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Abstract

The number of patients on long-term anti-osteoporotic drug therapy is rising. Unfortunately, there are few data to guide
decisions about duration of pharmacologic therapy for osteoporosis. Many practitioners discontinue therapy after a period
of 5 years because of the risk of rare but severe side effects that may occur in long-term users. The objective of this narrative
review was to describe the effects of discontinuation of anti-osteoporotic drugs and to investigate what is not yet known on
this topic. For each anti-osteoporotic agent, PubMed was searched for evidence from randomized clinical trials in patients
with osteoporosis on osteoporotic drugs lasting > 3 years, followed by > 1 year of follow-up after discontinuation of therapy
and reported at least one item of the following: changes in bone mineral density, bone turnover markers and/or the risk
of vertebral and/or nonvertebral fractures after discontinuation of therapy. The% change in bone mineral density (BMD)
after 1 year of discontinuation of therapy is — 0.4% or less at the hip and femoral neck in both alendronate- and zoledronic
acid-treated patients. In the other reported agents (risedronate, ibandronate, raloxifene, teriparatide, denosumab and romo-
sozumab) this percentage of bone loss at the femoral neck and total hip was at least 1%, with the largest decrease in BMD
after discontinuation of denosumab and romosozumab. In all studies reporting bone turnover markers, a substantial rapid
rise in these markers was observed after discontinuation of therapy, with a large rebound increase to far above baseline levels
in the denosumab-treated patients. There were few data on fracture risk after discontinuation of therapy; data showed that
discontinuing alendronate, zoledronic acid and especially denosumab significantly increases the risk of vertebral fractures.
In conclusion, osteoporosis should be considered more as a chronic condition. Therefore, in modern fracture risk manage-
ment, continuous monitoring and treatment is required, as is the case with other chronic diseases, to sustain the benefits of
therapy, especially in denosumab- and romosozumab-treated patients. The exception is alendronate and zoledronic acid, in
these patients a discontinuation of drug therapy of 1 year or more might be acceptable.

Key Points

Discontinuation of anti-osteoporotic agents for 1 year
leads to a decrease in BMD.

Osteoporosis should be considered more as a chronic
condition.

To sustain the benefits of therapy in the chronic disease
osteoporosis, fracture risk management should include
continuous evaluation and monitoring of anti-osteoporo-

P< Hennie G. Raterman ;
hg.raterman @nwz.nl tic drugs.

Department of Rheumatology, Amsterdam UMC,
Location VU University Medical Center, Amsterdam,
The Netherlands

Department of Rheumatology, Noordwest
Ziekenhuisgroep/Northwest Clinics, P.O. Box 501,
1800 AM Alkmaar, The Netherlands

A\ Adis


http://orcid.org/0000-0001-9972-2844
http://crossmark.crossref.org/dialog/?doi=10.1007/s40265-021-01587-x&domain=pdf

1646

L. P.B. Elbers et al.

1 Introduction

Although the number of patients on long term anti-osteo-
porotic drug therapy (usually > 5 years) is rising, many
patients stop anti-osteoporotic drugs after 5 years of therapy
or earlier. An important reason for the discontinuation of
antiresorptive drugs is the fear of severe side effects, i.e.
atypical femur fracture (AFF) and osteonecrosis of the jaw
(ONY)), that may occur especially in long-term antiresorptive
drug users. There are few data to guide decisions about dura-
tion of pharmacologic therapy for osteoporosis. The risk of
AFF increases with longer duration of bisphosphonate use
(particularly beyond 3-5 years of use). However, a system-
atic review and meta-analysis examined a subset of studies
reporting > 5 years of bisphosphonate use, and showed that
the pooled adjusted RR was 1.62 (95% CI, 1.29-2.04), while
the overall pooled estimate of adjusted RR for AFF associ-
ated with bisphosphonates using data from the five case-
control and six cohort studies was 1.70 (95% CI, 1.22-2.37)
[1]. This meta-analysis did not investigate whether the risk
increases with increasing dose. The prevalence of ONJ in
those prescribed high dose intravenous bisphosphonates is
significantly higher than that seen with low-dose intrave-
nous or oral bisphosphonates, with prevalence rates of 0 to
0.348%, and the majority being under 0.005% [2]. Lo and
colleagues evaluated the Kaiser Permanente database and
found the prevalence of ONJ in those receiving bisphos-
phonates for more than 2 years to range from 0.05 to 0.21%
and appeared to be related to duration of exposure [3]. The
risk of these severe but rare side effects contributes to the
decision to stop anti-osteoporotic drug therapy after a cer-
tain number of years of treatment. However, for denosumab
for example, there is a rebound effect with increased bone
resorption markers above baseline values, decreased bone
mineral density (BMD) and increased vertebral fracture risk
after stopping. Therefore, it should be questioned whether
osteoporosis should be considered more as a chronic con-
dition, which, as is the case with other chronic diseases,
requires continued treatment to sustain the benefits of ther-
apy. Therefore, we reviewed the data available on changes
in (1) BMD, (2) bone turnover markers (BTM) and (3) ver-
tebral and/or (4) nonvertebral fracture risk after stopping
pharmacologic therapy for osteoporosis.

2 Search Methodology

For each separate anti-osteoporotic agent, PubMed was
searched for evidence from randomized clinical trials
(RCTs) in patients with osteoporosis on anti-osteoporotic
(antiresorptive) drugs lasting > 3 years, followed by > 1 year
of follow-up and reported at least one item of the following:
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changes in BMD, BTM and/or the risk of fractures after
discontinuation of therapy. Since for anabolic drugs, the
duration of the pivotal trials is much shorter than 3 years
(1 year for romosozumab and 21 months for teriparatide),
the shorter length of the pivotal trials was not an exclu-
sion for romosozumab and teriparatide [4, 4]. Each agent
was searched separately in PubMed using its generic name
(alendronate, zoledronic acid, risedronate, ibandronate,
etidronate, raloxifene, bazedoxifene, teriparatide, abalo-
paratide, denosumab, strontium ranelate and romosozumab)
combined with the term ‘discontinuation’. Each reference
was reviewed, and if necessary, the abstract or full text was
reviewed as well to check whether the study met our inclu-
sion criteria. Three recent reviews on this topic were also
checked for relevant references [6—8]. With this criteria, eli-
gible RCTs were found regarding alendronate, zoledronic
acid, risedronate and teriparatide. A shorter duration of the
RCT was accepted if there were not already > 2 RCTs that
met all the inclusion criteria. This was the case for iban-
dronate (1 year), raloxifene (1 year), teriparatide (two RCTs
of 1 year and one RCT with a mean duration of treatment of
18 months), denosumab (2 RCTs with a duration of 2 years
and 1 large RCT where patients were treated with at least 2
dosages) and romosozumab (2 years). For teriparatide, one
study was excluded because the majority of patients used
a bisphosphonate or other anti-osteoporotic treatment after
discontinuation of teriparatide, and data were not reported
for those who did not use any therapy after discontinua-
tion of teriparatide [9]. If the minority of patients used any
anti-osteoporotic treatment after discontinuing the anti-
osteoporotic treatment, and the data were also reported for
the patients who did not use any anti-osteoporotic treatment
after discontinuation, these studies were included. No suit-
able studies were found for bazedoxifene, abaloparatide and
strontium ranelate.

