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Abstract
Purpose To compare the response to denosumab (DMAb) therapy with that of oral bisphosphonate (BISPH) treatment in 
postmenopausal women with primary osteoporosis (PO).
Methods In this retrospective study, we compared data of 75 PO female patients treated for 24 months with DMab (DMAb 
Group, age 72.6 ± 8.9 years) with those of 75 PO patients treated with oral bisphosphonates (BISPH Group), matched for 
age, body mass index, femoral bone mineral density (BMD), prevalent fragility fractures and familiar history of hip fracture. 
In all subjects at baseline and after 24 months we assessed the calcium–phosphorous metabolism parameters, BMD at lumbar 
spine (LS-BMD) and femoral neck (FN-BMD) by dual X-ray absorptiometry and the morphometric vertebral fractures by 
radiograph. The patients were considered inadequate responders in the presence of ≥ 2 incident fragility fractures and/or a 
decrease in BMD greater than the least significant change (LS 2.8%, FN 5.9%).
Results After 24 months, the DMab Group showed a greater ALP decrease (− 22.8 ± 18.2%), a higher LS-BMD and FN-
BMD increase (6.6 ± 6.9 and 4.4 ± 8.2%, respectively) and a lower number of patients with an incident fracture (8%) and 
with an inadequate response (6.7%) than BISPH Group (− 14.9 ± 15.3, 2.5 ± 4.3, 1.9 ± 4.5, 21.3 and 22.7%, respectively, 
p < 0.05 for all comparisons). The inadequate response was 4.5-fold more likely in BISPH Group than in DMab one 
(p = 0.027), regardless of possible confounders.
Conclusions In postmenopausal PO females, denosumab was more effective than oral bisphosphonates in increasing BMD 
and reducing bone turnover and the number of inadequate responder patients.
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Introduction

The ultimate goal of any treatment for osteoporosis is to 
reduce the risk of fracture. Nowadays, bisphosphonates and 
denosumab (DMab) have obtained the regulatory approval 
since randomized controlled trials (RCTs) have demon-
strated their significant anti-fracture effect [1]. In postmeno-
pausal women with osteoporosis, the oral bisphosphonates 
alendronate and risedronate have been demonstrated to 
reduce vertebral and non-vertebral fractures of about 50 

and 20%, respectively [2, 3], and DMab has been shown to 
reduce new vertebral fractures by 68%, hip fractures by 40%, 
and non-vertebral fractures by 20% [4]. However, since the 
fracture risk reduction has been evaluated primarily in pla-
cebo-controlled trials, its entity has been largely influenced 
by the risk profile of the control individuals. On the other 
hand, head-to-head comparison studies among the various 
bisphosphonates or between bisphosphonates and DMab 
are scarce [5]. Overall, some data suggest that the DMab 
efficacy in reducing fractures is not significantly different 
from that of bisphosphonates, even though DMab is more 
effective in increasing bone mineral density (BMD) [6–9]. 
However, since most information regarding a possible dif-
ferent efficacy of Dmab as compared with bisphosphonates 
is obtained from meta-analysis studies or from short-term 
ones (i.e. less than 24 months), some authors suggest that in 
a clinical setting DMab may demonstrate greater effective-
ness than bisphosphonates [6].
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Another important lack of knowledge is about the efficacy 
of DMab in a “real-life” setting. Indeed, the enrolment crite-
ria used in RCTs are very different from the reimbursement 
criteria used for treating patients in the daily clinical practice 
and this may influence the final efficacy of a bone-active 
drug that could be lower than expected on the basis of the 
placebo-controlled randomized clinical trials [10].

On the basis of these considerations, the present study 
was aimed to compare the overall response to a 24-month 
DMAb therapy with that to a 24-month oral bisphosphonate 
treatment in female patients with primary osteoporosis (PO).

Patients and methods

Patients

In this observational retrospective study, we evaluated 
data of all (n = 177) female Caucasian patients with PO 
referred to our out-patient Clinic for Metabolic Bone Dis-
eases since June 2013 to June 2017, who had been treated 
with DMab (60 mg subcutaneously every 6 months) for at 
least 24 months. The PO was diagnosed after the possible 
causes of secondary osteoporosis had been excluded by the 
appropriate analyses, as per our protocols that have been 
described elsewhere [11]. The PO patients were included in 
the study if they fulfilled the following criteria: (i) a BMD 
T score below − 4.0 and/or prevalent vertebral and/or hip 
fragility fractures, or a BMD T score below − 3.0 together 
with a familiar history of vertebral or hip fragility fracture 
(as recommended by the Italian National Health Service); 
(ii) absence of other diseases or conditions known to affect 
bone metabolism (i.e. menopause before 45 years, thyro-
toxicosis, gastrointestinal disorders, chronic renal failure, 
chronic hepatic disease, depression, alcoholism, obesity, eat-
ing disorders, rheumatological or haematological diseases, 
hypercortisolism, diabetes). We excluded all subjects report-
ing: (i) intake of drugs influencing bone metabolism (i.e. 
alendronate, risedronate, ibandronate, cinacalcet, glucocor-
ticoids, teriparatide, thiazide diuretics, hormonal adjuvant 
therapy, selective serotonin reuptake inhibitors) in the past 
2 years and/or for more than 5 years and/or present or past 
therapy with neridronate or zoledronate; (ii) less than 100% 
adherence to DMab therapy.

