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Abstract
Background: After denosumab (Dmab) discontinuation C-terminal telopeptide (CTX) levels increase, bone mineral density (BMD) decreases and 
multiple vertebral fractures (FX) may occur with relevant impacts on women’s health. A sequential therapy with bisphosphonates is 
recommended, and the European Calcified Tissue Society (ECTS) proposed repeated zoledronate (ZOL) administrations in patients with 
persistently high CTX levels, although the efficacy of this schedule is unknown. In this retrospective study, we describe BMD changes and 
FX rate in 52 patients managed according to the ECTS recommendations.
Methods: We measured CTX levels and administered ZOL after 1 month from Dmab withdrawal (t0). After 6 months (t1), we administered a 
second ZOL infusion, if CTX levels were ≥280 ng/L. BMD changes and FX rate were assessed on average after 17 months from Dmab 
withdrawal.
Results: Seventy-five percent of patients repeated ZOL infusion. In this group, spine BMD declined significantly (−5.5 ± 5.6%), while it remained 
stable in the group with CTX levels <280 ng/L (−0.1 ± 5.5%, P = 0.008). All fractured patients (9.6%) had received >5 Dmab injections and 2 ZOL 
infusions. The BMD worsening after Dmab withdrawal was associated with CTX t1 [odds ratio (OR) 2.9, interquartile range (IQR) 1.3-6.6, P = .009] 
and spine BMD gain during Dmab therapy corrected for the number of Dmab injections (OR 3.0, IQR 1.2-7.2, P = .014). A CTX level at t1 > 212 ng/L 
had 100% sensitivity in predicting the BMD loss.
Conclusion: In patients with uncontrolled CTX levels after Dmab withdrawal, 2 ZOL infusions 6 months apart do not prevent BMD loss and FX.
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Denosumab (Dmab) is a monoclonal antibody against the 
receptor activator of nuclear factor κB ligand, which suppresses 
the differentiation from precursors cells and osteomorphs (end- 
stage nonresorbing cells derived from osteoclasts that can be 
recycled back into active osteoclasts) to osteoclasts. Dmab is 
administered subcutaneously at a dosage of 60 mg every 25 
weeks to increase bone mineral density (BMD) and to reduce 
fracture (FX) risk in patients affected by osteoporosis or as 
primary prevention in patients taking glucocorticoids or hor
monal deprivation therapy for prostate or breast cancer (1, 2).

Although a good safety profile is guaranteed for up to 10 
years of treatment, Dmab may be withdrawn earlier in some 
cases, as in osteoporotic patients if the BMD improves and 
reaches osteopenic values or in patients without osteoporosis 
who discontinue hormonal deprivation therapy or glucocorti
coids (1). It is known that, after Dmab withdrawal, bone turn
over markers (BTMs) persistently increase, BMD rapidly falls 
to pretreatment values, and multiple clinical vertebral FX 
(VFX) may occur with relevant impacts on women’s health 
(rebound phenomenon) (3-6). In particular, rebound VFXs 

are more likely if the Dmab therapy duration is longer than 
3 years (7). By blocking the receptor activator of nuclear 
factor κB ligand, Dmab causes the osteoclasts precursors cells 
accumulation, so when Dmab is discontinuated, the osteoclas
togenesis is enhanced. It has been suggested that the longer the 
duration of Dmab therapy (and the higher the number of the 
accumulated cells), the greater the extent of the “rebound,” 
making the occurrence of VFX more probable (8).

Although the use of a sequential therapy with bisphospho
nates (BPs) such as intravenous zoledronate (ZOL) can attenu
ate the rebound phenomenon, a single ZOL administration 
may not completely prevent the rebound VFX and BMD loss, 
in particular if more than 5 injections of Dmab have been ad
ministered (9-11).

In 2020 a position statement of the European Calcified Tissue 
Society (ECTS) recommended a sequential therapy with oral 
BPs or ZOL for 1 to 2 years depending on BTMs and BMD if 
the Dmab therapy duration was short (≤2.5 years), whereas 
in patients treated for longer periods (ie, >2.5 years) ZOL 
should be administered 6 months after the last injection and 
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possibly repeated 3-6 months later in case of BMTs levels re
maining still above the healthy premenopausal women thresh
old (C-terminal telopeptide, CTX ≥280 ng/L or procollagen 
type 1 N-terminal propeptide ≥35 µg/L) (12).

Notwithstanding these suggestions, so far no study is avail
able proving that a repeated ZOL schedule could be more 
effective than a single infusion in patients with persistently 
elevated BTMs.

This retrospective real-life monocentric study was designed 
to evaluate the efficacy of a second ZOL administration in pre
venting BMD loss and VFX in a sample of consecutive patients 
who discontinued Dmab with persistent elevated CTX 6 
months after the first ZOL infusion.