If data had to be read from a figure (which was mostly
percentage change compared to baseline at certain time
points) and was not provided as an exact number in the text,
the corresponding author was approached to ask for this
number within two weeks, providing the email address of
the corresponding author was provided.

Regarding BMD, the percentage change after 1 year of
discontinuation of the agent was extracted from the article
or calculated if not provided. For example, if the percent-
age change in a period of 5 year after discontinuation of the
agent was given, this percentage was divided by 5 to get an
impression of the percentage change per year. Some stud-
ies reported the percentage change in BMD compared to
baseline at the time of discontinuation of therapy, and after
a certain amount of follow-up time after that. If the baseline
BMD values were provided, these were used to calculate the
percentage change per year after discontinuation of therapy.
These values are visualized in the figures. Although this
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study both assessed BMD changes on lumbar site as on hip
site (total hip or femoral neck or both dependent on which
sites were reported), the main focus was the BMD change
of the hip, since the BMD of the lumbar spine is also influ-
enced by degenerative changes (spondylosis) and aortic
calcification that elevate the BMD; therefore we reported
mostly studies in which the BMD of the hip was assessed
(see Table 1).

Regarding BTM, the percentage change after 1 year of
discontinuation of the agent was extracted from the article
or calculated if not provided. Calculating this was possible
if values of the BTM were available at the moment of dis-
continuation of the agent and 1 year later, or if the baseline
value was available and the percentages change compared
to baseline at both these timepoints.

The data reported on effects of fracture risk are summa-
rized in Table 2.

3 Findings of Literature Review

3.1 Effects on BMD

The overall percentage changes in BMD are depicted in
Figs. 1 and 2, lumbar spine and total hip, respectively.

3.1.1 Alendronate

Two studies reported on BMD after at least 4 years of treat-
ment with alendronate [10, 11]. Bone et al. reported that the
mean% change (95% CI) from years 610 in the discontinu-
ation group after 5 years of alendronate was + 0.3% (— 0.8
to 1.5) in the lumbar spine, — 2.2% (— 3.9 to — 0.5) in the
femoral neck and — 1.8% (— 3.5 to — 0.1) in the total hip,
thus + 0.06% per year in the lumbar spine, — 0.44% in the
femoral neck per year, and — 0.36% per year in the total hip
[10]. Overall, the BMD remained above baseline values after
1 year of discontinuation of alendronate at total hip, femoral
neck and lumbar spine level, approximately + 5%, + 3% and
+ 8%, respectively. Black et al. reported — 3.38% change (SE
0.22) in the total hip, — 1.48% (SE 0.30) in the femoral neck
and + 1.52% (SE 0.29) in the lumbar spine from years 6-10
after 5 years of alendronate; thus, — 0.68% per year at the
total hip, — 0.30% at the femoral neck and + 0.30% at the
lumbar spine per year [11].

3.1.2 Zoledronic Acid

For zoledronic acid, the mean% change in femoral neck
BMD from randomization (after 3 years) to 6 years was
+ 0.24% in the patients who were treated with 6 years
of zoledronic acid and — 0.80% in the patients who were
shifted to placebo after 3 years; thus, — 0.27% per year at

the femoral neck [12]. These percentages were — 0.36 versus
— 1.58 and + 3.20 versus + 1.18% with regard to the total
hip and lumbar spine, respectively; thus, — 0.53% at the total
hip per year, and + 0.40% at the lumbar spine per year. A
selection of these patients were randomized to zoledronic
acid or placebo for 3 additional years and the mean change
from years 6 to 9 was — 1.11 versus — 1.17% (- 0.39%
per year) in the femoral neck and — 0.54 versus — 1.31%
(— 0.44% per year) in the total hip (NS when comparing 9
years of zoledronic acid to 6 years of zoledronic acid fol-
lowed by 3 years of placebo) [13].

3.1.3 Risedronate

Watts et al. reported — 0.83% change in the year follow-
ing discontinuation of risedronate for 3 years in the lumbar
spine and — 1.23% in the femoral neck [14]. The second,
smaller, study, looked at different durations of treatment
with risedronate (30 women who had received 5 years of
placebo, followed by 2 years of risedronate [placebo/RIS],
and 31 women who had received 7 years of risedronate). In
the risendronate group it was observed that one-year discon-
tinuation after 7 years’ risedronate treatment, BMD values
of lumbar spine changed + 1.3%, total hip BMD decreased
— 3.2%, and femoral neck increased + 2.0%. In the pla-
cebo/risedronate group with only 2 years’ risedronate treat-
ment after 5 years’ placebo, discontinuation of risedronate
resulted in a decrease of — 0.41%/year at lumbar spine,
— 2.39%/year at femoral neck, and — 2.8%/year decrease at
total hip BMD [15].

3.1.4 lbandronate

There were no studies with only postmenopausal osteoporo-
tic patients. One study with 119 postmenopausal patients
with BMD in osteopenic range found that withdrawal after
1 year of ibandronate led to a BMD decrease in femoral neck
and lumbar spine of 2%/year on average [16].

