRA . 2 75697 3. 64 12, 18 MHJAE
s A5 . 1 A 5k R & JE 5 BT Ik (procollagen type I N-terminal propeptide, PINP) . [ B i C it p #5355 % (B isomer of C-
terminal telopeptide of type I collagen, B-CTX). H#5% (osteocalcin, OC) 7K F KA WA 4rv2: (visual analogue scale, VAS) ¥
SR EARTRITET (P <0.05, 2 AfEHRIT 120 18 NMH G MEMEA & H g% TEWEZ R FRITI. WIir6 MHE (P<
0.05); HI&FFAHLALEIRIT 3. 6. 120 18 NG PINP. B-CTX. OC KV BEMLTMKBERA (P<0.05), HifFRfiALERIT 3. 6
N FJE ) VAS P70 0T MORBEREZH (P <0.05); 2 4IAEWRIT 6+ 120 18 N A G HIEME. B IEHE TELEER LG ¥ X
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Effect of Sequential Use of Anti-Resorptive Agents Following Initial
Alendronate Sodium Therapy on Bone Metabolism in Patients with
Primary Osteoporosis

ZHANG Tidong, YUAN Yiming, WANG Yanming

( Department of Orthopedics, Civil Aviation General Hospital, Beijing 100123, China )

[Abstract] Objective To evaluate the effects of sequential administration of different anti-resorptive agents (denosumab/zoledronic
acid) following initial alendronate sodium therapy on bone metabolism in patients with primary osteoporosis (POP). Methods A total
of 102 patients with POP who were prospectively enrolled and under regular follow-up at Civil Aviation General Hospital from June
2019 to December 2023 were randomized, using a random number table, into the denosumab group (alendronate sodium followed by
denosumab, n = 57) and the zoledronic acid group (alendronate sodium followed by zoledronic acid, n = 45). The clinical efficacy was
compared between the two groups. Results The average daily drug costs in the denosumab group were lower than those in the
zoledronic acid group. At 3, 6, 12, and 18 months post-treatment, serum levels of calcium, procollagen type I N-terminal propeptide
(PINP), B isomer of C-terminal telopeptide of type I collagen (B-CTX), and osteocalcin (OC), as well as the visual analogue scale (VAS)
scores were significantly lower than those at baseline in both groups (P < 0.05). At 12 and 18 months of treatment, the lumbar spine and
femoral neck bone mineral density (BMD) T-scores in both groups were significantly higher than those at baseline and at 6 months (P <
0.05). The levels of PINP, -CTX, and OC in the denosumab group were significantly lower than those in the zoledronic acid group at 3,
6, 12, and 18 months post-treatment (P < 0.05). The VAS scores in the denosumab group were significantly lower than those in the
zoledronic acid group at 3 and 6 months post-treatment (P < 0.05). There was no statistically significant difference in the BMD T-scores
at lumbar spine and femoral neck between the two groups at 6, 12, and 18 months post-treatment (P > 0.05). The overall incidence of
adverse reactions in the denosumab group was significantly lower than that in the zoledronic acid group (P < 0.05). Conclusion
Sequential treatment with denosumab or zoledronic acid following initial alendronate sodium therapy can effectively improve bone
metabolism. Compared with zoledronic acid, denosumab was associated with lower medication costs, better therapeutic efficacy, and a
more favorable safety profile.
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W97 55 H W E AN RN 5 Rl el RO 5E A 9L
BolC Jife 2 1) 11 R 2B R FH BE ARG BRAIG, T RE S 52
i POP AARITAICR . FEIt, POP I IR AT R FHBTE WK
WS T SIRYT 7 58, AN BN FH AT EAp T s
K Wimz , BERTE e Bk B A BN kA, AE
PEEVAITRCR . SR, T LA 2 (] e B W A
25 AT MAFAE I . O T R RS IS T W 2
YIATIF BIRYY, AP LR 102 61 POP 5 7E AW
NG, BT LT SRR W 25 P 5 AR
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1 X&57%
1.1 FAEITE

HIAEMELER 2019 4F 6 H 2 2023 4% 12 A FRAL
MEBEEZ 2R I HRETIY 102 ] POP 5 1E N
AR XF 4 . (] PASS BRUFUE I TREAS B AOAR SR, ok