Patients and Methods
Patients
In this observational study, we retrospectively examined the 
available data in December 2023 of all patients referred to 
our outpatient clinic for metabolic bone diseases who discon
tinued Dmab therapy between January 2020 and June 2022 
and underwent their first ZOL administration between 6 
and 7 months after the last Dmab injection (n = 109). We 
excluded subjects (1) with secondary forms of osteoporosis 
(n = 9); (2) who lacked BMD measurement by dual-energy 
x-ray absorptiometry and/or of thoracolumbar spinal radio
graphs at the time of Dmab discontinuation (n = 1) or at 
follow-up (n = 44); (3) who refused to repeat ZOL in case 
of CTX ≥280 ng/L 6 months after the first administration 
(n = 4). Eventually, we enrolled 52 patients (3 males and 49 fe
males). According to the Italian prescription rules, all patients 
had been treated for primary osteoporosis (n = 43) or for con
comitant therapy with aromatase inhibitors (AI; n = 9). The 
decision for discontinuing Dmab was due to 1 of the following 
reasons: (1) presence of BMD at lumbar spine (LS) and total 
hip (TH) above −2.5 (n = 31); (2) AI discontinuation in the 
absence of other criteria to continue Dmab therapy (n = 9); 
(3) patient’s will to discontinue Dmab (n = 10). All patients 
were taking adequate vitamin D and calcium supplements, if 
needed.

Ethical approval was obtained from the ethic committee 
(Milan, Lombardia 3) (ID: 3648, response November 20, 
2023).

Methods
From all enrolled patients, data on body mass index, smoking 
habits, family history of osteoporosis and hip fractures, and 
personal history of FX were collected. At the time of Dmab 
discontinuation (t0), FXs were considered prevalent and due 
to bone fragility if they occurred before or during Dmab ther
apy and without any evident trauma or after a low-energy 
trauma (eg, a fall from a standing height).

In all patients CTX, osteocalcin, calcium, creatinine, total, 
and bone-specific alkaline phosphatase (bALP) were measured 
on the same day of the first ZOL administration (t0) and 6 
months later (t1) in the early morning at the central clinical rou
tine laboratory of our hospital. The normal upper limit of CTX 
in our laboratory is <584 ng/L in premenopausal women, 
<1008 ng/L in postmenopausal women, and <854 ng/L in 
men. According to the ECTS position statement, we adminis
tered an additional ZOL dose 6 months after the first 1 in pa
tients with CTX at t1 ≥ 280 ng/L.

The BMD was measured by dual-energy x-ray absorpti
ometry (Hologic Discovery, software version 13.3:3, 
Bedford, MA) at the LS (L1–L4) ( Z-LS, in vivo precision 
1.0%), femoral neck (FN, Z-FN, in vivo precision 1.8%), 
and TH (Z-TH, in vivo precision 1.7%) at the time of 
Dmab discontinuation and at follow-up. We calculated the 
LS, FN, and TH-BMD changes after Dmab discontinuation. 
When available, we also calculated the BMD changes during 
Dmab therapy and the overall BMD changes from the 
Dmab initiation until the end of the study follow-up. The 
BMD variation was considered significant if above or below 
the least significant change (LSC) (LS: 2.8%, FN: 5.9%, TH: 
4.8%). We defined a BMD worsening in case of a loss >  
LSC at ≥2 sites measured (LS, FN, and TH) or in case of iso
lated LS BMD loss >5%, regardless of FN and/or FT trend. 
We decided to consider even this latter condition on the basis 
of other authors’ experience in earlier studies on this topic 
(13, 14). The BMD measurement during follow-up was per
formed 17 ± 3 months after Dmab discontinuation.

Information on incident clinical fragility FX after Dmab 
discontinuation was obtained from all subjects at the regularly 
scheduled clinical visits, and they were confirmed by review
ing medical records. We also encouraged patients to contact 
us in case of ascertained FX or symptoms suggesting FX.

A conventional spinal radiograph in lateral and anteropos
terior projection (T4–L4) was obtained in all subjects at the 
time of Dmab discontinuation and at follow-up using a stand
ardized technique. Morphometric vertebral FX was diagnosed 
using the semiquantitative visual assessment (SQ) (15). FXs 
were defined as reductions of >20% in anterior, middle, or 
posterior vertebral height. From lateral spine radiographs, 
13 vertebrae from T4 to L4 were assessed visually as intact 
(SQ grade 0) or as having approximately mild (20% to 25% 
height reduction), moderate (25% to 40% height reduction), 
or severe (>40% height reduction) deformity (SQ grades 1, 2, 
and 3, respectively) (15). In all patients, we calculated the spi
nal deformity index, which is considered as a tool for assessing 
future VFX risk (16), by summing the fracture grades of all 
vertebrae (T4 to L4). Two radiologists, who were blinded to 
BMD data, independently reviewed the radiographs.

All the information given by patients was confirmed by re
viewing the medical records. Traumatic FXs were not consid
ered in the analysis.