Eventually, 75 patients with PO treated with DMab 
(DMab Group, age 72.6 ± 8.9 years) fulfilled the inclu-
sion and exclusion criteria and were enrolled in the study. 
In DMab Group, 42 patients have never received any anti-
osteoporotic therapy. In these latter subjects the DMab ther-
apy was given because patients refused a bisphosphonate 
therapy for fear of upper gastrointestinal adverse effects.

We also retrospectively evaluated data of all (n = 223) 
female Caucasian patients, referred to our out-patient Clinic 

for Metabolic Bone Diseases since June 2013 to June 2017 
for PO, who had been treated for at least 24 months with oral 
bisphosphonates (risedronate 35 mg/weekly or alendronate 
70 mg/weekly), if they fulfilled the same inclusion and 
exclusion criteria used for PO patients treated with DMab 
(for bisphosphonates a > 80% adherence to bisphosphonate 
therapy was requested for study inclusion). Subsequently, 
among the 134 patients treated with bisphosphonates, who 
were eligible for study inclusion, we chose 75 subjects 
(BISPH Group, 12 patients treated with alendronate and 
63 patients treated with risedronate) matched at 1:1 ratio 
with patients of the DMab Group considering the follow-
ing variables: age, body mass index (BMI), familiar history 
of hip fracture, femoral neck BMD and personal history of 
vertebral and/or hip fragility fractures. In BISPH Group 56 
patients have never been previously treated with bone-active 
drugs.

As per our protocols, to normalize vitamin D (25OHVitD) 
levels, all patients with 25OHVitD concentration below 
30 ng/mL received cholecalciferol supplementation. An oral 
bolus of cholecalciferol was administered in patients on the 
basis of baseline 25OHVitD levels: in patients with baseline 
25OHVitD levels between 10 and 30 ng/mL a single oral 
bolus of 100,000 IU cholecalciferol was administered, while 
in patients with baseline 25OHVitD levels below 10 ng/mL 
a single oral bolus of 300,000 IU cholecalciferol was admin-
istered. Subsequently, in all patients a cholecalciferol sup-
plementation of 50,000 IU monthly plus 400 IU daily was 
given [12]. In patients with a calcium intake < 1000 mg/day 
also an oral calcium citrate supplementation (500 mg/day or 
1000 mg/day in patients with an estimated calcium intake 
above or below 500 mg/day, respectively) was prescribed 
[13, 14]. Subjects were considered current smokers if they 
smoked ≥ 5 cigarettes/day and/or ≥ 10 packs/year [15]. An 
informed consent was obtained from each patient.

Methods

We collected baseline data regarding years since menopause 
and familiar history of vertebral and/or hip fragility fractures 
at baseline and at the end of the follow-up data regarding 
the presence of clinical fragility fractures, weight, height, 
BMI and comorbidities (i.e. hypertension and dyslipidemia).

In all subjects, the following data were reported at the 
beginning and at the end of the follow-up: serum calcium, 
creatinine, alkaline phosphatase total activity (ALP), 
25OHVitD. Total calcium was corrected for serum albu-
min according to the formula: (total calcium + (4.4 – albu-
min mg/dl) × 0.8) (reference interval 8.4–10.4 g/dl) [16]. 
Calcium, albumin, and creatinine in serum and urinary 
calcium and creatinine were measured by standard colori-
metric techniques. Serum 25OHVitD concentration was 
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measured by chemiluminescent immunoassay (Diasorin, 
reference interval: 30–100 ng/mL). Serum ALP was meas-
ured by standard colorimetric techniques (Roche Diagnos-
tics, reference interval: 35–140 U/L, CV 12%). The differ-
ence of ALP levels between end of follow-up and baseline 
was expressed as percentage of baseline values. The ALP 
decrease was considered significant if it was greater than 
the least significant change (LSC), calculated by the for-
mula 2.8 × precision error (i.e. − 22%) [17]. Serum intact 
PTH was measured by electrochemiluminescence immu-
noassay (Siemens Immulite 2000/2000 Xpi Systems Intact 
PTH, reference interval = 12–65 pg/mL) in 59 and 68 sub-
jects from DMab Group and BISPH Group, respectively.

