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Online resource 1. Major clinical trials on the efficacy and safety of antiosteoporotic drugs in patients with prostate cancer and breast cancer.
	Study (Duration)
	Population
	Exclusion criteria
	Randomization
	Efficacy outcomes: BMD
	Fractures
	Safety outcomes

	Smith et al., 2001 [1]
(1 y.)
	Men with advanced or recurrent PC and no bone metastases
	Men with Paget's or Cushing's disease, hyperthyroidism, hyperprolactinemia, chronic liver disease, or chronic renal insufficiency, prior therapy with ADT, GC, calcitonin or bisphosphonates
	42 men were randomly assigned 1:1 to leuprolide (L) or leuprolide plus pamidronate disodium (L+P). All patients received bicalutamide, calcium carbonate and vitamin D
	L arm: Significant decrease in mean BMD in LS (3.3%), trochanter (2.1%), and TH (1.8%). No changes in FN BMD. Significant loss of trabecular BMD (-8.5%). L+P arm: No significant changes 
	
	AE related to treatment with GnRH agonist (anemia, fatigue, vasomotor flushing) reported in both groups. Serious AEs were reported in 14% and 24% of L and L+P arms, respectively

	Smith et al., 2003 [2]
(1 y.)
	Men with PC beginning ADT (GnRH-agonist w/wo antiandrogen) 
	Men on calcitonin, bisphosphonates or organ dysfunction or LS BMD T-score -3 
	156 subjects randomized 1:1 to receive either ZOL (IV, 4 mg) or placebo every 3 months for 1 y. All subjects were instructed to take calcium/vitamin D supplements
	Significant changes in LS BMD: 5.6% increase in ZOL group vs 2.2% decrease in placebo group. Significant mean percent change between groups was 7.8%
	
	Hot flushes and fatigue in both groups. No significant differences in serious or severe AEs between groups. ZOL did not reduce the ADT efficacy or induce renal dysfunction

	Ryan et al., 2006 [3]
(1 y.)
	Men with non-metastatic PC receiving ADT (GnRH-agonists)

	Patients who received previous bisphosphonate therapy, with life expectancy < 1 y., or with FN, TH or LS T-score < -2.5
	120 patients randomized 1:1 to receive ZOL (IV) or placebo (P). All patients received calcium/vitamin D supplements
	Relative increase in FN, TH and LS BMD was 3.6%, 3.8% and 6.7%, respectively, in ZOL group. Mean BALP and NTX levels decreased. FN, TH and LS BMD decreased in P (≥ 2%). Increased mean BALP and NTX levels
	
	Incidence of serious and adverse AEs did not differ between groups.  No renal failure or ONJ were reported in ZOL arm


	Israeli et al., 2007 [4]
(52 weeks)
	Patients with non- metastatic PC within 1 y. of starting ADT for an intended duration ≥1 y or who had undergone orchiectomy. All patients were required to have a T-score ≥ –2 in the LS (L2-L4) and TH and life expectancy of ≥1 y
	Patients were excluded if they had abnormal renal function or known hypersensitivity to any bisphosphonate, had received previous treatment for osteoporosis within 12 months, or anabolic steroids or growth hormones within 6 months
	222 patients randomized 1:1 to receive ZOL (IV) or placebo (P). All patients were instructed to take daily calcium/vitamin D supplements
	At 52 weeks, BMD increased in the LS (4.7%) and TH (1.6%) in the ZOL arm vs. P. BMD decreased in LS (-2%) and TH (-2.1%). Differences in LS and TH BMD were 6.7% and 3.7%, respectively. ZOL-treated patients with low baseline T-scores had greater LS BMD increases vs. patients with normal baseline T-scores
	Trauma related fractures occurred in the ZOL arm (2 patients) and P arm (3 patients)

	Incidence and type of AEs were similar between groups. Most common AEs included flu-like illness, fatigue and pyrexia. No ONJ was reported in either group