Statistical Analysis
Statistical analysis was performed by SPSS version 28.0 statis
tical package (IBM). The results were expressed as mean ± SD 
or median (IQR). The normality of distribution was tested by 
Kolmogorov–Smirnov test. The comparison of continuous 
variables was performed using Student’s t-test or Mann– 
Whitney U-test, as appropriate. Categorical variables were 
compared by χ2 test or Fisher’s exact test, as appropriate. 
We performed the following comparisons: (1) characteristics 
of patients with indication to second ZOL administration 
with those of patients without indication to second ZOL ad
ministration; (2) characteristics of patients who maintained 
BMD with those of patients who lost BMD after Dmab with
drawal; (3) characteristics of patients with short, medium, and 
long duration of Dmab therapy. The linear regression analysis 
assessed the association between the percentage change in LS 
BMD (ΔLS) after Dmab and the number of Dmab injections, 
the CTX levels at t0 and t1. The logistic regression analysis 
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assessed the association between the LS BMD worsening after 
Dmab discontinuation, the CTX levels at t1, the LS BMD gain 
during Dmab therapy, and the number of Dmab injections. 
Modifications of BMD have been expressed as percentage 
(Δ) changes vs Dmab withdrawal or vs Dmab initiation, as 
specified.

The receiver operating characteristic curve was used for assess
ing the cut-off of CTX value with the best diagnostic accuracy for 
predicting the BMD worsening after Dmab discontinuation. 
P-values of less than .05 were considered significant.

Results
The clinical, biochemical, and radiological parameters of all 
patients (n = 52) at the time of Dmab discontinuation (t0) 
are summarized in Table 1.

Mean BMD changes during Dmab therapy and after dis
continuation are summarized in Fig. 1. All patients showed 

a BMD improvement at all sites during Dmab. As compared 
with BMD at the Dmab initiation, however, at the end of 
the follow-up the BMD increase obtained with Dmab therapy 
was significantly maintained only at LS. After Dmab discon
tinuation, the percentage of subjects with BMD loss ≥ LSC 
was 61% at LS, 38% at FN, and 23% at TH.

Overall, 5 female patients (9.6%) presented a FX during 
the follow-up after Dmab discontinuation. Only 1 of them 
presented multiple clinical VFX, which have been typically 
associated with the “rebound,” that occurred 6.5 months 
after the last Dmab injection and before the first ZOL ad
ministration. The clinical, radiological, and biochemical 
findings of patients with incident FX after Dmab withdraw
al are detailed in Table 2. The prevalence of subjects with 
values < −2.0 was 22.6% (12 patients) in our cohort, and 
we found no difference in TH T-score at Dmab withdrawal 
between patients with or without rebound FX (−2.0 ± 1.2 
vs −1.7 ± 0.9, P = .517).

We found that a comparable percentage of patients treated 
for AI or osteoporosis had indication to a second ZOL, and 
the percentages of patients with the BMD worsening at 
follow-up were also comparable in the 2 groups (data not 
shown). Among patients with incident FX, none had been 
treated with Dmab for AI therapy.

Comparison Between Patients With and Without 
Indication to Repeat a Second Dose of ZOL After 6 
Months
The comparison between patients who underwent a single 
ZOL infusion (ZOL1; n = 13) or an additional ZOL adminis
tration 6 months later (ZOL2; n = 39) is reported in Table 1. 
All parameters at t0 considered in the analyses were compar
able between the 2 groups. In particular, the number of Dmab 
injections and the number of subjects treated with Dmab for 
≥2.5 years was comparable between ZOL1 and ZOL2 
patients.

The percentage of subject with LS, FN, and TH loss > LSC 
after Dmab discontinuation was not significantly different be
tween the 2 groups (5 vs 24%, P = .473; 3 vs 13%, P = 1.000; 
0 vs 10%, P = .168; respectively, at LS, FN, and TH in ZOL1 
and ZOL2). The mean BMD changes during Dmab therapy 
and after discontinuation in ZOL1 and ZOL2 patients are re
ported in Fig. 1. Both groups improved significantly at all sites 
during Dmab administration with no significant differences. 
After Dmab discontinuation in ZOL1 patients BMD remained 
stable while ZOL2 presented a BMD loss at LS and at femur, 
even though without reaching statistical significance for the 
latter site. Although the overall BMD variations between 
Dmab initiation and the end of the follow-up did not differ sig
nificantly between the 2 groups, ZOL1 patients showed a 
BMD improvement beyond the LSC at all sites while ZOL2 
only at LS.