3.1.5 Etidronate

On etidronate, only one small study was found with 46 post-
menopausal women with osteoporosis who received 5 years
of cyclical etidronate followed by 2 years of follow-up and
54 women who received 2 years of cyclical etidronate fol-
lowed by 2 years of follow-up [17]. The% changes in the ver-
tebral spine compared to baseline at time of discontinuation
and after 1 and 2 years of follow-up were reported in this
study; 7%, 6.5%, and 8.5% for those who received 5 years
of etidronate followed by an additional 2 years of follow-up,
and 3%, 2.9% and 4% for those who were treated for 2 years
with etidronate followed by 2 years of additional follow-up
(without drug treatment). These results are hard to interpret

A\ Adis



L. P.B. Elbers et al.

1648

(100 > d) (Sw o'g - OVl

JO sosop 1say31y oY) PIm pajean A[snorraid sdnoi3d

QU3 UI %G7—0] PIONPAI [[1IS AIom JTV dy1oads-auoq

pue qIIN-NDO Searoym ‘sdnois [[e ur juounear jo

UoNENUNUOSIP J9}JE SYIUOW 7] SON[eA QUI[aSeq 0}
PauIMaI JTV Pue TON ([qe[IeABUN SAN[BA JUI[Ise)

WL —"961€ —

ST “#1°C ‘98T — :ST/0qede(d :g Teak pue /
IeaK Jo pua Je QuI[eseq wolj dFueyd juadrad ued
(91qe[TRARUN AN[BA JUI[ASE]) TV 2UOg

%y "dsa1

09 :STY :%0% "dsoI 9 :ST¥Y/0qaeId 96N PUe F8IN

Je QuI[aseq Wolj ASurYd % UBA "(S[qe[IEABUN JN[A

Qureseq) / Teak JO pua ay) Je sonjeA yim pared
-WOJ UAyYM § JeA FuLInp pasearout S[RAJ YD/XIN

%06 :dvd
%89 "X N Areutin)

pasearout osfe v Ssg pue X109
%TE {dNId wnisg

SuOISN[OU0d [nj3urueawr

MEID 0] [[BWS 00) dJom sazIs o[dwres Inq ‘dvSd
pue X 1.D¢ T0J Ie[rwurs a1om a3ueyd jo suraped oyJ,
%11 :dNId wnisg

9%¢°L1 :uage[[od | 2d£) jo opndodoid-N winiog
%T1C

:uaSe[[oo [ 2d4) Jo epndadofe) [BUIILIS)-) WINIOS

%89 :dVSg wnisg

%S°18 XIN Areutiny

o3eI0A® UO A/%7 JO el © Y)im sdnois [[e
ur A[renbo pasearoop NG ‘poried [emeIpyim ay) ug

07 + :(wis-3uop) STY

87 — :(wId3-10ys) STY/0qadeld :diy [eo],

7€ — ((wr)-3uop) ST

6€'7 — :(W19)-110YS) ST¥Y/0qJe[{ YOU [BIOW]
%61°1 + :(w193-3u0[) STy

%1%°0 — :(w1l-110ys) ST¥Y/0qaoe[d :aurds requun-g

%¢T’ 1 — JOSU [RIOW]
9%¢8°0 — :ourds requny

%¥¥0 — diy [eof,
%6£°0 — O9U [eIOW]

%0%°0 :ourds requing
%€6°0 — :diy [e0,
%L (0 — O9U [eIOW]

%0¢°0 :ourds requin
%0€°0) — OaU [eIOWd]
%890 — :dIy [eo,
%9¢°0 — :diy [ejo,
%t — oou JeIowo

Ieok T 10§
juaueaI) PANUNUOISIp 0qaded 10 yg] 18k 1 0)
paznwopuer uawom d1uadoayso ‘fesnedousunsod g1 |

Ieok |
JOJ JUSWIBDI) PINUNUOISIP ST JO $IBAK / PIAISdal
pey oym uswiom [¢ pue (S[y/0qaderd) ST Jo sIeak
7 Kq pamor[oj ‘0qaoe[d Jo S1BA G POATEIAI peY
oym s1so10doyso s uswom [esnedouswsod (¢
Ieok | I0J
JUQW)EAI) PINUTUOISIP USY) pue 0qade[d J9¢ pue
K ¢ 10J ST poA1adaI 86¢ *(¢ — > 21098-1) ANG
[eurds mo[ pue 2INORI) [BIGI)IIA JUO IO SIINJORI}
[e1g9}10A 7 < JOUIIQ PeY OyM uswom Jesnedousunsoq

sxeak [euonIppe ¢ 10§ (¢d97)
0qooe[d 10 GZ 0} PAZIWOPUET AIIM USWOM (G|

0qaoeld 10 TQZ JO sIeak [euonippe
€ 0) POZIWOPUEI 1M ‘SIBAK ¢ J0J TOZ PIATOOI
oym uawom [esnedousunjsod ono1odoyso ¢z

LAV Jo s1eak G 1918 LV I0 0qaoe[d Jo s1eak
G 03 pozIwopue oM Jey) (;wd/3 89°0 >) AING
Joou [eJOw) MO[ Yim uawom [esnedousunsod 6601

LAV JO sIeak ¢ 191je s1eak ¢ 10f oqaoerd

[91]1 8661 Te 10 usRy
JjeuoIpuRqy

[ST1 TT0T Te 39 [191sed

[+1] 800T Te 10 snem
Jjeu0IpPISY

[€11 10T TB 10 orIg

[T1]210T T8 9 Youlg
PId€ JIUOIPI[O7Z

(1119002 Te 10 yorIg

[01] ¥00T 'Te 10 duog

%t €T :{dvVSd %900 :ourds requng 01 pouSisse a1om Jey) s1so10dod)so YIIm uswom €8
9)RUOIPUA[Y
Ade1ay jo uorenun Ade1oy) jo uorenun
-UO0JSIp JO Jeak [ Iaje QING Ul 23uByd %paje[noe) syuedronred pajos[og Apms

-U0JSIP JO JeaK T I9)je LG Ut aSueyd 9,paje[nore)

SIOMJEUI JOAOUIN) QUOq Puk A)ISUSp [eIQUIW du0q Ul sa3ueyd uo dn-moj[oj Jo 1edk | < Suimo][oy s1so1ododlso yim sjuaned ul S[eL [BJIUI[O PIZIWOPURI WOIJ 9OUIPIAY | d|qel

A\ Adis



1649

BMD Loss After Anti-osteoporotic Drug Discontinuation

PIO® JTUOIPUI[OZ F()Z ‘QUIUTIBAID JOJ Pajoa1Iod sde[ssord Areurn 7Hyn ‘opnerediio) Y71 ‘qrLd.l ‘opnded
-0[0) [RUIWLID)-D) WINIAS X 7S “DIBUOIPUISLI 7Y “QUAJIXO[RI TVY ‘UId[ed09)s0 wnids UWNH e uaerjoo [ ad£) jo sepndado[e) N XIN DIN IUedYIUSIS-uou §A “qIUOW Jy ‘9JRUOIPUBQI Vg ‘qeuins
-ouap ua(q ‘opndado[a) oreuruio)-) x 7D ‘SIoNIew Iaaouin) duoq jLg ‘Osereydsoyd aureye oyroads-ouoq JySg ANsuop [erourwr auoq (7yg ‘osereydsoyd aurfey[e [810) g7V ‘OreuoIpud[e [qV
uade[oo 1 2d4) jo sepndadoral N seedrpur XN

