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Abstract
The long-term effects of zoledronate treatment in women with postmenopausal osteoporosis who stop denosumab therapy 
when they become osteopenic are not known. In a prospective, randomized, controlled clinical trial we previously reported 
that a single intravenous infusion of zoledronate 5 mg given to such patients 6 months after the last denosumab injection 
effectively prevents bone loss in the majority of them for up to 3 years. The study was extended for an additional 2 years and 
included all 19 patients from one Trial Site of the total 27 patients originally randomized in the zoledronate arm. Baseline 
characteristics of this cohort treated with denosumab for 2.4 ± 0.2 years were not different from those of the whole initial 
cohort or from the patients who did not participate in this extension. At the end of 5 years 7 patients had become again 
osteoporotic requiring additional treatment, 9 remained osteopenic while 3 did not complete the study extension. Thus, more 
than half of the osteoporotic women who became osteopenic with denosumab treatment and stopped it, maintained the BMD 
gains 5 years after a single zoledronate infusion with no additional treatment. Whether these results are also applicable to 
patients treated with denosumab for longer periods remains to be established.
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Introduction

It is currently recommended that patients with osteoporosis 
discontinuing denosumab treatment when achieving osteo-
penia should be administered bisphosphonates to prevent 
the rebound of bone turnover and the ensuing bone loss 
and increase in the risk of vertebral fractures [1]. Most of 

the evidence in support of this recommendation has been 
obtained with the use of intravenous zoledronate 5 mg. For 
example, in the first prospective, randomized, controlled 
study (AfterDmab) we showed that in treatment-naïve 
postmenopausal women who had become osteopenic after 
2.4 ± 0.2 years of denosumab treatment, a single zoledronate 
infusion following discontinuation of denosumab maintained 
bone mineral density (BMD) for 2 years [2]. To address, 
however, the clinically relevant question of the duration of 
the effect of zoledronate and, hence, the requirement of a 
new course of antiosteoporotic treatment, longer term infor-
mation is essential. In a 3rd year extension of our study we 
found that only 17.4% of these women became again osteo-
porotic requiring a new treatment course [3] and we report 
here BMD results of women followed for an additional 
2 years up to a total of 5 years after the zoledronate infusion.
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Methods

The original cohort comprised 57 treatment-naïve women 
with postmenopausal osteoporosis treated with denosumab 
for 1 to 4 years who were randomized to receive a sin-
gle 5-mg infusion of zoledronate or two additional 60-mg 
injections of denosumab after achieving osteopenia [2]. 
Results of the main trial (years 0–2), that had changes 
in LS-BMD as primary endpoint, and of the 3rd year 
extension for the 27 women who received zoledronate 
have been previously published [2, 3]. In 19 of these 27 
women, recruited at the Department of Endocrinology of 
424 General Military Hospital, follow-up was extended 
for an additional 2 years to address the question of how 
many women will remain osteopenic up to 5 years after 
the zoledronate infusion (Fig. 1). Patients were followed 
as originally planned and continued receiving cholecal-
ciferol 800 IU/day and calcium carbonate 500 mg b.i.d. 
However, because of the pandemic, blood samples for the 
measurement of bone turnover markers were not obtained 
during this period.

Areal BMD of the Lumbar Spine (LS; L1-L4) and Fem-
oral Neck (FN) of the non-dominant hip were measured 
at baseline and annually thereafter, by dual energy X-ray 
absorptiometry (DXA) (Lunar Corporation, Madison, 
WI, USA). Lateral radiographs of the spine were also per-
formed annually. The study extension was approved by the 
local ethics committee and informed consent was obtained 
by the participants.

Statistical Analysis

Data are presented as mean ± standard error of the mean 
(SEM) for continuous and as number and/or frequen-
cies for categorical variables. Between group compari-
sons were performed with independent-sample t-test or 
Mann–Whitney test (continuous variables) or Chi-square 
or Fischer’s exact test (categorical variables). Repeated 
measures ANOVA was used to compare BMD overtime. 
Logistic regression analysis was used to adjust the need of 
treatment resume for potential confounders. A two-sided 
p value of < 0.05 was considered statistically significant 
in all the above tests. Statistical analysis was performed 
with SPSS for Macintosh, version 27.0 (IBM Corporation, 
Armonk, New York, USA).