All patients with incident FX after Dmab discontinuation 
belonged to the ZOL2 group, with the rate of FX incidence 
being 12.8% in this group. No significant difference was 
found between patients with incident FX as compared to those 
without incident FX within the ZOL2 group in terms of body 
mass index, sex, age, or prevalent FX pre-Dmab; use of BPs 
pre-Dmab; number of Dmab injections and of patients treated 
with Dmab therapy longer than 2.5 years; ΔBMD at LS, FN, 
and TH during Dmab therapy, after Dmab discontinuation, 
and overall; prevalence of patients experiencing a BMD 

Table 1. The clinical, biochemical, and radiological findings of all 
patients discontinuing denosumab and the comparison between 
patients who underwent ZOL1 or ZOL2

All patients 
(52)

ZOL1 
(13)

ZOL2 
(39)

P

Age (years) 71 ± 8.5 73.1 ± 7.0 70.0 ± 8.9 .263
BMI (kg/m2) 24.5 ± 4.8 25.5 ± 5 24.1 ± 4.4 .369
Sex (male) 3 (5.8) 2 (15.4) 1 (2.6) .086
No. of Dmab 

injections
8 ± 3 8 ± 3 9 ± 3 .222

Dmab for ≥2.5 years 43 (82.7) 10 (76.9) 33 (84.6) .525
Aromatase inhibitors 

therapy
9 (17.3) 1 (7.7) 8 (20.5) .290

Spine Deformity 
Index

1 (3) 2 (3) 1 (4) .773

Previous fractures 34 (65.4) 8 (61.5) 26 (66.7) .747
Previous BPs therapy 23 (44.2) 6 (46.2) 17 (43.6) 1.000
TBS 1.128 (0.128) 1.129 

(0.192)
1.134 

(0.128)
.429

ΔLS% in Dmab 14.8 ± 8.5 11.5 ± 12.0 15.9 ± 6.9 .137
ΔFN% in Dmab 4.9 ± 5.1 4.9 ± 7.8 4.9 ± 4.3 .922
ΔTH% in Dmab 6.8 ± 5.4 5.1 ± 5.3 7.3 ± 5.4 .276
LS T-score t0 −2.4 ± 0.9 −2.5 ± 1.1 −2.3 ± 0.8 .517
FN T-score t0 −2.2 ± 0.8 −2.2 ± 1.0 −2.1 ± 0.8 .777
TH T-score t0 −1.7 ± 0.9 −1.8 ± 1.1 −1.7 ± 0.8 .722
ΔLS% after Dmab −4.4 ± 6.0 −0.1 ± 5.5 −5.5 ± 5.6 .008
ΔFN% after Dmab −2.1 ± 6.3 1.2 ± 7.5 −3.0 ± 2.7 .073
ΔTH% after Dmab −1.7 ± 4.3 0.4 ± 6.3 −2.1 ± 3.7 .323
CTX t0 (ng/L) 415 ± 343 342 ± 227 442 ± 375 .363
ALP t0 (U/L) 57 (24) 57 (25) 57 (24) .960
bALP t0 (µg/L) 8.4 ± 3.7 7.3 ± 3.3 8.7 ± 3.8 .234
OC t0 (µg/L) 13.7 ± 4.5 12.8 ± 5.3 14.0 ± 4.3 .467

Data are expressed as mean ± SD, median and interquartile range, or absolute 
value and percentage in parentheses. 
Abbreviations: ALP, total alkaline phospatase; bALP, bone-specific alkaline 
phospatase; BMD, bone mineral density; BMI, body mass index; BPs, 
bisphosphonates; CTX, C-telopeptide of type 1 collagen; Dmab, denosumab; 
FN, femoral neck; LS, lumbar spine; OC, osteocalcin; TBS, trabecular bone score; 
TH, total hip; ZOL1, patients who underwent a single ZOL infusion; ZOL2, 
patients treated with an additional ZOL administration 6 months later; ZOL, 
zoledronate.
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worsening after Dmab discontinuation and overall; or BTM 
levels at t0 and t1 (data not shown).

Comparison Between Patients With BMD Stability or 
Worsening at the End of Follow-up After Dmab 
Discontinuation
Among the group of patients defined as having a BMD wor
sening after Dmab discontinuation, 8 patients (29.6%) had 
an isolated LS BMD loss >5% (mean −8.8%, ranging from 
−6.3% to −12%) and 19 patients (70.4%) had a BMD loss ≥  
LSC at ≥2 sites (2 subjects at FN + TH, 3 at LS + TH, 9 at LS +  
FN, and 5 at LS + FN + TH).

The comparison between patients who presented a BMD 
worsening (n = 25) or BMD stability (n = 27) at follow-up 
after Dmab discontinuation is reported in Table 3. The pa
tients with BMD worsening after Dmab discontinuation pre
sented a significantly higher BMD gain during Dmab 
therapy at LS and FN even after adjusting for the number of 
Dmab injections. Among patients who experienced a BMD 

worsening at follow-up, the prevalence of subjects with long 
Dmab therapy duration (≥2.5 years) was higher and the 
CTX levels at t0 tended to be higher as compared with patients 
who did not present the BMD worsening. At t1 the mean levels 
of CTX, alkaline phosphatase, and bone-specific alkaline 
phosphatase and the proportion of subjects with CTX 
≥280 ng/L were found to be significantly higher in patients 
with BMD worsening at follow-up as compared with patients 
with BMD stability (Fig. 2).

The logistic regression analysis showed that the BMD wor
sening after Dmab discontinuation was significantly associ
ated with both CTX at t1 and LS BMD gain in Dmab 
corrected for the number of Dmab injections regardless of 
the number of Dmab injections (Table 4).