	Greenspan et al., 2008 [5]
(2 y.)
	Men with non-metastatic PC receiving ADT
	Men were excluded if they were receiving medication or had diseases known to affect bone metabolism, had a testosterone not in castrate range, or were previously or currently on a bisphosphonate
	112 patients randomized 1:1 to receive alendronate (A) or placebo (P) during 1st y. In the 2nd y., A-arm was re-randomized to alendronate (A-A) or placebo (A-P). P-arm was reassigned to alendronate (P-A). All patients received calcium/vitamin D
	A-A group had the most significant increases in BMD at LS (6.7%), TH (1.6%) and FN (3.2%). Mean BMD increased in   A-P and P-A groups at LS (3.3% and 2.4%). At the one-third distal radius, BMD decreased in all groups except for men who received A for 2 y. At 2 y., BTMs were below baseline
	No differences in fracture incidence between groups
	No differences in incidence of AEs associated with A, except for myalgia and arthralgia (mostly reported in the groups assigned to A)

	Smith et al., 2009 [6]
(3 y.)
	Men with non-metastatic PT receiving ADT, with low LS, TH, or FN BMD (T-score at  −1.0) at baseline or history of osteoporotic fractures
	Concurrently receiving antineoplastic therapy or RT, current/previous exposure to oral bisphosphonates. Patients with a LS, FN or TH BMD T-score  −4.0 or currently receiving treatment for osteoporosis
	1468 patients randomly assigned 1:1 to receive denosumab (SC) or placebo. All patients were instructed to take daily supplements of calcium/vitamin D
	LS BMD increased vs placebo at 2 y. (5.6% vs −1.0%). Denosumab was associated with significant increase in BMD at TH, FN, distal radius and all skeletal sites. At 3 y., PINP and TRAP5b decreased
	Denosumab was associated with significant decrease in the incidence of new vertebral fractures
	AE rates were similar in both groups. One patient receiving denosumab had hypocalcemia (0.1%)

	Choo et al., 2013 [7]
(2 y.)
	Patients with non-metastatic PC on ADT (GnRH agonists), RT and 
LS T score > -2.5
	Nodal or distant metastasis; concurrent/previous cytotoxic medications, pelvic RT contraindicated, ADT-intended duration <20 or >40 months, ADT history for >4 months or >1 month of chronic steroid use
	104 patients randomized to either risedronate (R) or placebo (P)
	At 1 and 2 y. mean LS BMD decreased by 5.77% and 13.55% (P arm) vs. 0.12% and 0.85% (R arm). Percent change for BALP was +60% (P) and 9.54% (R) and +13.8% (P) and +22.3% (R) for CTX
	
	The risedronate arm had
more AEs in the GI and pain domain, whereas the placebo had more AEs in the endocrine domain
No ONJ was reported


	Kachnic et al., 2013 [8]
(3 y.)
	Men with non-metastatic PC on LHRH agonist therapy and RT, TH T-scores (< −1.0, > −2.5)
	
	109 patients randomized 1:1 to ZOL (IV) or observation. All patients received calcium/vitamin D supplements
	BMD percent changes were improved with ZOL for LS (6% vs −5%), left TH (1% vs −8% and left FN (3% vs −8%)
	Only 1 patient in each arm experienced a 
bone fracture
	Myocardial ischemia in 1 patient in ZOL arm (possibly treatment-related). ONJ was not reported

	Klotz et al., 2013 [9]
(1 y.)
	Men with non-metastatic PC receiving ADT (leuprolide)

	Prior treatment with bisphosphonates, intolerance to oral bisphosphonates or history of metabolic disease
	84 patients were assigned to oral alendronate (A) and 102 received placebo (P). All subjects took oral daily calcium/vitamin D supplements
	Lumbar BMD increased by +1.7% and decreased by 1.9% in A and P group, respectively. Mean BMD percent change between arms was 3.6%. Median TH BMD percent change was +0.7% in A and 1.6% in P.  Median NTX and BALP percent change were -3.5% and -2.25% in A-arm and +16.5% and +3.12% in P-arm 
	
	No significant differences in incidence of AEs between groups. Hypertension was more frequently reported in A group vs P arm (2.8% vs 0%)