%08 X10-4
%ee {dNId

AL uo ®1ep ON

%L9T W O¢ U

%0¢TT BW O] U_( :d'TV suog
%0001 8w (g uaq

%006 :3W O[T Udd ‘XLDS

%9°8¢¢ {dNId
%0S¢C IXLOS

JALL9 UO eyep oN

JALLE U0 e1ep ON

S[OAS] QUI[ASBQ 0} PAUINIAI Pey JOAOUIN) JUOQ JO
SIOTeW ‘SYJUOW 47 IV (S[qe[IeABUN SINJBA JUI[seq)

%ty — YOSU [BIOW,]

%t — iy [e3o],
%¢°6 — :ourds requn-]

%6'T — :diy [eloL,
%¢°G — iy [eo],

%99 — :ourds requn

%9°¢ — iy [e30],
%19 — ourds requn-g

(s1qe[reArun qINY durEseq) :diy [e1og,
%SL'T — :0vdALdL
%8T T — :07ALdL ouids requny

%96'C — ‘0¥ydLdL
%99°'1 — :02d.LdL :eurds requn]

diy oy 18 a3ueyd ON
%L1 — Pudg

%8L'0 — oU [eIow]

(yyuowr A19A9 SW ()]7) qEWINZOS
-0wolI JO JeaA 7 191 0qade[d Jo Ieak | paAIadal
oym ING Mol Yim uswom [esnedousunsod (g

sasop g < I9yje ue(g umnun

-UODSIP JoYJe SIBAK 7°()—G () JO URIPAW B Sem UON)

-emp dn-mo[[o UoISu)Xa S I0 ‘Apms WO

9y Surmp ua panunuodsIp oym syuedronied arom
IV "s1so10doaiso yyim uowom [esnedousunsod 1001

Ieok T Ise9 Je 10J Ade1oy) panunuoosIp

dnoi3 e |\ $7 I91je pue ua( Jo SIeak 7 Ylim pIjean
QI0M SSBW JUOQ MO] [3IM udwom [esnedousunisod

JuduEaIn) JO N-HC

KQq pamo[[0] ‘N $¢ 10 Ud(J 10 0qade[d paAradal
ssew 9uoq MO[ )Im udwom [esnedousunsod 96z

0qaoerd 10 31 gf 10 07 YAL
JO JA 7T Jo ueIpaw & 103Je (JA O€ JO ueIpaw) Apms
dn-mof[0} S1y) ur po[[oIud s1s010d0dISO YIIM UW GGE

IN 81 Jo ueaw & Iof 1l 0 10 (07 YL

10 0qaoe[d Im pajean) d1om oym SIs010dod)so
s uawom Tesnedouaunsod g9z jo dn-mof[oq

oqooe[d Jo 1eak [ Aq pamoroj suourroy proifyyered

Jo 18K | paAradar 10joe) ysuI | < snid eruadoaiso
10 s1s010d093s0 M uawom [esnedousunysod ()9

oqooerd

[92] 810€ 'Te 10 Sun[DOW

qewnzosowoy

[zl 810T 'Te 30 sSunuwny

[+2] 800T Te 10 _IIIA

[€2] 110CT Te 10 duog
qewnsoud([

[22] S00T T8 10 urwynes|

[12] #00€ 'Te 10 Kespury

[0z] S00T T8 10 YorIg
pneredriay,

JNLg uo ejep oN 9%G¢'T — :ourds Jequn PIAIOOAI /7] TV POAISJAI USWOM d1}010d09ISO 66T [61] S00T "Te 30 SLIS
%61 —-0S1 Tvd
%0°€ — 109 TV 0oU [eIowd,{ juowear) Jo K ¢ 1oyje Jedk |
%9'CT—:0ST TV¥ 10§ 0gede[d ur o[ pue ‘051 TV 10 09 TV panun
AL UO Byep oN %%C — 109 TV :eurds Jequn  -uoosIp uswom Jesnedousuisod paznuo}oINsAY 77 [81] 200T 'Te 10 9[9aN
JudjIxo[ey
Ade1oy) jo uonenun Ade1oy) jo uonenun
-U09SIp Jo Jeak | 10)Je JALLF Ul 23ueyd 9 paje[no[e)  -U0dSIp Jo Ieak | 10)Je (JIANY Ul 9Sueyd %paje[nofe) syuedronred pajos[og Apmg

(ponunuoo) | sjqey

A\ Adis



1650

L. P.B. Elbers et al.

Table 2 Reported data on fracture risk after discontinuing anti-osteoporotic treatment

Study Number of patients Effects of discontinuing treatment on fracture risk
discontinuing treat-
ment
Alendronate
Bone et al. 2004 [10] 83 No significant effect on (non)vertebral risk
Black et al. 2006 [11] 437 Significant increased risk of clinical vertebral fractures after discontinuation of therapy

compared to continuing therapy. No significant difference in morphometric vertebral and
nonvertebral fractures

Wasnich et al. 2004 [30] 165
Zoledronic acid

No data reported

Morphometric vertebral fracture risk was significantly lower in patients continuing zole-

dronic acid versus patients discontinuing treatment. No statistically significant differences
for clinical vertebral and nonvertebral fracture incidences

Black et al. 2012 [12] 617
Black et al. 2015 [13] 95
Risedronate

Watts et al. 2008 [14] 398

No significant effect on morphometric vertebral fractures and all clinical fractures

In the extension year, new vertebral fractures occurred in significantly more former placebo

patients than in the former risedronate patients. No differences in non-vertebral fractures

Nonvertebral fractures: only one occurred

No data are shown for the period after discontinuation of therapy. However, the vertebral

fracture rates indicated a trend toward lower rates with longer duration of etidronate

During year 2, 6/238 women had a clinical fracture

Eastell et al. 2011 [15] 30/31 Vertebral fractures: none
Ibandronate No data reported
Etidronate

Miller et al. 1997 [17] 46/54

Raloxifene No data reported
Teriparatide

Black et al. 2005 [20] 60

Lindsay et al. 2004 [21] 204/180

follow-up study
Kaufman et al. 2005 [22] 176
Denosumab
Bone et al. 2011 [23] 128

Compared to placebo the risk or 1 of more new vertebral fractures was reduced during the

Not reported regarding the period after stopping teriparatide

Clinical fractures occurred in the same number of participants in the previously treated pla-

cebo group as in the previously treated denosumab group. No clinical vertebral fractures

were reported

Miller et al. 2008 [24] 47/41

No increase in fracture incidence was observed among the small number of patients who

discontinued denosumab treatment

Cummings et al. 2018 [25] 1001

After discontinuing denosumab the rate of vertebral fractures increased similar to the

rate before and after discontinuing placebo. The rate of multiple vertebral fractures was
slightly higher after discontinuing denosumab than placebo. The new nonvertebral frac-
ture rate was similar in both groups

Romosozumab
McClung et al. 2018 [26] 20

No vertebral fractures or atypical fractures were reported during months 24 to 36 in partici-

pants who transitioned from romosozumab to placebo

due to the small number of included patients, but it seems
that there is no significant decrease after discontinuation of
etidronate.