Duration of Dmab Therapy and BMD Variation After 
Dmab Discontinuation
The LS BMD changes after Dmab discontinuation were 
associated with the number of Dmab injections (R2 = 0.210, 

Figure 1. The BMD changes during Dmab therapy and after discontinuation in all patients and in the group treated with ZOL1 or in patients who 
underwent a second zoledronate dose 6 months later. Percent changes (mean ± SD) during Dmab treatment and after Dmab discontinuation in LS, FN, 
TH. *ΔBMD > LSC. 
Abbreviations: BMD, bone mineral density; Dmab, denosumab; FN, femoral neck; LS, lumbar spine; LSC, least significant change; TH, total hip; ZOL, zoledronate; ZOL1, single 
zoledronate infusion; ZOL2, 2 zoledronate infusions after denosumab.
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P = .001) (Fig. 3). We arbitrarily defined the duration of 
Dmab therapy as “short” if ≤5 injections were administered, 
“medium” if 6 to 13 injections were administered, and 
“long” if more than 14 injections were administered. The 
BMD changes in patients treated with Dmab for short 
(n = 9), medium (n = 29), or long (n = 14) time are reported 
in Fig. 2. We did not find any significant difference between 
the 3 groups in terms of overall BMD changes (between the 
start of Dmab and the end of the follow-up). Nevertheless, 
the percentage BMD variations at all sites after Dmab discon
tinuation were significantly different in the group treated for a T
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Table 3. Clinical, biochemical and radiological parameters at the time 
of Dmab discontinuation (t0) and 6 months later (t1) in patients who 
retained the BMD gained in Dmab or who presented BMD worsening 
after Dmab discontinuation

BMD stable at 
follow-up (25)

BMD worsened at 
follow-up (27)

P

Age (years) 70.9 ± 8.9 70.0 ± 8.1 .725
BMI (kg/m2) 24.0 ± 5.1 24.8 ± 3.8 .539
Sex (male) 3 (12) 0 (0) .166
No. of Dmab 

injections
8 ± 3 9 ± 3 .098

Dmab for ≥2.5 years 18 (72.0) 27 (95.7) .050
Aromatase inhibitors 

therapy
5 (20.0) 4 (14.8) 1.000

Spine Deformity 
Index

2 (4) 2 (5) .652

Previous fractures 17 (68.0) 20 (69.6) 1.000
Previous BPs therapy 10 (40.0) 15 (54.5) .563
TBS t0 1.130 ± 0.071 1.135 ± 0.124 .906
LS T-score t0 −2.4 ± 0.9 −2.4 ± 0.8 .906
FN T-score t0 −2.3 ± 0.8 −2.1 ± 0.7 .365
TH T-score t0 −1.8 ± 0.8 −1.8 ± 0.8 .961
ΔLS in Dmab (%) 11.3 ± 8.0 18.8 ± 7.3 .003
ΔFN in Dmab (%) 2.3 ± 3.5 6.6 ± 5.0 .004
ΔTH in Dmab (%) 5.7 ± 5.5 8.2 ± 5.4 .162
ΔLS in Dmab/no. of 

injections (%)
1.6 ± 0.9 2.2 ± 1.1 .050

ΔFN in Dmab/no. of 
injections (%)

0.3 ± 0.5 0.8 ± 0.7 .034

ΔTH in Dmab/no. of 
injections (%)

0.8 ± 0.9 0.9 ± 0.6 .725

CTX t0 (ng/L) 335 ± 304 602 ± 450 .067
ALP t0 (U/L) 56 (25) 67 (24) .182
bALP t0(µg/L) 8.1 ± 3.8 8.9 ± 3.7 .479
OC t0 (µg/L) 14 ± 5 14 ± 5 .891
CTX t1 (ng/L) 412 ± 253 588 ± 200 .011
CTX t1 > 280 ng/L 16 (62.2) 26 (91.3) .036
ALP t1(U/L) 62 ± 13 74 ± 20 .035
bALP t1(µg/L) 10.8 ± 4.6 14.2 ± 5.2 .034
OC t1 (µg/L) 17.7 ± 5.6 21.4 ± 6.4 .130

Data are expressed as mean ± SD, median and interquartile range, or absolute 
value and percentage in parentheses. 
Abbreviations: ALP, total alkaline phosphatase; bALP, bone-specific alkaline 
phosphatase; BMD, bone mineral density; BMI, body mass index; BPs, 
bisphosphonates; CTX, C-terminal telopeptide of type 1 collagen; Dmab, 
denosumab; FN, femoral neck; LS, lumbar spine; OC, osteocalcin; TBS, 
trabecular bone score; TH, total hip; ZOL, zoledronate.
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short period of time as compared with both medium (0.3 ± 3.8 
vs −4.7 ± 6.3, P = .013; 1.2 ± 1.5 vs −1.7 ± 4.4, 
P = .034; respectively at LS and TH) and long duration 
(0.3 ± 3.8 vs −6.8 ± 4.9, P = .001; 1.2 ± 1.5 vs −3.7 ± 4.2, 
P = .050; 0.7 ± 3.8 −5.1 ± 6.8, P = .002; respectively, at LS, 
TH, and FN).