	Denham et al., 2014 [10] (18 months)
	Men with locally advanced non- metastatic PC
	Previous treatment with AS or bisphosphonates, previous pelvic RT, osteoporosis resulting in vertebral compression fractures, or abnormal renal function
	(n=1071) 4 treatment arms in a 2x2 factorial design: short term AS (STAS); STAS + ZOL (IV); intermediate term AS (ITAS) and ITAS +ZOL
	TH BMD decreased (STAS, -2.6%; ITAS, -4.1%) at 2 y. FN BMD increased at 2 and 4 y.: STAS+ZOL (0.6% and 1.8%); ITAS+ZOL (0.5% and 1.2%). ZOL prevented AS-induced FN BMD loss 
	ZOL did not reduce the risk of vertebral and non-vertebral fractures 
	ONJ was observed in 2 subjects treated with ZOL. Hypocalcemia grade 1 ranged from 2.7% to 8.8% in ZOL treated patients

	Brufsky et al., 2007 [11]
(1 y.)
	Postmenopausal women with ER and/or PR-positive BC and baseline LS and TH T-scores ≥-2.0

	Patients treated with prior letrozole or IV bisphosphonates or with prior fractures were excluded
	602 patients received oral letrozole and were randomly assigned 1:1 to receive either upfront or delayed ZOL (IV). All subjects were instructed to take daily calcium/vitamin D supplements

	Mean significant BMD percent difference between groups was 4.4% for LS and 3.3% for TH. 12.6% of patients with normal baseline BMD in ZOL delayed arm developed mild to moderate osteopenia vs. 3.4% of patients in upfront ZOL arm. Serum NTX and BALP decreased in the upfront ZOL arm and increased in the delayed ZOL
	
	Occurrence of AEs was similar between groups except for bone pain, which was higher in the upfront ZOL group (11.3%) vs. 4% in ZOL delayed group. ONJ was not reported in either group

	Bundred et al., 2008 [12]
(1 y.)
	Postmenopausal women with ER-positive EBC and baseline LS and TH T-scores >2.0 
	Patients treated with prior letrozole or IV bisphosphonates or with prior fractures were excluded
	1065 patients received oral letrozole and were randomly assigned 1:1 to receive either upfront or delayed ZOL (IV). All subjects were instructed to take daily calcium/vitamin D supplements
	At 1 y., least mean squared percent change in BMD was 5.7% for LS (P < 0.0001) and 6% for TH (P < 0.0001)
	
	Occurrence of AE was similar between groups apart from bone pain, which was higher in upfront ZOL group (12.3%) compared to 6.9% of patients in ZOL delayed group, as expected

	Ellis et al., 2008 [13]
(2 y.)
	Women with BC on adjuvant AI treatment. Low BMD (T-score of −1.0 to −2.5). Patients required to have serum vitamin D  levels ≥12 ng/mL
	Patients with osteoporosis (T-score < −2.5), prior vertebral fracture, current use of bisphosphonates, and use of any antineoplastic therapy (apart from AI)
	252 patients randomized 1:1 to receive denosumab (D) or placebo (P). All patients were instructed to take calcium/vitamin D supplements
	At 1 y., LS BMD increased by 5.5% in D group vs. P group, independently of AI or TX duration. Increase was sustained at 2 y. (7.6% difference between arms)

	No vertebral fractures were reported over 24 months
	Similar incidence of AEs between groups. Most common AEs included arthralgia, pain in extremity, back pain, and fatigue. No hypocalcemia was reported

	Hines et al., 2009 [14] 
(5 y.)
	Postmenopausal women with non-metastatic HR-positive BC initiating AI therapy after TX and evidence of R/M disease
	R/M disease, existing LS and/or TH fracture, history of low-intensity fracture, baseline LS or FN BMD T-score < -2.0; any prior treatment with drugs known to affect the skeleton
	558 patients randomized 1:1 to upfront ZOL (IV) or delayed ZOL. All patients were assigned to take letrozole, vitamin D and calcium
	 Higher average/percent change in LS, TH and FN BMD, at 1 and 2 y. in upfront ZOL, and lower clinically meaningful BMD loss at LS, FN or TH at 1 y.
	