In all patients, at the beginning and at the end of the 
24-month follow-up, BMD was measured by dual X-ray 
absorptiometry (Hologic Discovery, Software version 
13.3:3, Bedford MA, USA), and expressed as Z score, at 
lumbar (L1–L4) spine (LS, Z-LS, in vivo precision 1.0%) 
and femoral neck (FN, Z-FN, in vivo precision 1.8%). The 
BMD change between end of follow-up (Δ) and baseline 
at LS and FN was expressed as percentage of baseline 
values (as g/cm2, ΔLS and ΔFN, respectively) and it was 
considered significant if above the LSC (LS 2.8%, FN 
5.9%). At the same intervals, a conventional spinal radio-
graph in lateral and anteroposterior projection (T4–L4) 
was obtained in all subjects with standardized technique. 
Two trained physicians, who were blinded to BMD and 
biochemical data, independently reviewed the radiographs, 
and they discussed questionable cases to agree on a diag-
nosis. Vertebral fractures were diagnosed on visual inspec-
tion using the semiquantitative visual assessment (SQ) 
previously described by Genant and colleagues [18] and 
fractures assessed on lateral thoracolumbar spine radio-
graphs were defined in the presence of a > 20% reduction 
in anterior, middle, or posterior vertebral height: 13 ver-
tebrae (from T4 to L4) were evaluated visually and clas-
sified as intact (SQ grade 0) or as having mild (20 to 25% 
compression), moderate (25–40% compression), or severe 
(> 40% compression) deformity (SQ grades 1, 2, and 3, 
respectively). Subsequently, for each subject, the spinal 
deformity index (SDI) was calculated by summing the SQ 
grade for each vertebra (SDI = SQT4 + ⋯ + SQT12 + SQ
L1 + ⋯ +SQL4) [19]. According to the working group of 
the International Osteoporosis Foundation (IOF), patients 
were classified as inadequate responders in the presence of 
two or more incident fragility fractures and/or a decrease 
in BMD greater than the LSC [20]. A good response to 
the DMab or BISPH therapy was arbitrarily defined in the 
presence of an increase in BMD at any site greater than 
the LSC in the absence of both a decrease in BMD greater 
than LSC at any site and an incident fragility fracture.

Statistical analysis

Hypothesizing a difference in mean LS BMD variation of 
2.0% between patients treated with DMab and those treated 
with bisphosphonates (with a 4.5% standard deviation), we 
needed to recruit 69 experimental subjects and 69 control 
subjects (90% power and I Type Error 5%) to obtain an ade-
quate power of the study.

Statistical analysis was performed by SPSS version 21.0 
statistical package (SPSS Inc, Chicago, IL). The results are 
expressed as mean ± SD, unless differently specified. Cat-
egorical variables were compared by χ2 test or Fisher’s exact 
test, as appropriate. Comparison of continuous variables 
among the different groups was performed using Student’s t 
test or Mann–Whitney U test, as appropriate.

Bivariate associations were tested by either Pearson 
product moment correlation or Spearman correlation, as 
appropriate.

In the whole group of subjects, the logistic regression 
analysis assessed the association between the presence of an 
inadequate or a good response to the therapies and the use 
of DMab or oral bisphosphonates, after adjusting for other 
possible confounding factors, such as age, BMI, familial 
history of hip fractures, basal Z-LS and SDI, previous use 
of bisphosphonates, occurrence of falls, and smoking habit.

p values of less than 0.05 were considered significant.

Results

The comparison of the biochemical and clinical character-
istics between DMAb Group and BISPH Group at baseline 
and at the end of the follow-up is reported in Table 1.

At baseline DMab patients and BISPH patients were 
comparable as far as age, BMI, years since menopause, 
familiar history of fragility fracture, prevalence of current 
smokers, hypertension and dyslipidemia, SDI, serum cal-
cium, PTH, ALP and 25OHVitD levels, the percentage of 
subjects with vitamin D deficiency, with 25OHVitD lev-
els below 10 ng/mL or between 10 and 30 ng/mL and LS 
and FN-BMD (expressed as both T score and Z score) was 
concerned. At variance, the prevalence of subjects who had 
previously assumed an oral bisphosphonate therapy (lasted 
for less than 5 years and ended at least 2 years before the 
baseline as per exclusion criteria) was higher in DMab 
patients than in BISPH ones (44 and 25.3%, respectively, 
p = 0.04). The mean duration of previous bisphosphonate 
therapy and the prevalence of inadequate responders to 
bisphosphonate therapy was not different between DMab 
patients (45.2 ± 18.6 months and 35.8%) and BISPH ones 
(50.3 ± 11.1 months and 42.5%, p = 0.15 and p = 0.528, 
respectively). All subjects had at least a prevalent fragility 
fracture at baseline.
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Table 1  Clinical and biochemical characteristics of patients treated with denosumab or with oral bisphosphonates at baseline and the end of the 
follow-up (24 months)