Relation Between CTX Levels and BMD Variations 
After Dmab
The linear regression analysis showed that LS BMD changes 
after Dmab discontinuation were correlated with CTX levels 
both at t0 (R2 = 0.134, P = .016) and at t1 (R2 0.148, 
P = .009) (Fig. 4).

The receiver operating characteristic analysis showed that 
the CTX levels cut-off with the best compromise between sen
sitivity and specificity in order to discriminate patients with 
stable or worsened BMD was 453 ng/L (sensitivity 78%, spe
cificity 67%) (Fig. 5). Nevertheless, CTX levels t1 > 212 ng/L 
had 100% sensitivity for identifying patients with worsened 
BMD at follow-up and might therefore be the cut-off to aim 
during the follow-up to obtain BMD stability.

Figure 2. The BMD changes overall (since the start of Dmab till the end of the follow-up) and after Dmab discontinuation in patients with different Dmab 
therapy duration. Data are expressed as mean ± SD. *ΔBMD > LSC. 
Abbreviations: BMD, bone mineral density; Dmab, denosumab; FN, femoral neck; Inj, injections; LS, lumbar spine; LSC, least significant change; TH, total hip.

Table 4. Odds ratio for bone mineral density worsening after Dmab 
discontinuation for potential risk factors using multivariate logistic 
regression analysis

Odds ratio 95% CI P

Dmab injections (for 1 increase) 1.3 0.9-1.8 .157
CTX t1 (for 1 quartile) 2.9 1.3-6.6 .009
ΔLS% in Dmab/n° Dmab injections 3.0 1.2-7.2 .014

Abbreviations: CI, confidence interval; CTX, C-telopeptide of type 1 collagen; 
Dmab, denosumab; LS, lumbar spine; ZOL, zoledronate.

Figure 3. Correlation between the LS BMD changes after Dmab 
withdrawal and the number of Dmab injections. 
Abbreviations: BMD, bone mineral density; Dmab, denosumab; LS, lumbar spine.
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Discussion
This retrospective study explored the effects of a second ZOL 
administration in preventing BMD loss and VFX in a sample 
of consecutive patients who discontinued Dmab and had per
sistent elevated CTX at 6 months after the first ZOL infusion. 
In the present study, the majority of patients discontinuing 
Dmab had an indication to a second ZOL infusion at 6 
months after the first 1, according to the ECTS recommenda
tions (12). In spite of a second ZOL dose, these patients expe
rienced a significant BMD loss at LS during the follow-up with 
a 12.8% FX incidence. On the other hand, patients with con
trolled CTX at 6 months after the first ZOL infusion had a 
BMD stability after Dmab withdrawal and, at the end of the 
follow-up, presented a significant BMD gain at all sites as 
compared with the time of Dmab initiation. The BMD 
changes after Dmab withdrawal were negatively correlated 
with the number of Dmab injections and with the CTX levels 
measured both on the day of the first ZOL and 6 months later. 
We found that a CTX >212 ng/L at 6 months after the first 
ZOL injection had 100% sensitivity in predicting the BMD 
loss. Finally, the LS BMD worsening after Dmab withdrawal 
was associated with the CTX levels at 6 months and with the 
degree of LS BMD gain during Dmab therapy regardless of the 
number of Dmab injections.

Although it is well known that Dmab discontinuation is fol
lowed by the loss of the BMD gained and possible FX occur
rence, it is still not completely clear how to prevent this 
circumstance. The DATA-switch study highlighted how a sub
sequent therapy with teriparatide does not offer any advan
tage, whereas romosozumab might further increase the 
BMD (17, 18). Nevertheless, so far, most of the studies have 
focused on the use of a sequential therapy with BPs. In case 
of Dmab therapy duration <2.5 years, a sequential therapy 
with both alendronate and ZOL has been suggested to be 
sufficient to prevent the BMD loss and to reduce the 
occurrence of rebound FX after Dmab discontinuation. 
However, such therapies might not be effective if adminis
tered at the standard doses (ie, the doses approved to treat 
osteoporosis) if Dmab has been administered for longer 
time (5, 13, 19-24). Furthermore, the best timing of ZOL ad
ministration is still unknown, as the only randomized clinical 
trial (ZOLARMAB), which compared 3 different schedules 
(at 6 months, at 9 months, or on the basis of the CTX levels 
above the postmenopausal reference range) found a signifi
cant decrease in the BMD in all groups after 12 months, 
with no differences among the schedules (14, 23, 24).