B OWA O R B, REDAUE = 0.9,
P=0.025, N,=60, P,=08, P,=0.5, Htil&H
N, =60, BN, +N,=120 i, LWitriE: 54
R &V RBAME 2T 167 (2017)) Wy POP 12
Wibnife, MEME (L2 ~L4) H%E T <-2.5, 4A
Pt : OFF4 POP Mz Wibnifl, HEA I % %
W QEZCIERRaERNARYT ;. GINAITIREIEH ;
@FHY > 18 5 AL 3 A H AR L5 B
259, @A RIKE B, MRREE. &
M E e, OBTIRIER . HEbRbsiE: OF
ek RMEBT; QFEBEHARY; @JEIERITE;
XA FE BT FH 25 i sl e kit 32 . R FH B HLEL
TR R ke JR R 2 b AT BB AL, T4 60 1],
WARNAHEBRARAE, R BERRZHHERR 15 f51], Hbip o
BUAHHERR 3 4], MR TR A 45 1], Hb&T
PN 57 B, ARBFGE AL 28 F G R &
T, HZEBEHZE R Wit CFtS . 2025-
L-K-024) . 2 HFAL TR K2 7 LGt m L
(P> 0.05), W1,

ms TP %) FH% KERN O WER RER  HEERFE S0LES/
= % (F+s)  kem? (F£s) B (%) B (%) B (%) B (%)
73
HEF s 57 24 (4211 33 (57.89)  59.75+5.09 25.02+2.36 18 (31.58) 11 (19.300 14 (24.56) 17 (29.82)
MERIBEIRZH 45 22 (48.89) 23 (51.11)  60.00 +5.04 24.94 £2.41 15 (33.33) 8 (17.78) 9 (20.000 13 (28.89)
7t 0.467 0.243 0.171 0.035 0.038 0.300 0.011
P 0.494 0.808 0.865 0.851 0.845 0.584 0.918
1.2 7k B, B2 AREh =i G55

WS IR 4T LA BT IR RR AT BRI R TR T -
BT £ W #R 4 A [Savio Industrial S.r. L, [ 25 i 7
HI20160101, HiA%: 70 mgx 1 Fr/€) HR, HEK 1
R, BT, FREEIRT 6 AN A IS SRR R R 1
S (BRI AR, MAS: SmL:4mg), &
W 4mg, B 1R, BT GIFTRERN 12 ~
241 H

HuEFBABTLL T LAB SRR AN T B M AT BRAHTIRYT
F] & s iR 40 - (Savio Industrial S.r.L, [H 245 #fi &
HI20160101, #iA%: 70 mg x 1 F/&) HR, HiK 1
R, B LR, IBIT 6 A G R B ET AR SRR E
INIEHIZG 8 R, BiA%: 60 mg (1.0 mL) /37], &K
60 mg, FEAE 1R, K FES . RITITREN 12 ~
2440 Ho

2 LRFAE FIRVA T IR - O IRERERES D, Fr (D)
Uk 1 B (TR RIZ5 A BR A w) , FE 2457E5 H10950029,
kg . R EE5 600 mg/4Ed: K D, 125 [H R AL,

FEE 25 A BRA W, [ 255 H20030491, FLAK -
0.25 ug/hn), BR 2k, HR 1K,

1.3 MEHEHR

131 FASHERR  TIRYTRTANAYTY 3. 6. 12, 18
A H GRS BB T 3 mL, R FH BRI 52 W% B
I IALTE S, R FRLAR 27 A6 S i e TR it C
Ui B HEEF S (B isomer of C-terminal telopeptide of
type I collagen, B-CTX) . THY Jit Jie Jit 2 J vifi 7if Ik
(procollagen type I N-terminal propeptide, PINP) ,
R S e vk e B85 % (osteocalcin, OC).
132 B#ETH TIHRTHIAART 6. 12, 184
A Ja kM5 % B AXA (GE Healthcare A w], A% .
Lunar DPX Duo) #IGEMEME (L2 ~1L4) . B &
WRE, OFIME T, LT < 2.5 HENE R
B