Data are mean ± SD or absolute number with range or percentage in parentheses, respectively. Inadequate responders: presence of at least one 
of the following criteria: (i) two or more incident fragility fractures and (ii) a decrease in BMD greater than the least significant change (LSC), 
calculated by the formula 2.8 × precision error. Inadequate BMD response: a decrease in BMD at any site greater than the LSC. Good response: 
increase in BMD at any site greater than the LSC (without a decrease in BMD greater than LSC at any site) and the absence of incident fragility 
fractures
DMab denosumab, BISPH oral bisphosphonates (alendronate, n = 12, risedronate n = 63), BMI body mass index, Fx fracture, ALP alkaline 
phosphatase total activity, ALP change difference in ALP levels between end of follow-up and baseline (as percentage of baseline values), BMD 
bone mineral density, Z-LS, T-LS and Z-FN, T-FN BMD measured by dual X-ray energy absorptiometry and expressed as Z score or T score at 

DMab Group (n = 75) BISPH Group (n = 75)

Baseline 24 months Baseline 24 months

Age (years) 72.6 ± 8.9 (50–83) 74.6 ± 8.8 (52–85) 72.1 ± 8.4 (55–86) 74.2 ± 8.3 (57–88)
Years since menopause 24.7 ± 9.8 (5–39) 26.7 ± 9.8 (7–41) 22.3 ± 8.4 (5–36) 24.3 ± 8.4 (7–38)
BMI (Kg/m2) 24.4 ± 3.8 (18.1–35) 24.5 ± 3.9 (18–35) 24.8 ± 3.7 (19.2–35) 25.2 ± 3.7 (19.2–35)
Smokersa 9 (12) 9 (12) 15 (20) 15 (20)
Hypertensive subjects 43 (57.3) 43 (57.3) 32 (42.7) 32 (42.7)
Dyslipidemic subjects 26 (34.7) 26 (34.7) 21 (28) 21 (28)
Familial history of hip fx 27 (36) – 26 (34.7) –
Prevalent fragility fx 75 (100) – 75 (100) –
Spinal Deformity Index 3.7 ± 2.4 (0–9) 3.8 ± 2.5 (0–11) 3.2 ± 1.9 (0–11) 3.8 ± 2.5 (0–12)
Previous bisphosphonate 

 therapyb
33* (44) – 19 (25.3) –

Calcium (mg/dL) 9.5 ± 0.4 (8.4–10.2) 9.4 ± 0.4† (8.1–10.2) 9.5 ± 0.3 (8.8–10.1) 9.3 ± 0.3^ (8.6–9.9)
Parathyroid hormone (pg/

mL)
37.7 ± 7.8 (24.5–60.3) 40.3 ± 8.1 (27.9–65.1) 39.7 ± 8.7 (20.1–55.0) 39.6 ± 8.6 (23.1–55.2)

ALP (U/L) 71.5 ± 19.7 (39.0–125) 53.9 ± 15.5 (31–107) 67.7 ± 18.9 (39–105) 57.0 ± 16.8 (21–97.0)
ALP change (%) – − 22.8 ± 18.2°° (-53.6–

67.7)
– − 14.9 ± 15.3 (− 58.7 to 

40.0)
Patients with significant 

ALP  decreasec
– 39°° (52.0) – 20 (26.7)

25-Hydroxyvitamin D (ng/
mL)

28.5 ± 7.2 (7.9–43.1) 38.6 ± 12.0††† (21.2–81.6) 28.1 ± 10.5 (12.4–50.8) 39.8 ± 13.0^ (20.2–72)

25-Hydroxyvitamin D 
< 10, 10–30, < 20, 
> 30 ng/mL

1/40/8/34 
(1.3/53.3/10.7/45.3)

0/16/3/59† 
(0.0/21.3/4.0/78.7)

0/47/14/28 
(0.0/62.7/18.7/37.3)

0/25/0/50* 
(0.0/33.3/0.0/66.7)

Z-LS (Z score) − 1.05 ± 0.93 (− 2.9 to 
1.2)

− 0.47 ± 1.02°††† (− 2.7 
to 1.7)

− 0.88 ± 0.19 (− 1.32 to 
− 0.27)

− 0.83 ± 0.21 (− 1.3 to 0.0)