In keeping with the available data, in 2020 the ECTS re
leased a position statement about the management of Dmab 
discontinuation, where the authors recommended to always 
introduce a sequential therapy with BPs after Dmab, starting 
from 6 months after the last injection (12). Whereas patients 
treated for Dmab for <2.5 years can be either managed with 
oral BPs or intravenous ZOL, those treated for a longer time 
must undergo ZOL and subsequently CTX should be moni
tored 3 and 6 months later (10). The ECTS based the defin
ition of an adequate response on the presence of CTX levels 
<280 ng/L (mean levels found in healthy premenopausal 
women), since previous data from the ReoLaus cohort 
showed that patients who retained BMD 12 months after 
discontinuing Dmab, during follow-up, had CTX close to 
this threshold (336 ng/mL) and suggested that in case of 
finding of higher levels, additional ZOL doses should be given 
(12, 25, 26).

Notwithstanding the ECTS position statement, very scarce 
data are available about the role of the CTX in predicting 
BMD loss and addressing the sequential antiresorptive 
treatment (in particular concerning the CTX cut-offs to be 
adopted for ZOL retreatment), and no data are available 
supporting the possible advantage of repeated ZOL 

Figure 4. Correlation between the LS BMD changes after Dmab withdrawal and the CTX measured the day of the first ZOL (t0) or 6 months later (t1). 
Abbreviations: BMD, bone mineral density; CTX, C-telopeptide of type 1 collagen; Dmab, denosumab; LS, lumbar spine; ZOL, zoledronate.

Figure 5. The ROC curve analysis of CTX 6 months after the first ZOL 
in discriminating patients with worsened bone mass density at 
follow-up after Dmab discontinuation. 
Abbreviations: CTX, C-telopeptide of type 1 collagen; Dmab, denosumab; ROC, 
receiver operating characteristic; ZOL, zoledronate.
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administrations in patients with not-controlled CTX levels. In 
the ZOLARMAB study, the authors established administra
tion of an additional ZOL in case of CTX ≥1.26 ng/L (moni
tored every 6 months), but the cut-off used for CTX was very 
high and no patient fulfilled such criteria for retreatment (14). 
In a subsequent study (ProOff study), ZOL was administered 
6 months after the last Dmab injection in all patients. The in
dividuals treated with Dmab for longer than 2.5 years were 
subsequently monitored with CTX measurement every 3 
months, and a second dose was given 6 months apart if 
CTX levels increased >2 fold during the follow-up (9). 
Twenty-four patients (31.6%) had to repeat ZOL after 6 
months, but the BMD decreased at all sites with no differences 
between the group treated with double or single ZOL (9).

In this study, we report for the first time in a sample of con
secutive patients who discontinued Dmab the effect of the sys
tematic application of the ECTS suggestion to give a second 
ZOL in those with CTX ≥ 280 ng/L after the first ZOL infu
sion (12). All patients were treated with ZOL within 1 month 
of Dmab washout, and CTX levels were measured 6 months 
later, with ZOL being repeated in subjects with high levels. 
We pointed out that the majority of patients (75%) had an in
dication to repeat ZOL. No difference was found in terms of 
Dmab therapy duration between patients with or without in
dication to a second ZOL dose, suggesting that also patients 
with short Dmab therapy should be monitored to assess the 
need of a second ZOL dose. As a consequence, in case of un
availability of CTX, after 6 months a second ZOL might be 
considered as a preventive therapy, regardless of Dmab ther
apy duration.

From a clinical point of view, a further important finding of 
the present study is that patients who experienced a significant 
BMD loss during the follow-up (about 50%) where those with 
a more significant BMD improvement during Dmab therapy 
and that almost all these patients had the indication to a se
cond ZOL infusion. Of note, the CTX levels measured on 
the day of the first ZOL and 6 months later were predictive 
of the LS BMD variation after Dmab discontinuation, as al
ready described in earlier studies (14, 24). These findings 
shed light on the possibility of a precocious identification of 
patients who are at higher risk of BMD worsening after 
Dmab withdrawal. On the other hand, if controlled CTX lev
els are found after the first ZOL administration, physicians 
could be reassured about the possibility of retaining the 
BMD gained. In our study, the group of patients with BMD 
stable at follow-up had mean CTX levels at 6 months similar 
to those described in the ReoLaus study (412 vs 336 ng/L) 
(25). However, the best cut-off of CTX levels at 6 months 
for reliably identifying subjects with possible BMD loss after 
Dmab was as low as 212 ng/L, which is lower than the average 
levels observed in healthy women before menopause.