3.1.6 Raloxifene

Two studies on raloxifene reported on BMD [18, 19]. The
mean% decreases in BMD 1 year after 5 years of treatment
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in hysterectomized postmenopausal women were all > 1%
(see Table 1) [18]. In 259 osteoporotic women receiving
raloxifene, during the interval in which no study drug was
taken between the 4th and 5th year, the raloxifene group had
significant bone loss at both the lumbar spine and femoral
neck (% changes from baseline after months 12 teriparatide
treatment and after 30 discontinuation of teriparatide were
3% and 2.9% in the highest dosage group) [19].
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Fig. 1 Percentage change in bone mineral density at lumbar spine
after 1 year of discontinuation of therapy. AL1 and AL2 refer to the
two studies on alendronic acid [10, 11]. ZOL1 refers to this study
on zoledronic acid [12]. RIS1 refers to this study on risedronate [14]
and RIS2placebo/RIS and RIS2RIS to the different regimens in [15].
IB refers to this study on ibandronate [16]. RAL1Ral60 and RAL-
1Ral150 refer to the different regimens with raloxifene in Neele et al.
[18] and RAL2 to the study on raloxifene by Siris et al. [19]. TER1
refers to this study on teriparatide [20], and TER2 and TER3 to [21]
and [22] in different dosages. DENI1 refers to this study on deno-
sumab [23] and DEN2Den210 and DEN2Den30 refer to the different
dosages in the study of Miller et al. [24]. ROM refers to the study on
romosozumab by McClung [26].

3.1.7 Teriparatide

Three studies reported on discontinuing teriparatide [20-22].
The first showed that the mean change in year 2 after 1 year
of parathyroid hormone was — 1.7% in the spine, which
was statistically different compared to the increase in BMD
(4.9%) in the women who received alendronate after 1 year
of parathyroid hormone [20]. No changes were observed in
the hip. Lindsay et al. reported only lumbar spine BMD of
follow-up of a large study on osteoporotic women who were
treated with two different dosages of teriparatide for a mean
of 18 months [21]. This led to a calculated decrease in lum-
bar spine BMD of almost 3% in the highest dose group after
1 year of discontinuation of therapy. The third study, which
included men with osteoporosis, found somewhat lower
decreases 1 year after discontinuation after a median of 12
months treatment with two dosages of teriparatide (— 1.28%
and — 1.75% in the lumbar spine) [22]. The effect on the
total hip was smaller: % change from baseline at Month 12
(3% and 2.9%) in the two dosage groups.

% change in total hip BMD after 1 year discontinuation
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Fig.2 Percentage change in bone mineral density at total hip after
1 year of discontinuation of therapy. AL1 and AL2 refer to the two
studies on alendronic acid [10, 11]. ZOL1 and ZOL2 refer to the
two studies on zoledronic acid [12, 13]. TER1 refers to this study on
teriparatide [20]. DEN2Den210 and DEN2Den30 refer to the differ-
ent dosages in the study of Miller et al. [24] and DEN3 to this study
on denosumab [25]. ROM refers to the study on romosozumab by
McClung [26]

3.1.8 Denosumab

With regard to denosumab discontinuation, three studies
were included [23-25]. Large decreases in lumbar spine and
total hip BMD were found after discontinuing denosumab
(see Table 1); Miller et al. showed that 12 months after 2
years treatment of denosumab, a BMD decrease of — 6.6%
at lumbar spine and — 5.3 at total hip [24] was observed. In
the study of Bone et al. in postmenopausal women with low
bone mass receiving placebo or denosumab for 24 months,
followed by 24 months off treatment, found that the increase
in BMD at both spine (6.4%) and total hip level (3.6%), had
returned to baseline values by Week 48 [23].

3.1.9 Romosozumab
In the relatively new compound romosozumab, one eli-
gible study was found in a small selection of 20 women

who received 1 year of placebo after 2 years of romo-
sozumab. Results showed large decreases in BMD after
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discontinuation, with the highest decrease in the lumbar
spine (9.3%) [26].

3.2 Effects on Bone Turnover Markers

All (calculated) percentage changes in bone turnover mark-
ers after 1 year of discontinuation of therapy are reported
in Table 1, as far as they were reported in the studies. All
included studies on alendronate, zoledronic acid, risedronate
and ibandronate showed increases of several BTM after
discontinuation of therapy [10-16]. There were no data on
BTM in etidronate and raloxifene. Regarding teriparatide,
one study reported data on BTM and showed a mean geo-
metric change from baseline at year 1 and year 2 of + 175
versus 0% in procollagen type 1 N peptide (P1NP) and of
+ 120% versus + 20% in C-terminal telopeptide of type 1
collagen (CTX) [20]. Two of three included studies on deno-
sumab reported BTM data and showed very large increases
of BTM, exceeding baseline levels (ranging from > 150 to
1000%), after discontinuation of denosumab [23, 24]. After
discontinuation of romosozumab both BTMs increased [26].

3.3 Effects on Fracture Risk
3.3.1 Alendronate

Two studies reported on fracture risk after discontinuation
of alendronate.[10, 11] Bone et al. reported that during years
6-10, the proportion of women with new morphometric
vertebral fractures was 6.6% in the discontinuation group,
13.9% in the 5-mg group and 5.0% in the 10-mg group and
this was non-significant [10]. During years 8—10, the propor-
tion of women with a first nonvertebral fracture was 12.0%
in the discontinuation group, 11.5% in the 5-mg group, and
8.1% in the 10-mg group. Black et al. reported a significantly
higher risk of clinical vertebral fractures in the 5 years of
placebo after 5 years of alendronate (5.3%), in contrast to
the patients who continued alendronate (2.4%); relative risk
(RR) 0.45; 95% CI, 0.24-0.85. Risks of morphometric and
nonvertebral fractures were not significantly increased after
discontinuation of alendronate (morphometric vertebral
fractures occurred in 11.3% with placebo versus 9.8% with
alendronate; RR, 0.86; 95% CI, 0.60—1.22 and nonvertebral
fractures occurred in 19.0% with placebo versus 18.9% with
alendronate; RR 1.00; 95% CI, 0.76-1.32) [11].