T-LS (T score) − 3.22 ± 0.77 (− 5.0 to 
− 1.3)

− 2.70 ± 0.98°††† (− 5.0 
to − 0.1)

− 3.19 ± 0.69 (−4.8 to 
− 1.0)

− 3.01 ± 0.75 (− 4.6 to 
− 0.1)

Z-FN (Z score) − 1.12 ± 0.72 (− 2.6 to 
0.9)

− 0.78 ± 0.76†† (− 2.9 to 
1.1)

− 1.02 ± 0.65 (− 2.4 to 
1.3)

− 0.83 ± 0.65 (− 2.2 to 1.7)

T-FN (t score) − 3.10 ± 0.77 (− 4.6 to 
− 1.2)

− 2.84 ± 0.79† (− 4.6 to 
− 1.1)

− 2.92 ± 0.50 (− 4.3 to 
− 1.5)

− 2.79 ± 0.55 (− 4.4 to 1.5)

ΔLS – 6.6 ± 6.9°°° (− 13.4 to 
38.6)

– 2.5 ± 4.3 (− 11.3 to 12.4)

ΔFN – 4.4 ± 8.2°° (− 10.7 to 
53.4)

– 1.9 ± 4.5 (−8.2 to 12.4)

Fallersd – 4° (5.3) – 11 (14.7)
Patients with incident 

fragility fracture
– 6° (8.0) – 16 (21.3)

Type of incident fracture 
(vertebral/hip)

– 4/2 – 15/1

Inadequate responders – 5°° (6.7) – 17 (22.7)
Inadequate BMD response – 3°° (4.0) – 13 (17.3)
Good response – 56°° (74.7) – 40 (53.3)
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The number of current smokers, hypertensive and dys-
lipidemic patients did not vary between the baseline and 
the end of follow-up in both DMab and BISPH Groups. In 
the DMab Group but not in BISPH Group, BMD at both LS 
and FN increased significantly from baseline to the end of 
follow-up (Fig. 1). In both groups, PTH and SDI did not vary 
significantly, calcium levels decreased and 25OHVitD levels 
increased significantly during the 24-month study period. 
In BISPH Group the number of patients who experienced at 
least one fall was higher than in DMab Group.

At the end of the follow-up the LS BMD (expressed as 
both T score and Z score) was significantly higher in DMab 
Group than in BISPH Group (Fig. 1), while SDI, serum 
calcium, PTH, ALP and 25OHVitD levels, the percent-
age of subjects with vitamin D deficiency, with 25OHVitD 
levels below 10 ng/mL or between 10 and 30 ng/mL and 
Z-FN were comparable between the two groups. As shown 

in Table 1, in both DMAb patients and BISPH ones the 
percentage of patients with vitamin D deficiency and of 
patients with 25OHVitD levels between 10 and 30 ng/mL 
significantly decreased while the percentage of patients with 
25OHVitD levels above 30 ng/mL significantly increased 
between baseline and end of follow-up. At the end of fol-
low-up only three patients in DMab Group and no one in 
BISPH Group showed 25OHVitD levels below 20 ng/mL. 
Importantly, in the DMab Group the mean ΔLS and ΔFN 
were higher and the mean percentage ALP decrease was sig-
nificantly greater as compared with BISPH Group. Further-
more, the mean percentage ALP change was negatively asso-
ciated with the ΔLS and ΔFN (r = − 0.27, p = 0.001 and 
r = − 0.19, p = 0.018, respectively). The number of patients 
with at least an incident fracture (in more than 80% of cases 
at vertebrae) and the prevalence of inadequate responders 
to the therapy were lower in DMab Group than in BISPH 
one. In the DMab Group, four patients had incident ver-
tebral fragility fractures and, specifically, two patients had 
two grade 2 clinical vertebral fractures, one patient had one 
grade 2 and one grade 3 clinical vertebral fractures and one 
patient had two grade 1 morphometric vertebral fractures. In 
the BISPH Group, four patients had 1 morphometric grade 
1 vertebral fracture, three patients had two morphometric 
grade 1 vertebral fractures, two patients had one clinical 
grade 2 vertebral fracture, one patient had two grade 2 clini-
cal vertebral fractures, two patients had one grade 1 and one 
grade 2 clinical vertebral fractures and three patients had one 
grade 1 and two grade 2 clinical vertebral fragility fractures.

The number of patients with a significant ALP decrease 
and the number of good responders to the therapy were 
higher in DMab Group than in BISPH one. In this latter 
group, the percentage change of ALP levels between the 
beginning and the end of the study was not significantly 
different between the 12 patients treated with alendronate 
(ΔALP − 13.9 ± 8.7%) and the 63 patients treated with 
risedronate (ΔALP − 15.1 ± 16.3%, p = 0.806).