Results

Baseline characteristics of the women included in the 
5-year extension (n = 19) were not different from those of 
women originally assigned to zoledronate treatment but 
not included (n = 8) in this extension (Table 1) or from 
those of the original cohort.

One patient was diagnosed with breast cancer and 
withdrew from the study, one was lost to follow-up and 
in one a 5-year BMD measurement could not be obtained 
(her LS BMD T-score at year 4 was -1.5 equal to the 
value before the zoledronate infusion). Of the remaining 
patients, 7 required additional treatment (zoledronate or 
denosumab) during follow-up because LS-BMD T-score 
decreased below − 2.5 (1 at 2 years, 3 at 3 years, and 3 
at 4 years after the infusion), while 9 patients remained 
osteopenic at 5  years (LS BMD 0.985 ± 0.036  kg/m2, 
T-score − 1.7 ± 0.3) not requiring retreatment (Fig. 2). 
FN BMD, in all patients who did not receive additional 
treatment remained also osteopenic at 5 years (FN BMD 
0.813 ± 0.018 kg/m2, T-score − 1.8 ± 0.2).

Comparison of baseline characteristics of patients 
who did not require additional treatment with those who 
received a new treatment course, including those who were 
lost to follow-up, revealed significantly higher LS BMD 
T-scores in the former group (− 1.4 ± 0.2 vs. − 2.1 ± 0.1; 
p = 0.008), but no differences in FN-BMD T-scores 
(− 1.5 ± 0.2 vs. − 1.6 ± 0.4; p = 0.894), in duration of den-
osumab treatment, age, age at menopause, and BMI. Inter-
estingly, all, but one of the patients who did not receive 
additional treatment during the follow-up period had LS 
BMD T-scores before the zoledronate infusion ≥ − 2 while 
all, but one, of those who received additional therapy had 
LS BMD T-scores at baseline < − 2. However, in logistic 

8/27 women did not par�cipate 
in the extension

3 excluded from the analysis
1 lost to FU, 1 Breast Ca, 1 no 5-yr measurement

2-year Extension 

All 19/27 women from a single site 
par�cipated in the extension

At 5 years
9/16 remained osteopenic without new treatment 
7/16 developed osteoporosis and were retreated

27 treatment-naïve women with pm 
osteoporosis treated with Dmab and 

became osteopenic were randomized to 
receive a single Zol 5 mg infusion and 

were followed for 
3 years2,3

Fig. 1   Flow diagram of the design and progress of the study. pm post-
menopausal, Dmab denosumab, Zol zoledronate, [2, 3] references, fu 
follow-up, breast Ca breast cancer
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regression analysis, lower baseline LS BMD T-score was 
not associated with the need of treatment resumption inde-
pendently of age, BMI, and years on denosumab. None 
of the patients sustained a new clinical or morphometric 
vertebral or peripheral fracture during the 5-year follow-
up period.

Discussion

Our results indicate that in more than half of the osteoporo-
tic women who became osteopenic with denosumab treat-
ment, zoledronate 5 mg given at six months after the last 
denosumab injection could maintain the osteopenia for up to 
5 years without the need of additional treatment. This is the 
first prospective study to report long-term BMD changes in 
treatment-naïve patients who received a single zoledronate 
infusion after stopping denosumab therapy. In a retrospective 
study of women with osteoporosis (48% treatment-naïve) 
who were treated with denosumab between 2 and 5 years and 
received a zoledronate infusion after denosumab discontinu-
ation, BMD was measured 18 to 48 months after zoledronate 
and the authors reported that all of the BMD loss occurred 
within the first 18 months after zoledronate [4]. In our study, 
with annual measurements up to year 5, bone loss occurred 
even later as evidenced by the initiation of additional treat-
ment 3 or 4 years after the zoledronate infusion. Differences 
in study designs do not allow any conclusions about these, 
apparently contrasting, findings.

The maintenance of BMD within the osteopenic range 
for 5  years following the zoledronate infusion in more 
than half of the patients who completed the study raises 
the clinically relevant question of the predictability of this 
response. Notably, the response was primarily observed in 
women with baseline BMD T-score > − 2 as opposed to loss 
in nearly all women with BMD ≤ − 2. While this may be a 
chance finding, it resembles the 5-year response of treat-
ment-naïve osteopenic (BMD T-score between − 1 and − 2) 
women treated with a single zoledronate infusion [5] and we 
believe that it should be further considered and investigated. 