133 KRMMBE  FIRrRIANGIT 3. 6. 12, 189
H G K A 58 A5 8L PF 43 35 (visual analogue scale,
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VAS) VAl 2 A E R, B3 0~ 10 47,
P R PR ik
134 ARRN g2 HBERNLNY, BiEk
NN ST IS L3 IS S [P S
1.4 FirFFH*E

K1 SPSS 25.0 Ao Hr it . #5465 RS A
T PERER 8L £ dnifE2E (x+5) Fn, 4l
FOBER ST REAS ¢ K06, 20N U R FBCSHREAS ¢
K, ZH S ECRAER NG T2, FieidEr
Bonferroni B9 FLEE; THECTRBILIBY (%) F#ow, 1T

L RR . P< 0.05 FREFATIERE L,

2 R
2.1 BEBYRALLE

2HBFIRITIT Y 18 A, FHHEH
30d 5, MITREN 540d, AREIZGHEE . mA—
YRR 2 Pron . HbEFPFRPTA B3 H 25 A Ry
2.815 + 1.252 + 1.803 + 0.991 = 6.861 JC, M Rz
B H HIB LY AN 2.815 + 1.847 + 1.803 +
0.991 = 7.456 JC.

= N . ZEIES ot = SH%
z5 R ZHE=F kil N ) - § = —
LB EFT R EHEF FIR Mg =< va Vi, RixHA=E o
RO R4 Savio HJ20160101  F#] 70 mg/Jr 14& 5846 Mk, MHEMEE— KRR 2815
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mg), 26K
PR IR RS P S 2 - ST SmL : 4 mg 13 676 FpbkiEE, MHETIR, 8 1252
i3 A H] W4 mg, H1100mL 0.9%
SN S TR B 5% T 4
R S VRURR R ) A
HEF RPN E R - WA 60mg (1.0mL) /% 1% 498.82  FZFVEHT, WOPEAELR, 1.847
b AT (53953
BRERESD, A BRI (95 H10950029  FA A G BRER A 15 ¢ UK 27.04 W, WX 1A, R 1.803
FR7FD) MDD HIZE CH 24T 245 600 mg) , (30 /1) H2w
NS 4 4 % D, 125 [ fr
L&D
=R 5 SEER H20030491  JR#E 0.25 ng/ki 1& 1981 HR, fEk2K, & 0991
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2.2 BREHEIRILER
2 HAEIRYITY 3. 6. 12, 18 D H 5 MY I 45 .
PINP. B-CTX J OC 7KV F AR TIRITHI (P <

7545 /mmol-L™

S = S R L A
=]
A 1™~A ™A
HgFHRPTH 57 238+ 236+ 236+ 238+
0.10 0.12° 0.10® 0.11%
MR 45 239+ 236+ 238+ 237+
0.10 0.09* 0.12"® 0.10™*
Fum P 0.056, 0.813
Fu Pum 285.819, <0.001
Fopr Py 0.096, 0.984
[3-CTX/ng-mL’l
L = R U A
1
= ;) ™A ™A
HigFptal 57 072+ 0.51 + 0.43 + 0.44 +
0.17 0.14™ 0.10™° 0.08°
MORBERAL 45 070+ 0.60 + 0.49 + 0.48 +
0.19 0.16" 0.12* 0.08™