3.3.2 Zoledronic Acid

Both selected studies on zoledronic acid reported on frac-
ture incidence and one showed that morphometric verte-
bral fracture risk was significantly lower in patients who
received 6 years of treatment (n = 14) versus those who
were treated with 3 years of zoledronic acid followed by 3
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years of placebo (n = 30; 3.0% vs 6.2%, OR=0.51, 95% CI
0.26-0.95; p = 0.035) [12]. This study showed no significant
difference in clinical vertebral incidence and nonvertebral
fractures and the extension study, which randomized to 9
years of zoledronic acid or placebo for 3 additional years did
not show a significant difference in morphometric vertebral
fractures or all clinical fractures [13].

3.3.3 Risedronate

Watts et al. showed that in the extension year, new verte-
bral fractures occurred in 42 of 361 former placebo patients
(11.6%) and in 26 of 398 (6.5%) of former risedronate
patients; RR 0.54 (95% CI, 0.34, 0.86, p = 0.009) [14], con-
cluding that, despite the BMD and BTM decreases, the risk
of new morphometric vertebral fractures remained lower in
previous risedronate patients compared with previous con-
trol patients. Non-vertebral fractures occurred in 5.0% of
patients in the placebo group and 4.8% in the risedronate
group. In the other study on risedronate, no vertebral frac-
tures occurred and one traumatic fracture of the right proxi-
mal humerus due to a fall was reported as an adverse event
in one patient (3.2%) in the 5-mg risedronate group [15].

3.3.4 Ibandronate
No data were reported on fractures [16].
3.3.5 Etidronate

No data are shown for the period after discontinuation
of therapy. The vertebral fracture rates indicated a trend
towards lower rates with longer duration of etidronate [17].

3.3.6 Raloxifene
No data were reported on fractures [18, 19].
3.3.7 Teriparatide

Two studies reported on fractures, but in the study of Black
et al, only 6 women had a clinical fracture during year 2
(not reported in which group) [20]. In Lindsay et al, in the
subgroup of 549 women who had paired radiographs and
who did not report the use of any osteoporosis drugs during
the follow-up study, 27 (16.4%) of 165 in the placebo group,
21 (10.3%) of 204 in the 20-pg teriparatide group, and 17
(9.4%) of 180 in the 40-pg teriparatide group experienced 1
or more new vertebral fractures during the follow-up study
[21]. This represents a reduction in relative risk of 37% in
the 20-pg teriparatide group (p = 0.08) and 42% in the 40-pg
teriparatide group (p = 0.054) and it was concluded that ver-
tebral fracture risk reduction by teriparatide administration
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persists for at least 18 months after discontinuation of ther-
apy. However, no comparison was made to the period on
treatment with teriparatide, or to a group of patients who
continued teriparatide treatment.

3.3.8 Denosumab

Bone et al. reported that clinical fractures occurred in four
participants (3%) in the previously treated placebo group
and four participants (3%) in the previously treated deno-
sumab group and that no clinical vertebral fractures were
reported [23]. Miller et al. reported that no increase in frac-
ture incidence was observed among the small number of
patients who discontinued denosumab treatment [24]. The
largest study on denosumab showed that after discontinu-
ation, the rate (95% CI) of vertebral fractures increased to
7.1 (5.2-9.0) per 100 participant-years, similar to the rate
before and after discontinuing placebo (7.0 [5.2-8.7] and 8.5
[5.5-11.5] per 100 participant-years, respectively) [25]. The
rate of multiple vertebral fractures was slightly higher after
discontinuing denosumab than placebo (4.2 [2.8-5.7] vs 3.2
[1.4-5.1] per 100 participant-years. The new nonvertebral
fracture rate was similar in both groups.

3.3.9 Romosozumab

No vertebral fractures were reported during Months 24 to
36 in participants who transitioned from romosozumab to
placebo [26]. No atypical fractures were reported in any of
the groups.

4 Discussion

In general, stopping all anti-osteoporotic agents leads to
a decrease in BMD and the rapid increase of BTM after
discontinuation of treatment supports this. The% change in
BMD after 1 year of discontinuation of therapy was esti-
mated to be at least — 0.4/year at both total hip and femoral
neck level in both alendronate- and zoledronic acid-treated
patients. In all other reported agents (risedronate, iban-
dronate, etidronate, raloxifene, teriparatide, denosumab and
romosozumab) the percentage BMD loss percentage was at
least — 1%, with the largest decrease in BMD after discon-
tinuation of denosumab and romosozumab. In all studies that
reported bone turnover markers, there was a highly variable
increase in BTMs, varying from + 10 to + 1000%. These
differences can be explained by the different types of drugs
studied, but also on the type of BTM markers, the collection
and analysis of the samples. Nevertheless, the BTMs did not
return to baseline in 1 year after discontinuation of therapy,
with an exceptionally large increase to above baseline (250%
increase or more) after discontinuation of denosumab. This

supports the idea that osteoporosis should be considered as a
chronic disease which requires long-term fracture risk man-
agement to evaluate and prescribe anti-osteoporotic drugs
when necessary to maintain a specific treatment target to
prevent an enormous fall in BMD, which increases fracture
risk [27].

It was prominent that in bisphosphonates, the BMD
decreased more in the hip than in the spine; possibly this
is due to more atherosclerosis of the aorta and/or spondy-
losis of the lumbar spine, which both may lead to a local
increase in BMD at the spine, and not at the hips (that is
the reason why changes in hip BMD are the main outcome
in our study). On the contrary, in teriparatide for example,
the largest decrease in BMD was seen in the spine and less
in the hip after discontinuation, most likely due to different
mode of action of the different anti-osteoporotic drugs on the
different bone levels, i.e., spine and hip. In denosumab users,
it was found that bone loss was much larger in long-term
users (> 2.5 years) than in short-term users (< 2.5 years) [8].