The comparison of the biochemical and clinical charac-
teristics between the inadequate responder patients and the 
adequate responder ones in the whole sample of subjects 
is reported in Table 2. The DMab inadequate responders 
(n = 5) and the BISPH inadequate responders (n = 15) were 
not different as far as clinical (1/5, 20% and 4/15, 26.7%, 

spine (L1–L4) and femoral neck, respectively, ΔLS and ΔFN difference in BMD (g/cm2) between end of follow-up and baseline (as percentage of 
baseline values) at spine (L1–L4) and femoral neck, respectively
*p < 0.05 vs BISPH Group at baseline, °p < 0.05, °°p < 0.01 and °°°p < 0.0001 vs BISPH Group at the end of follow-up, ^p < 0.0001 vs 
BISPH Group at baseline, †p < 0.05, ††p < 0.005, and †††p < 0.0001 vs DMab Group at baseline
a Subjects were considered smokers if they smoked ≥ 5 cigarettes/day and/or 10 packs/year
b All previously treated patients assumed alendronate or risedronate until 2 years before the baseline and for no more than 5 years
c The ALP decrease was considered significant if it was greater than the LSC
d Patients experiencing at least one fall during the follow-up

Table 1  (continued)

Fig. 1  Bone mineral density changes before and after 24  months 
of denosumab or oral bisphosphonates therapy in postmenopau-
sal women with primary osteoporosis. Z-LS and Z-FN bone mineral 
density expressed as mean Z score at spine (L1–L4) and femoral 
neck, respectively; DMab denosumab (n = 75 patients); BISPH oral 
bisphosphonates (n  =  75 patients; alendronate n  =  12, risedronate 
n = 63). In the DMab patients but not in BISPH ones the mean Z-LS 
and Z-FN values increased significantly from baseline to the end of 
follow-up (24 months). At the end of the follow-up the Z-LS was sig-
nificantly higher in DMab Group than in BISPH Group
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respectively) and morphometric (2/5, 40% and 6/15, 40%, 
respectively) vertebral fractures are considered. No patient 
had an incident non-vertebral and/or non-femoral fracture 
in both DMAb and BISPH inadequate responder groups. 
In patients with an inadequate response to the therapies 
there was a higher prevalence of smokers than in patients 
with an adequate response to therapies, while all the other 
clinical and biochemical characteristics were comparable 
(Table 2). In particular, among the patients with an inad-
equate response, PTH levels were not significantly differ-
ent between Dmab patients (44.8 ± 5.3 pg/mL, data avail-
able in 4 out of 5 inadequate responders) and BISPH ones 
(42.5 ± 6.9 pg/mL, data available in 14 out of 17 inadequate 
responders, p = 0.556). In the whole group of patients the 
inadequate response to the therapies was 4.5-fold more prob-
able with use of the oral bisphosphonates than with the use 
of DMab regardless of age, BMI, SDI and Z-LS at baseline, 
previous use of bisphosphonates, occurrence of falls, and 
smoking habit (Table 3).

Finally, in the whole group of patients, subjects with 
a good response to the therapies (n  =  96) showed a 

greater ALP decrease (− 22.5 ± 15.8%) than the remain-
ing patients with an adequate or inadequate response to 
therapies (n = 54, − 12.5 ± 18%, p < 0.01), while all the 
other clinical and biochemical characteristics were com-
parable (data not shown). In the whole group of patients 
the good response to the therapies was associated with the 
use of DMab (odds ratio 2.25, 95% confidence interval 
1.04–4.85, p = 0.037) and with the degree of the percent-
age ALP decrease (odds ratio 1.04, 95% confidence inter-
val 1.01–1.06, p = 0.004) regardless of age, BMI, SDI 
and Z-LS at baseline, previous use of bisphosphonates, 
and smoking habit.

No patient included in the DMab Group experienced 
any adverse effect during the study period. Among patients 
included in the BISPH Group, five subjects (6.7%) expe-
rienced modest flu-like symptoms during the first month 
of treatment and six patients (8%) complained with slight 
adverse upper gastrointestinal effects during the initial 
period (4–6 weeks) of therapy. In no cases the treatments 
had to be withdrawn.