	Significantly higher incidence of limb edema, fatigue, fever, and nausea at 1 y. in upfront ZOL group

	Eidtmann et al., 2010 [15] (5 y.)
	Premenopausal and recently menopausal women with ER-positive and/or PR-positive BC and baseline LS and TH BMD T-score >2.0 
	
	1065 patients received adjuvant daily letrozole (oral, 2.5 mg/day) and were randomly assigned 1:1 to receive upfront or delayed ZOL

	36 months: Mean percent change from baseline in LS BMD was 4.39% (upfront-ZOL patients) and -4.9% (delayed-ZOL patients). Least-squares mean difference in LS BMD was 5.27%, 7.94% and 9.29% at 1, 2 and 3 y. Mean changes in TH BMD were similar but smaller
	Fractures occurred in 24
upfront-ZOL patients and 26 delayed-ZOL patients
	Incidence of AEs was similar between groups. Upfront-ZOL patients experienced slightly more flu-like symptoms. Higher number of patients with renal failure/impairment in delayed-ZOL. ONJ was reported in 2 upfront-ZOL patients

	Van Poznak et al., 2010 [16]
(2 y.)
	Postmenopausal women with no metastatic HR–positive EBC (scheduled to receive anastrozole), high risk of fracture with LS or FN T-score <-2.0, prior history of fragility fracture
	Exclusion criteria included metastatic disease, recent hormone treatment, and medications known to alter BMD
	234 patients allocated based on their fracture risk (higher, HR; moderate, MR or lower risk, LR). HR patients (38) received anastrozole+ risedronate (A+R). LR patients (42) received A. MR patients (77) were randomly assigned to receive either A+R or A+ placebo (A+P). LR patients only received A. Calcium/vitamin D were recommended for all patients
	MR patients: significant increase in LS and TH BMD in A + R vs. A + P (2.2% v −1.8%; and 1.8% v −1.1%; respectively). HR patients: significant increase in LS and TH BMD in A+R group (3.0% and 2.0%, respectively). LR patients: significant decrease in LS BMD in A+R arm (−2.1%) and numerical decrease in TH BMD (−0.4%). At 1 y., CTX and PINP decreased (43-46%) in all R groups
	No difference in the incidence of fractures between arms
	Incidence of AEs was comparable among groups

	Brufsky et al., 2012 [17]
(5 y.)
	Postmenopausal women with a history of surgically resectable ER and/or PR-positive EBC receiving letrozole
	
	602 patients randomized 1:1 to receive upfront or delayed-start ZOL (IV)
	Least square means of LS and FN BMD were 8.9% and 6.7% in upfront ZOL and delayed ZOL arms, respectively (P < .0001). 
Least squares mean BMD difference between groups steadily increased from baseline to month 61 for LS (4.3% to 8.9%) and TH (3.2% to 6.7%)
	The incidence of fractures was 9.3% in delayed ZOL group vs 11% in upfront ZOL

	Types and rates of AE were similar between groups

	Rhee et al., 2013 [18]
(6 months)
	Postmenopausal women with HR-positive EBC on AI treatment (anastrozole or letrozole)

	Clinical and/or radiological evidence of distant metastasis, previous use of
bisphosphonates or contraindication for bisphosphonates or use of drugs affecting bone metabolism
	98 patients randomized 1:1 to receive alendronate combined with calcitriol (AC) or placebo (P). All patients received daily calcium/vitamin D supplements
	In P group, LS BMD decreased by 3.5% after AI initiation while it was well maintained in AC group. LS BMD difference was ~3.0% between groups. TH BMD decreased by 1.3% in P vs 0.5% in AC. Serum CTX was markedly higher in P group after AI initiation. Change difference in CTX was 72.4%, between AC and P arms
	No differences in the risk of major osteoporotic fractures or TH fractures at 10 y. 
	No significant differences in incidence of AEs between groups
. 

	Sestak et al., 2014 [19]
(5 y.)
	Healthy postmenopausal
women at increased risk of BC on anastrozole (Study IBIS-II)
	Premenopausal status, previous diagnosis of invasive cancers, current use of selective ER modulators for ≥6 months or evidence of severe osteoporosis (T-score –4·0)

	260 women in stratum II were randomly assigned to receive risedronate (R; n=137) or matched placebo (P; n=123).
Calcium/vitamin D were recommended for all patients

	36 months: Women in stratum II randomly allocated to A+R achieved a mean LS BMD increase of 1.1% vs. -2.6% in P. TH BMD decreased by -0.7% for A+R vs. 3.5% decrease in A+P arm (p=0·000). 12 months: NTX/Creatinine decreased by 13% in R vs. 11.7% in P
	The incidence rate for fractures in both arms was similar
	Incidence of AEs was similar between groups within each stratum. In R arm, no serious AEs, such as ONJ or serious GI problems were reported after 3 y. of follow-up