On etidronate, only one small study reported BMD
changes in the vertebral spine. Since the data are too lim-
ited, it is not possible to draw any conclusions on etidronate.
Another issue is the difference between oral bisphospho-
nates: depending on farnesyl pyrophosphate synthase (FPPS)
inhibitory potency, the binding affinity to hydroxyapatite and
the accumulation and saturation potential, a drug holiday or
discontinuation of therapy of 1-2 years for risedronate and
2-3 years for alendronate and zoledronic acid are currently
recommended [28]. There were few data on fracture risk
after discontinuation of therapy. Unfortunately, if occur-
rences of fractures after discontinuation of therapy were
reported at all, numbers of included patients could have
been too small to observe an effect on fracture risk after
discontinuation of therapy, e.g. in the case of romosozumab
[26]. The data over 3-5 years showed that discontinuing
alendronate and zoledronic acid significantly increases
the risk of vertebral fractures when compared to continu-
ing therapy. We probably observed an effect on fracture
risk after discontinuing alendronate and zoledronic acid,
despite their modest decreases in BMD, because these stud-
ies were relatively large [11, 12]. In contrast, the vertebral
fracture rate increased upon denosumab discontinuation to
the level observed in untreated participants. A majority of
participants who sustained a vertebral fracture after discon-
tinuing denosumab had multiple vertebral fractures, with
greatest risk in participants with a prior vertebral fracture
[25]. The most critical point is that patients who discontinue
denosumab should switch to an alternative antiresorptive
treatment. More detail, in the ECTS-position statement [8],
where it is advocated to switch to oral bisphosphonates for
1224 months or to zoledronic acid for 1-2 years after short-
term denosumab treatment (< 2.5 years). After long-term
denosumab treatment, arbitrarily defined as > 2.5 years,
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zoledronic acid should be given 6 months after the last
denosumab injection, followed by a second infusion after
12 months, or, depending on the increase in bone turnover
markers, 3 and 6 months later (another option is of course to
continue denosumab treatment for up to 10 years).

Fracture risks after discontinuing risedronate and teri-
paratide are hard to interpret, although compared to a control
group, the risk was reduced after discontinuing treatment,
but the comparison was not made with continuing treatment
[14,21].

When extracting the data from the selected RCTs, the dif-
ferent study designs and the different ways of reporting the
data were striking. Not all studies were originally designed
to study the effects of discontinuation of the anti-osteoporo-
tic agent. Some studies compared data before and after stop-
ping within the same group, others studied the percentage
change after stopping with reference to baseline and com-
pared this to another group that did continue treatment. The
majority of studies showed figures with percentage changes
compared to baseline and no actual numbers in the text, and
this makes the extraction of data less precise and more dif-
ficult to interpret. These limitations make it hazardous to
make any comparisons between different compounds and
different studies. In an attempt to compare different com-
pounds, we calculated the percentage change in BMD and
BTM after 1 year of discontinuation of therapy as much as
possible. If we had to correct for the follow-up time because
it was not 1 year, this could have given an underestimation
of the BMD loss in the first year since, for example, in Bone
et al, most of the decreases in the former denosumab group
occurred in the first year after discontinuation [23].

Included patients were predominantly women, which is
analogous with daily practice. This limits the generalizabil-
ity of the data to other patient populations such as men.
Another issue is that in all studies with oral bisphosphonates,
daily dosages were used, while currently, weekly or monthly
regimes are prescribed. This might play a role, since earlier
data suggest that bone loss is larger after cyclical treatment
than after daily treatment (with risedronate) [29]. Almost
all studies reported on osteoporotic or osteopenic patients.
Despite our predefined inclusion criterium osteoporosis,
we also included two studies that selected otherwise; Was-
nich et al. on alendronate selected healthy postmenopausal
women who were younger and closer to menopause than
the women in the other two selected studies on alendronate
[30]. This probably explains the larger observed decreases
in BMD after discontinuing alendronate in this study. The
other study was by Neele et al. on raloxifene [18]; this study
selected hysterectomized postmenopausal women who were
treated with raloxifene for 5 years; since this was the only
study found with such a long treatment duration that further
fulfilled the inclusion criteria, we also included this study.
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In conclusion, this review shows that discontinuation of
anti-osteoporotic agents for 1 year leads to a decrease in
BMD with the largest decrease in BMD after discontinu-
ation of denosumab and romosozumab. This is supported
by an increase in BTM after stopping therapy, with the
largest increases after discontinuation of denosumab, to far
above baseline. There were few studies that reported data
on fracture risk after discontinuation of therapy and most
of these were underpowered to find a difference. Neverthe-
less, in larger studies the data showed that discontinuing
alendronate, zoledronic acid and especially denosumab, sig-
nificantly increases the risk of vertebral fractures, predomi-
nantly in women with prevalent vertebral fractures. There-
fore, osteoporosis should be considered more as a chronic
condition, as is the case with other chronic diseases, which
requires continuous treatment. The exception is alendronate
and zoledronic acid, where a discontinuation of drug therapy
of 1 year or more might be acceptable. To sustain the ben-
efits of therapy in the chronic disease osteoporosis, fracture
risk management should include continuous evaluation and
monitoring of therapeutic interventions for all anti-osteo-
porotic drugs, especially denosumab.

Declarations

Funding Not applicable

Conflict of interest LPB Elbers has no financial disclosures to de-
clare. HG Raterman has received consultancy fees from Amgen and
UCB. WF Lems has received consultancy fees from Merck Sharp and
Dohme, Amgen Inc, Eli Lilly and Company and UCB Pharma.

Availability of data and material Not applicable
Code availability Not applicable

Author contributions LPBE: formal analysis, writing-original draft,
writing—review and editing, visualization HGR: writing-original draft,
writing—review and editing, visualization, supervision WFL: con-
ceptualization, writing—review and editing, supervision. All authors
approved the final version of the manuscript.

Open Access This article is licensed under a Creative Commons Attri-
bution-NonCommercial 4.0 International License, which permits any
non-commercial use, sharing, adaptation, distribution and reproduction
in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other
third party material in this article are included in the article's Creative
Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regula-
tion or exceeds the permitted use, you will need to obtain permission
directly from the copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by-nc/4.0/.


http://creativecommons.org/licenses/by-nc/4.0/

BMD Loss After Anti-osteoporotic Drug Discontinuation

1655

References

10.

11.

12.

13.

14.

15.

Gedmintas L, Solomon DH, Kim SC. Bisphosphonates and
risk of subtrochanteric, femoral shaft, and atypical femur frac-
ture: a systematic review and meta-analysis. ] Bone Miner Res.
2013;28(8):1729-37.

Khan AA, et al. Diagnosis and management of osteonecrosis of
the jaw: a systematic review and international consensus. J Bone
Miner Res. 2015;30(1):3-23.

Lo JC, et al. Prevalence of osteonecrosis of the jaw in patients
with oral bisphosphonate exposure. J Oral Maxillofac Surg.
2010;68(2):243-53.

Saag KG, et al. Romosozumab or alendronate for frac-
ture prevention in women with osteoporosis. N Engl J Med.
2017;377(15):1417-217.