Table 2  Clinical and biochemical characteristics of patients with an inadequate response to denosumab or oral bisphosphonates

Data are mean ± SD or absolute number with range or percentage in parentheses, respectively. Inadequate responders: presence of at least one 
of the following criteria: (i) two or more incident fragility fractures and (ii) a decrease in BMD greater than the least significant change (LSC), 
calculated by the formula 2.8 × precision error
BMI body mass index, Fx fracture, ALP alkaline phosphatase total activity, BMD bone mineral density, Z-LS and Z-FN BMD measured by dual 
X-ray energy absorptiometry and expressed as Z score at spine (L1–L4) and femoral neck, respectively
a Subjects were considered smokers if they smoked ≥ 5 cigarettes/day and/or 10 packs/year
b All previously treated patients assumed alendronate or risedronate until 2 years before the baseline and for no more than 5 years
c Patients experiencing at least one fall during the follow-up
c Parathyroid hormone levels were available in 18 subjects among inadequate responders and in 109 subjects among adequate responders

Inadequate responders (n = 22) Adequate responders (n = 128) p

Age (years) 71.5 ± 7.2 (56–83) 72.4 ± 8.7 (55–86) 0.556
Years since menopause 21.5 ± 7.2 (6–33) 22.5 ± 8.7 (5–36) 0.940
BMI (kg/m2) 23.3 ± 2.7 (19.4–27.3) 25.2 ± 3.9 (19.2–35) 0.262
Smokersa 7 (31.8) 17 (13.3) 0.028
Hypertensive subjects 13 (59.1) 32 (25.0) 0.332
Dyslipidemic subjects 9 (40.9) 21 (28) 0.122
Familial history of hip fx 7 (31.8) 46 (35.9) 0.709
Spinal deformity index 3.4 ± 1.9 (0–7) 3.2 ± 1.9 (0–11) 0.976
Previous bisphosphonate  therapyb 8 (36.4) 44 (34.4) 0.856
Calcium (mg/dL) 9.6 ± 0.3 (9.2–10.0) 9.5 ± 0.3 (8.8–10.1) 0.154
Parathyroid  hormonec (pg/mL) 43.0 ± 6.5 (30.0–55.0) 39.4 ± 8.6 (23.0–65.0) 0.094
ALP (U/L) 68.6 ± 15.5 (39–95) 67.4 ± 19.9 (39–105) 0.484
25-Hydroxyvitamin D (ng/mL) 29.2 ± 10.2 (16.1–49.4) 27.7 ± 10.7 (12.4–50.8) 0.974
Z-LS (Z score) − 0.89 ± 0.20 (− 1.2 to − 0.4) − 0.87 ± 0.19 (− 1.32 to − 0.27) 0.668
Z-FN (Z score) − 1.12 ± 0.63 (− 2.4 to 0.1) − 0.99 ± 0.66 (− 2.1 to 1.3) 0.726
Fallersc 4 (18.2) 24 (18.8) 0.95
Patients with incident fragility fracture 14 (63.6) 8 (6.3) < 0.0001
Inadequate response for: BMD/incident frac-

tures/both
8/6/8 (36.4/27.2/36.4) – < 0.0001
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Discussion

To the best of our knowledge this is the first 24-month study 
comparing the effect of DMab therapy with that of oral bis-
phosphonates in a “real-life” setting in postmenopausal 
women with PO. The present data suggest that in female 
PO patients DMab increases BMD and reduces the risk of 
fracture and of inadequate responses more than oral bisphos-
phonates, independently of the baseline fracture risk profile.

These findings may be considered somewhat expected 
since some data derived from meta-analysis studies sug-
gested a possible stronger effect of DMab in respect of 
alendronate or risedronate in reducing the vertebral but not 
the hip fracture risk in postmenopausal women with PO 
[5–9, 21]. However, the few available head-to-head studies 
were short-term ones (i.e. 12 months) and focused only 
on bone turnover and BMD, while a stronger anti-fracture 
effect of DMab in respect of oral bisphosphonates has been 
suggested mainly by meta-analyses of placebo-controlled 
RCTs rather than by head-to-head comparison studies. In 
fact, in a 12-month randomized controlled head-to-head 
trial on 1703 postmenopausal women, transitioning to 
DMab was more effective in increasing BMD and reducing 
bone turnover than cycling to a monthly oral BISPH treat-
ment (ibandronate or risedronate) in subjects with persis-
tent high fracture risk despite suboptimal BISPH treatment 
[7]. In keeping, a subsequent 12-month randomized con-
trolled head-to-head trial in 870 postmenopausal women, 

who were sub-optimally adherent to alendronate therapy, 
transitioning to DMab was more effective than risedronate 
in increasing BMD and reducing bone turnover [8]. In both 
studies, however, the fracture risk was not evaluated. Over-
all, the results of our head-to-head study are in keeping 
with the previous ones and suggest for the first time that 
the stronger effect of DMab on BMD and bone turnover, 
as compared with oral bisphosphonates, is associated also 
with a significantly greater reduction of fragility fractures.