	Greenspan et al., 2015 [20]
(2 y.)
	Postmenopausal women with HR-positive BC, > 55 y., currently receiving AI (including anastrozole, letrozole, or exemestane)
	Women treated with a bisphosphonate in the previous year or on any medication known to affect bone and mineral metabolism such as GC
	109 patients randomly assigned 1:1 to receive oral risedronate (R) or placebo (P)
	LS BMD increased in R group and decreased in P arm over 1 and 2 y. The adjusted difference was 3.9% in favor of R group at 2 y. At 1 and 2 y., TH BMD increased more in R than in P. The adjusted difference at 2 y. was 3.2% in favor of R arm. Similar differences were achieved at FN with 2.6% of adjusted difference at 2 y. In R, CTX and PINP decreased at 1 and 2 y.
	
	94% had no serious AEs. There were no differences between the groups

	Gnant et al., 2015 [21]
(3 y.)
	Postmenopausal women with non-metastatic ER-positive or PR-positive BC receiving adjuvant non-steroidal AI

	Prior or concomitant treatment with Tx or SERM. Prior treatment with bisphosphonates
	3420 patients randomly assigned 1:1 to receive either denosumab (D) or placebo (P). All patients received calcium/vitamin D
	At 3 y., D arm had a significant relative increase in LS, TH and FN BMD (10.02%, 7.92%, and 6.51%, respectively). 10%, 17% and 22% of D patients lost LS, TH or FN BMD vs. 74%, 78% and 75% of P patients
	Time to first clinical fracture
was delayed in D arm. 5% (D arm) vs.9.6% patients (P group) had fractures
	Total incidence of AEs did not differ between D or P arms (80% vs. 79%) nor did the incidence of serious AE (30% of each group). Main AEs were arthralgia and other AI-related symptoms

	Lester et al., 2008 [22]
(2 y.)
	Postmenopausal women with ER-positive BC surgically treated
	Patients were excluded if menopause was induced by either prior CT or drug therapy, were receiving medication with effects on bone, had abnormal renal function or disorders of bone metabolism or previous bilateral hip fractures

	All patients received anastrozole and calcium/vitamin D supplements. 50 osteopenic patients were randomized 1:1 to receive ibandronate (I) or placebo (P)

	I-patients gained +2.98% and +0.60% at LS and TH BMD, respectively. In the P arm, mean BMD declines were observed at 1 and 2 y. at LS (-2.35% and -3.22%) and TH (-2.27% and -3.90), at both sites, at each time point. At 1-y., mean percentage change from baseline was -30.9%, 
-26.3%, and -22.8% for uNTX, sCTX, and sBALP, respectively in I arm (all highly significant)
	No fragility fractures were reported in either group
	Upper GI tract symptoms such as nausea and indigestion were experienced by 16% of patients in I arm vs. 0% in P group


ADT androgen deprivation therapy, AE adverse events, AI aromatase inhibitors, AS androgen suppression, BC/EBC breast cancer/early breast cancer, BM bone mass, BMD bone mineral density, BALP bone-specific alkaline phosphatase, BTM bone turnover markers, Cr creatinine, ER estrogen receptor, FN femoral neck, GC glucocorticoids, GI gastrointestinal, GnRH gonadotropin-releasing hormone, HR hormone receptor,  IV intravenous, LHRH luteinizing hormone-releasing hormone, LS lumbar spine, ONJ osteonecrosis of the jaw, PC prostate cancer, PINP procollagen type I N-terminal propeptide, PR progesterone receptor, PTH parathyroid hormone, PTHrP parathyroid hormone-related protein, RANKL/RANK receptor activator of the NF-κB (L: ligand), SC subcutaneous, SERMs selective estrogen receptor modulators, R/M recurrent/metastatic, RT radiotherapy, TGFβ transforming growth factor beta, TH total hip, TRAP5b tartrate-resistant acid phosphatase 5b, Tx tamoxifen, w/wo with/without, y year(s), ZOL zoledronic acid /zoledronate.
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