Neer RM, et al. Effect of parathyroid hormone (1-34) on fractures
and bone mineral density in postmenopausal women with osteo-
porosis. N Engl J Med. 2001;344(19):1434-41.

Fink HA, et al. Long-term drug therapy and drug discontinuations
and holidays for osteoporosis fracture prevention: a systematic
review. Ann Intern Med. 2019;171(1):37-50.

Guanabens N, et al. The next step after anti-osteoporotic drug
discontinuation: an up-to-date review of sequential treatment.
Endocrine. 2019;64(3):441-55.

Tsourdi E, Zillikens MC, Meier C, Body JJ, Gonzalez Rodriguez
E, Anastasilakis AD, Abrahamsen B, McCloskey E, Hofbauer
LC, Guadiabens N, Obermayer-Pietsch B, Ralston SH, Eastell R,
Pepe J, Palermo A, Langdahl B. Fracture risk and management
of discontinuation of denosumab therapy: a systematic review
and position statement by ECTS. J Clin Endocrinol Metab. 2020.
https://doi.org/10.1210/clinem/dgaa756.

Sugimoto T, et al. Vertebral fracture risk after once-weekly
teriparatide injections: follow-up study of Teriparatide Once-
Weekly Efficacy Research (TOWER) trial. Curr Med Res Opin.
2013;29(3):195-203.

Bone HG, et al. Ten years’ experience with alendronate for
osteoporosis in postmenopausal women. N Engl J Med.
2004;350(12):1189-99.

Black DM, et al. Effects of continuing or stopping alen-
dronate after 5 years of treatment: the fracture intervention
trial long-term extension (FLEX): a randomized trial. JAMA.
2006;296(24):2927-38.

Black DM, et al. The effect of 3 versus 6 years of zoledronic
acid treatment of osteoporosis: a randomized extension to the
HORIZON-Pivotal Fracture Trial (PFT). J Bone Miner Res.
2012;27(2):243-54.

Black DM, et al. The effect of 6 versus 9 years of zoledronic
acid treatment in osteoporosis: a randomized second extension to
the HORIZON-Pivotal Fracture Trial (PFT). J Bone Miner Res.
2015;30(5):934-44.

Watts NB, et al. Fracture risk remains reduced one year after dis-
continuation of risedronate. Osteoporos Int. 2008;19(3):365-72.
Eastell R, et al. Effect of stopping risedronate after long-
term treatment on bone turnover. J Clin Endocrinol Metab.
2011;96(11):3367-73.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Ravn P, et al. Changes in biochemical markers and bone mass
after withdrawal of ibandronate treatment: prediction of bone
mass changes during treatment. Bone. 1998;22(5):559-64.
Miller PD, et al. Cyclical etidronate in the treatment of postmeno-
pausal osteoporosis: efficacy and safety after seven years of treat-
ment. Am J Med. 1997;103(6):468-76.

Neele SJ, et al. Effect of 1 year of discontinuation of raloxifene or
estrogen therapy on bone mineral density after 5 years of treatment
in healthy postmenopausal women. Bone. 2002;30(4):599-603.
Siris ES, et al. Skeletal effects of raloxifene after 8 years: results
from the continuing outcomes relevant to Evista (CORE) study. J
Bone Miner Res. 2005;20(9):1514-24.

Black DM, et al. One year of alendronate after one year of
parathyroid hormone (1-84) for osteoporosis. N Engl J Med.
2005;353(6):555-65.

Lindsay R, et al. Sustained vertebral fracture risk reduction after
withdrawal of teriparatide in postmenopausal women with osteo-
porosis. Arch Intern Med. 2004;164(18):2024-30.

Kaufman JM, et al. Teriparatide effects on vertebral fractures and
bone mineral density in men with osteoporosis: treatment and
discontinuation of therapy. Osteoporos Int. 2005;16(5):510-6.
Bone HG, et al. Effects of denosumab treatment and discon-
tinuation on bone mineral density and bone turnover markers in
postmenopausal women with low bone mass. J Clin Endocrinol
Metab. 2011;96(4):972-80.

Miller PD, et al. Effect of denosumab on bone density and turno-
ver in postmenopausal women with low bone mass after long-term
continued, discontinued, and restarting of therapy: a randomized
blinded phase 2 clinical trial. Bone. 2008;43(2):222-9.
Cummings SR, et al. Vertebral fractures after discontinuation
of denosumab: a post hoc analysis of the randomized placebo-
controlled FREEDOM trial and its extension. ] Bone Miner Res.
2018;33(2):190-8.

McClung MR, et al. Effects of 24 months of treatment with romo-
sozumab followed by 12 months of denosumab or placebo in post-
menopausal women with low bone mineral density: a randomized,
double-blind, phase 2, parallel group study. J Bone Miner Res.
2018;33(8):1397-406.

Ferrari S, et al. Relationship between bone mineral density T-score
and nonvertebral fracture risk over 10 years of denosumab treat-
ment. ] Bone Miner Res. 2019;34(6):1033-40.

Hayes KN, et al. Duration of bisphosphonate drug holidays in
osteoporosis patients: a narrative review of the evidence and con-
siderations for decision-making. J Clin Med. 2021;10(5):1140.
Eastell R, et al. Prevention of bone loss with risedronate in glu-
cocorticoid-treated rheumatoid arthritis patients. Osteoporos Int.
2000;11(4):331-7.

Wasnich RD, et al. Changes in bone density and turnover after
alendronate or estrogen withdrawal. Menopause. 2004;11(6 Pt
1):622-30.

A\ Adis


https://doi.org/10.1210/clinem/dgaa756

	Bone Mineral Density Loss and Fracture Risk After Discontinuation of Anti-osteoporotic Drug Treatment: A Narrative Review
	Abstract
	1 Introduction
	2 Search Methodology
	3 Findings of Literature Review
	3.1 Effects on BMD
	3.1.1 Alendronate
	3.1.2 Zoledronic Acid
	3.1.3 Risedronate
	3.1.4 Ibandronate
	3.1.5 Etidronate
	3.1.6 Raloxifene
	3.1.7 Teriparatide
	3.1.8 Denosumab
	3.1.9 Romosozumab

	3.2 Effects on Bone Turnover Markers
	3.3 Effects on Fracture Risk
	3.3.1 Alendronate
	3.3.2 Zoledronic Acid
	3.3.3 Risedronate
	3.3.4 Ibandronate
	3.3.5 Etidronate
	3.3.6 Raloxifene
	3.3.7 Teriparatide
	3.3.8 Denosumab
	3.3.9 Romosozumab


	4 Discussion
	References