0.05); HEFPABTAAEIRITY 3. 6. 12, 18 MHJFEH
PINP. B-CTX. OC 7K~V & 2 ik T m >k g iz 41
(P< 0.05), W33,

PINP/ng’]
BIT18 e BT 3 BfF6  BIT12  BITI18
m
Od=! A Od=! ™A 3
297+ 50.62+  31.14+ 2495+ 2501+ 2474+
0.29°4 4.72 2.06% 1.74% 1.45%¢ 1.45%d
297+ 50.58+ 3932+ 3377+ 3315+ 3286+
0.32% 4.69 2.92° 236" 2.00" 2.01%
239.311, <0.001
2899.250, <0.001
77.645, <0.001
OC/ug-L™"
BYT 18 - BIT3 Bfr6 BT 12 BIT 18
1
3 " ;) ;) ™A 3
0.41 + 2057+ 1686+ 1478+ 1462+ 1431
0.08% 3.45 1.67* 1.14% 1.53%¢ 1544
0.45+ 2061+ 1801+ 1674+ 1671+ 1646+
0.08 3.43 2.49* 2.02% 1.96™ 1.95%
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HR3
B-CTX/ng-mL" OC/ug-L"
Bl e BT BT6 T2 GAITIS .. T3 A6 HAFTI2 AFTIS
wTELag 4R 4B 4R WM 4 4B 1A A
Fouwr Py 5.105, 0.026 8.229, <0.001
Fopinr Pugim 349.607, <0.001 318.929, <0.001
Fomr Por 1.352, 0.248 14.279, <0.001

5 [F VAT TR A LA, P < 0.05:° 5 RIALG T 34N Hek, P < 0.05;°

SR4L6I7 6 N H B, P < 0.05; SRI4LGT 120tk P<

0.05 5 55 MR Ji R 20 [R) ) 57 LU AR, P < 0.05 s PINP « 128 5 fi o S0 25 i BT 0K 5 B-CTX: TRLAR A C o B AR IR 7 1) OC : A5 3R

23 BEETHEER

2 AEIRYT 12,

18 /> I B EAFE 0B 1 S0 4

JE T H W& TR AT, BIT 6 MAE (P <

R4 2HBEE

0.05);
S T ES TRk iR 4dl, 25511
2B (P> 0.05), k4,

HEFRBTALIRYT 6. 12, 18 A H S HEAME . K

TELE (x+s)
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HA o BT BT BT N Ni=EEg BT &IT
AT R 64 A AR 1s4p  AITH 64 A 248  184H

HAFFi4l 57 -3.19+£029 -3.14+£025 -3.00£0.16" -2.85+0.19™ -3.13+£0.17 -3.10£021 -2.93+0.16™ -2.78 +0.21™
MORBERRZL 45 -3.22+027 -3.18+024 -3.05+0.09" -2.90+0.15™ -3.20+021 -3.16+£0.19 -2.98+0.25" -2.86+ 0.28"™
Fuwr Pun 2.309, 0.132 4434, 0.038

Fur Pum 1549132, <0.001 145,989, <0.001

Fowr P 1.656, 0.201 0.014, 0.906

* S RYRITRT LR, P < 0.05;° 5RI4LHIT 6 M L, P < 0.05;°

24 KEEELLE
2 HAEIRYY 3. 6.
BEMMTIRITHE (P< 0.05); HiEFABAHTIEIAIT 3.

. 18 4~ HIJS ) VAS PE4r

54T 124 A ek P < 0.05

6 ™~ H G 19 VAS PE50 i K TR IR 41 (P <
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P35 w5 e

2 HAEIRIT 12, 18 S A A VAS 43 s
=Y (P> 0.05), W#Es,

R5 2HVASTHESLLER (x+5)

3 . VAS #43/45
RFTED B3N A BT A BT 1240 A BT 181N A
HEF HL BT AL 57 5.88+1.34 3.12 £ 0.54™ 2.04+0.33™ 1.00 + 0.38"* 0.75 + 0.43™
e Sk ff P £ 45 5.93+1.32 411+0.71° 2.71 +0.46® 0.98 £ 0.34™ 0.80 + 0.40™
Fuwr P 18.805, <0.001
Fur Pas 530.931, <0.001
Fomr Py 27.610, <0.001

S RYLARITRT LS, P < 0.05;° 5 RIETT 34 A LA, P < 0.055°

2.5 ARRREEE
HEF BT AN R ER A 3R 0 AR T ok

SRAAIT 64 Atk P < 0.05;¢ 5 MR R AL I 2 HL, P < 0.05

MR (P < 0.05), U3 6.

RO 2HARRILLER
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Hi &7 FL2H 57 0 (0.00) 1 (175 0 (0.00) 0 (0.00) 1 (.75 2 (35D
WA SfC e 1 2 45 5 (111D 6 (13.33) 1 (22 1 (22 1 (222 14 (31.1D)
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P <0.001
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