Table 1   Baseline characteristics 
of the women included in the 
5-year extension compared with 
those that were not included

Data are presented as mean ± standard error of the mean (SEM)
BMD bone mineral density; BMI body mass index; CTX C-terminal telopeptide of type 1 collagen; FN 
femoral neck; LS lumbar spine; P1NP procollagen type 1 N-terminal propeptide; VFx vertebral fractures
* Based on Mann–Whitney test for continuous and Fischer’s exact test for categorical variables

Variable Included in the 5-year 
extension (n = 19)

Non-included in the 5-year 
extension (n = 8)

p-value*

Age (years) 64.9 ± 2.2 65.9 ± 2.7 0.559
Age at menopause (years) 46.3 ± 1.2 49.4 ± 1.6 0.275
BMI (kg/m2) 29.7 ± 0.8 28.9 ± 1.5 0.541
Time on Denosumab (years) 2.4 ± 0.2 2.3 ± 0.4 0.869
BMD LS (g/cm2) 0.970 ± 0.019 0.935 ± 0.012 0.276
BMD FN (g/cm2) 0.813 ± 0.023 0.789 ± 0.018 0.339
T-score LS (SD) − 1.75 ± 0.15 − 1.99 ± 0.11 0.379
T-score FN (SD) − 1.58 ± 0.18 − 1.60 ± 0.16 0.758
P1NP (ng/ml) 20.9 ± 2.2 32.9 ± 15.7 0.915
CTx (ng/ml) 0.21 ± 0.03 0.19 ± 0.07 0.203
25-hydroxy-vitamin D (ng/ml) 26.6 ± 1.0 33.3 ± 7.6 0.365
Prevalent VFx [n (%)] 6 (31.6) 4 (50.0) 0.664
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Fig. 2   Yearly measurements of LS  BMD T-scores (mean ± SEM) 
in osteoporotic women who became osteopenic with denosumab 
therapy, received a single infusion of zoledronate 5 mg following its 
discontinuation and were followed for 5 years. Women who remained 
osteopenic and did not require additional antiosteoporotic treatment 
(gray bars) and women who became osteoporotic and received new 
treatment (black bars) are shown separately. The number above each 
bar (Nr) depicts the number of patients measured at each time point 
and does not include patients who received a new treatment. Nr num-
ber of patients, LS lumbar spine, BMD bone mineral density
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Furthermore, it suggests that treatment with denosumab 
should not be stopped simply when osteopenia is reached 
but should be continued until BMD T-scores values higher 
than − 2 are obtained. This suggestion is consistent with 
the reported progressive increase in BMD with time and the 
treat-to-target approach for denosumab [6] and with the post-
hoc analysis of the FREEDOM study, which showed that 
the relationship between hip BMD T-score and incidence of 
nonvertebral fractures plateaued at a T‐score between − 2.0 
and − 1.5 suggesting that a T‐score threshold ≥ − 2.0 would 
be an appropriate target for therapy to maximize treatment 
benefits [7].

Apart from the mentioned difference in LS BMD, our 
results did not identify any factor, including age, BMI and 
duration of denosumab treatment, that could be associated 
with the prolonged response to zoledronate in agreement 
with an earlier report [4]. Contrasting results have also been 
reported for age and duration of treatment [8, 9]. The lat-
ter has emerged as an important determinant of the BMD 
response to zoledronate [10] but the mechanism is still 
incompletely understood [11]. The patients included in 
the present study had received denosumab for a maximum 
period of 4 years and whether our findings are also appli-
cable to patients treated with denosumab for longer periods 
remains to be tested. A limitation of this extension of our 
study is the lack of bone marker measurements, but it should 
be noted that up to 3 years bone marker changes were not 
associated with changes in BMD [3].

It is finally reassuring that no new clinical or radiographic 
vertebral fractures were documented and their overall inci-
dence in the study was much lower than expected in patients 
stopping denosumab [8], a result consistent also with the 
low incidence of vertebral fractures in patients treated with 
bisphosphonates in retrospective studies [12, 13].

In conclusion, we showed that a single zoledronate infu-
sion can consolidate the gains of denosumab treatment in a 
substantial number of women with postmenopausal osteo-
porosis. Further studies of potential modulators of this 
response are essential and, in our view, priority should be 
given to investigations of the length of denosumab treatment. 
Independently of these considerations, our study emphasizes 
and supports recommendations for continuous monitoring of 
the patients with follow-up BMD measurements.
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