Although on the basis of the present data, patients with a 
short Dmab therapy should also be monitored to assess the 
need of a second ZOL dose, we found that the LS BMD varia
tions after Dmab discontinuation were negatively correlated 
to the number of Dmab injections as highlighted even by pre
vious studies (14, 24). In particular, in our study, subjects 
treated with Dmab for a short time (≤2.5 years) maintained 
the BMD at the follow-up, whereas subjects treated for a lon
ger time tended to worsen with no difference between medium 
(3-6.5 years) and long (≥7 years) Dmab therapy duration, as 
also shown by another study by Everts-Graber and coauthors 
(9). Furthermore, although the overall BMD variations 

between Dmab initiation and the end of the follow-up after 
Dmab withdrawal were comparable in the 3 groups, all the in
cident FX occurred in patients belonging to the medium Dmab 
duration therapy. This finding, though to be confirmed in lar
ger series, could be of interest from a clinical point of view. 
Indeed, in a recent review, a treat-to-target approach with 
Dmab was proposed, since in the FREEDOM trial the post 
hoc analyses showed a decreasing risk of rebound FX in pa
tients with high TH T-score values up to −1.5 at the time of 
therapy discontinuation (27, 28). On the other hand, a 
treat-to-target approach could expose patients with very low 
BMD to many years of therapy, therefore potentially increas
ing the risk of rebound FX, since the multiple VFX incidence is 
known to be higher in patients treated for >3 years (7). 
Furthermore, such an approach does not take into account 
the bone microarchitecture, which improves during Dmab, 
as shown in the FREEDOM study through the trabecular 
bone score evaluation, but less impressively than BMD, and, 
as a result, it may be still deteriorated at the time of Dmab dis
continuation (29). In general, we are aware that a 
treat-to-target approach with Dmab could be advised in pa
tients at high risk of FX and Dmab should not be stopped at 
a lower BMD, in order to avoid more years of Dmab treatment 
and the subsequent risk of FXs upon discontinuation. 
However, our data suggest the need of further studies evaluat
ing how to personalize the Dmab therapy duration on the ba
sis of the individual FX risk. Indeed, the present study suggests 
that the same result in terms of net BMD gain at follow-up 
after Dmab discontinuation could be achieved more quickly 
and more safely with a brief course of Dmab. This is in line 
with a previous retrospective study by Everts-Graber and co
authors who found that a single Dmab injection followed by 
ZOL administration led to a greater BMD gain as compared 
with 2.5 years of Dmab therapy followed by ZOL administra
tion (7, 30).

Finally, we reported that FX (patients 3, 4, and 5; Table 2) 
occurred in patients who received 2 ZOL infusions given 6 
months apart, which is quite alarming. In the ProOff study, 
Everts-Graber and coauthors reported 9 patients, with 
Dmab therapy lasting more than 5 years, with incident VFX 
(of which 4 were multiple), but they did not specify the timing 
or if they had been treated with single or repeated ZOL (9). In 
our cohort, the only case of multiple VFX occurred in a wom
an before the first ZOL infusion was given, about 15 days later 
than the supposed date of Dmab administration. As these FX 
occurred very early after Dmab discontinuation, and we know 
that some patients may fracture even during Dmab or in case 
of delayed administration, we cannot be sure that such VFX 
was due to rebound rather than suboptimal response to 
Dmab or that a more precocious ZOL administration would 
have prevented that VFX (31). In the ZOLARMAB study, 2 
patients had incident fragility VFX, both occurring in the first 
3 months of Dmab washout, before ZOL was given. In spite of 
a not-demonstrated superiority in preserving BMD, this fact 
strengthens the ECTS suggestion to give ZOL 6 months after 
the last Dmab injection and not later (12).

Our study has some limitations. First, the retrospective de
sign could have introduced some unknown bias. Second, the 
lack of a “control” group treated with a single infusion of 
ZOL prevented us from a direct comparison of the possible 
advantage of a repeated administration schedule addressed 
by CTX levels. Furthermore, we tried to administer the first 
ZOL 6 months after the last Dmab injection, but it was not 
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always possible due to the real-life organization; we did our 
best not to delay the infusion beyond 1 month. Lastly, we 
did not monitor CTX levels 3 months after the first ZOL infu
sion as recommended by the ECTS panel, and this approach 
could have delayed the second ZOL administration in some 
patients, preventing those subjects from the possible benefit 
of an early repeated treatment. Despite its limitations, our 
study also has strengths in that we report for the first time 
the outcome of the systematic application of the cut-off sug
gested by the ECTS for ZOL retreatment in patients discon
tinuing Dmab. In particular, our study highlights that up to 
75% of patients discontinuing Dmab require repeated ZOL 
administration, and, still, it may not be sufficient in fully pre
vent rebound FX, which occurred in 9.6% of our patients, and 
BMD loss, which (on average) was significant in the group 
with not-suppressed CTX. Indeed, according to our data, 
the safety CTX levels to aim for might be lower than the cut- 
off indicated in the ECTS recommendations.

Besides the importance of maintaining bone turnover con
trol, it seems crucial to guarantee BMD stability after Dmab 
withdrawal. However, the best strategy to achieve this result 
is still unknown, although it is clear that the use of BPs at 
standard doses for the treatment of osteoporosis is not enough 
in the majority of cases, and, as our study shows, even the ad
ministration of a second ZOL 6 months apart cannot guaran
tee the BMD maintenance in patients with persistently high 
CTX levels. It seems reasonable, therefore, to precisely admin
ister the first ZOL 6 months after the last Dmab injection and 
to intensively start monitoring CTX levels immediately after 
in order to consider further ZOL administrations even earlier 
than 6 months.
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