Interestingly, in the present study, the incidence of fra-
gility fractures and the increase of LS-BMD were similar 
to those of the FREEDOM study (8 vs 8.8% and 6.6 vs 
6.4%, respectively) [4], even though the inclusion criteria 
of the FREEDOM study were different from the present 
ones, which are mandatory in Italy for the anti-osteoporo-
tic drugs reimbursement. Thus, the present study also sug-
gests that the DMab efficacy demonstrated in the FREE-
DOM trial is present also in a “real-life” setting. On the 
other hand, notwithstanding the strong efficacy of DMab 
in postmenopausal women with PO, about 7% of subjects 
treated with DMab and about 23% of patients treated with 
oral bisphosphonates may be inadequate responders on 
the basis of the IOF definition [20]. To the best of our 
knowledge, no data were available so far regarding the 
prevalence of inadequate responders in osteoporotic post-
menopausal women treated with DMab, while in post-
menopausal patients treated with bisphosphonates the 
prevalence of inadequate responders has been described 
to be up to 42.5%. The reduced prevalence of inadequate 
responders in patients treated with oral bisphosphonates in 
the present study (about 23%) is in keeping with previous 
data of our Group [10] and may be ascribed to the careful 
exclusion of patients with secondary osteoporosis, to the 
adequate vitamin D supplementation and to the optimal 
adherence to the therapy, this latter being probably more 
easily reachable with DMab than with bisphosphonates 
[22, 23].

On the other hand, we found that the 74.7 and 53.3% of 
patients treated with DMab and oral bisphosphonates were 
good responders. In addition, the percentage BMD increase 
was associated with the entity of the bone turnover reduction 
as mirrored by the percentage decrease of ALP levels. This 
is in keeping with the well-known idea that the reduction of 
bone turnover is among the main mechanisms responsible 
for the BMD increase with anti-resorptives [24–28]. How-
ever, as a bone turnover marker ALP reflects bone apposition 
more than bone resorption and more specific markers (such 
as the C-terminal telopeptide of type I collagen, CTX) for 
investigating bone resorption are available. Therefore, even 
though the reduction of ALP levels in DMab-treated group 
may indicate the important effect of this drug on bone, the 
possibility of predicting the DMab effect on BMD by meas-
uring ALP levels is still to be demonstrated.

Table 3  Factors independently associated with an inadequate 
response to denosumab or to oral bisphosphonates in the whole group 
of subjects assessed by logistic regression analysis

Inadequate responders: presence of at least one of the following cri-
teria: (i) two or more incident fragility fractures and (ii) a decrease in 
BMD greater than the least significant change
BMI body mass index, OR odds ratio, 95% CI 95% confidence 
interval, Z-LS bone mineral density measured by dual X-ray energy 
absorptiometry and expressed as Z score at spine (L1–L4)
a All previously treated patients assumed alendronate or risedronate 
until 2 years before the baseline and for no more than 5 years
b Patients experiencing at least one fall during the follow-up
c Subjects were considered smokers if they smoked ≥ 5 cigarettes/day 
and/or 10 packs/year

OR 95% p

Age (1 year increase) 1.02 0.96– 1.09 0.496
BMI (1 kg/m2 decrease) 1.09 0.94–1.25 0.257
SDI at baseline (1 unit decrease) 1.06 0.83–1.34 0.647
Z-LS at baseline (1 unit increase) 1.06 0.36– 3.08 0.920
Previous bisphosphonate therapy (yes)a 1.50 0.53–4.21 0.446
Occurrence of falls (no)b 1.00 0.27–3.73 0.996
Smoking habit (yes)c 2.76 0.91–8.4 0.073
Oral bisphosphonates therapy (yes) 4.49 1.45–13.9 0.009
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The present study has other limitations. First, its retro-
spective and not randomized design may have introduced 
unknown biases and it may be inadequate to evaluate the 
efficacy of both compared treatment groups. However, the 
precise matching between DMab patients and BISPH ones 
consented us to evenly reduce the risk of biases related to 
the individual fracture risk profile at baseline. Second, the 
small sample size did not consent to individuate the factors 
predictive of an inadequate response to DMab or to oral 
bisphosphonates. Third, we did not measure more sensitive 
bone apposition markers and/or bone resorption indexes, 
which could have been more informative [17]. Furthermore, 
the ALP levels were assessed only after 24 months therapy 
and concomitantly with BMD evaluation, being, thus, not 
usable as early predictors of the treatment efficacy [17, 29].

Notwithstanding these limitations, the present study sug-
gests that in postmenopausal women with PO, DMab is more 
effective than oral bisphosphonates in increasing BMD and 
reducing bone turnover and incident fractures, therefore, 
leading to a reduced number of inadequate responses.
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