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Background

» Bone modifying agents, such as zoledronic acid and denosumab, are
commonly used in patients (pts) with metastatic solid tumors to reduce the
incidence of skeletal-related events (SREs).

» The FDA-approved administration schedule for both agents is every 4 weeks,
however less frequent administration (i.e. every 12 weeks) is commonly
observed in practice due to patient convenience.

» The efficacy and safety of these extended interval regimens is well-
established for zoledronic acid, however there is little evidence available
supporting this practice with denosumab.

» Pts with metastatic prostate cancer were evaluated for development of SREs
during treatment with extended intervals of denosumab.

» 103 pts evaluated and treated at Indiana University Health between
September 2019 and September 2024 were included in this analysis.

» A historical control group of pts receiving every 4-week dosing was used as
comparison’.

» SREs were defined as pathologic fracture, spinal cord compression,
operation, or radiation to bone.

» Extended interval dosing is defined as an administration schedule >4 weeks
apart on a consistent basis.

> Statistical analysis: P-value comparisons across Tables 1 & 2 are based on
Chi-Square or Fisher's Exact test for categorical variables and Wilcoxon
(Normal Approximation) for continuous variables. Comparisons of incidence
of SREs between the extended interval and historical dosing groups were
performed by Chi-Square test. Time to SRE were estimated with the Kaplan-
Meier method and compared using the 1-sided test from the Brookmeyer
and Crowley method

» For the time to SRE, the time from initiation of bone preserving agent until
the date of SRE was calculated. If a patient did not have an SRE, they were
censored at the last follow up date.

» The lower 99% confidence interval for time to SRE in patients with mCRPC
at time of denosumab initiation in the extended interval dosing group was
32.2 months. This compared favorably to the median of 20.7 months in the

Table 1: Patient Characteristics of Extended Interval Dosmg Group
Castration-resistant Hormone-sensitive Total
(N=72) (N=31) (N=103)

p-value

Age at diagnosis, 63.17 (46.63, 87.22) 67.19 (47.23, 82.99) 63.84 (46.63,87.22)  0.2779 historical every 4-week dosing group (p<0.01 )
median (range)
Age at start of denosumab,  70.50 (49.48, 90.00) 68.68 (51.30, 83.38) 70.16 (49.48,90.00)  0.1641

Figure 1: Time to SRE with Extended Dosing Intervals

Product-Limit Survival Estimates

median (range)
» Median age at starting bone preserving agent was 70.16 years (range, 48.48-90.00).

" b - 10 4 [+C d
» 72 pts (69.9%) had metastatic castration-sensitive prostate cancer, and 31 pts (30.1%) (tCensored]
had metastatic castration-resistant prostate cancer (mMCRPC) at time of initiation of
denosumab. 08 o
Table 2: SREs & Safety Data for Extended Interval Dosing Group B
Castrati Hor! itive Total (N=103) p-value % 06 -
(N=72) (N=31) 3
Patients experiencing 21 16 (22.2%) 8 (25.8%) 24 (23.3%) 0.6931 ;
SRE, n(%) Z 04
Skeletal-related events, n(%) Ug’
Pathologic fracture 3 (4.2%) 0(0%) 3 (2.9%) 0.5520
Spinal Cord Compression 1(1.4%) 0 (0%) 1(1.0%) 1.0000 024
Surgery 2 (2.8%) 0 (0%) 2 (1.9%) 1.0000
Radiation Therapy 14 (19.4%) 8 (25.8%) 22 (21.4%) 0.4699 00
T T T T T T
# of denosumab doses 4.00 (2.00, 17.00) 7.00 (2.00, 18.00) 5.00 (2.00, 18.00) 0.0027 0 2 P © 30 100
received, median (range)
Hypocalcemia (Corr. Ca 12 (16.7%) 5 (16.1%) 17 (16.5%) 0.9462 Time until SRE from start of bone preserving agent (or follow-up) in months
<8mg/dL), n(%) Hormone status at start of bone presemng agent
Dental Complications, n(%) 4 (5.6%) 2 (6.5%) 6 (5.8%) 1.000 Castrati el B

Table 3: SRE Comparison of Historical vs Extended Interval Dosing in mCRPC Patients

CONCLUSIONS

SRE development? Historical Group Extended Interval Group

N 609 56 . s % . . 5

v° » Extended interval dosing of denosumab in patients with metastatic prostate
es 341 16

cancer is not associated with an increased risk of development of SREs and

» Incidence of SREs in all patients receiving extended interval denosumab was 23.3%.

» The incidence of SREs in patients with mCRPC status at time of initiating denosumab
in the extended interval dosing was 22.2%. This compares favorably to historical data
with incidence of SRE in the every 4 weeks dosing group at 35.9% (p=0.02).

» The incidence of SREs in patients with mCRPC status at time of last follow-up
receiving extended interval dosing was 26.6%. This compares favorably to historical
data with incidence of SRE in the every 4 weeks dosing group at 35.9% (p=0.10).

» SREs identified for all patients receiving extended dosing interval denosumab were
pathologic fracture (3, 2.9%), spinal cord compression (1, 1.0%), surgery (2, 1.9%),
and radiation to bone (22, 21.4%).

may offer convenience for pts.

» Larger prospective studies are needed to validate these findings
Reference: Fizazi K, Carducci M, Smith M, et al. Lancet 2011; 377: 813-822
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BONE MODIFYING AGENTS

* ZOLEDRONIC ACID

* DENOSUMAB- fully human monoclonal antibody that binds to and
neutralizes RANKL on osteoblasts and their precursors.



BACKGROUND DATA

Denosumab versus zoledronic acid for treatment of bone W

metastases in men with castration-resistant prostate cancer:
a randomised, double-blind study

Karirm Fizazi, Michael Carducei, Matthew Smith, Ronaldo Damigo, janet Browen, Lawrence Karsh, Piotr Milecks, Meal Shore, Michoe! Roder,
Huei Wang, Qi fiang, Sylvia Tadros, Roger Dansey, Carsten Goess|

* In this phase 3 study, men with castration-resistant prostate cancer and no previous exposure to intravenous
bisphosphonate were enrolled from 342 centres in 39 countries. An interactive voice response system was used to
assign patients (1:1 ratio)

* 120 mg subcutaneous denosumab plus intravenous placebo, or 4 mg intravenous zoledronic acid plus subcutaneous
placebo, every 4 weeks

* The primary endpoint was time to first on-study skeletal related event (pathological fracture, radiation therapy, surgery
to bone, or spinal cord compression), and was assessed for non-inferiority.

Fizazi et al. Lancet 2011; 377: 813-22
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White B0 (B5%) 220 (87w
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ECOG performance status 0-1 BE6 (93%) 382 (93%)
Tirme from disgresis of prostate cancer to 41-2 (18-3-82-0) 375 (181-75-4)
randarmisation [montha)
Tirme from diagnosis of bone metastases to 549 [1.31-16-10) 304 (1.22-15.67)
randarmisation [manths)
Prisence af visceral metastases 181 (19%) 161 {17%)
Recent chematherapy"t 132 (14%) 132 (14%)
Haernaglobin concentration [giL) 126 (16) 126 [16)
Creatinine desrance of =15 mLs 333(35%) 331 (35%)
PSA at randomisation (ug/L)" GO0 [19-8-202.2) 8.5 (18.2-225.6)

<10 145 (15%) 145 {15%)

=10 BOo6 (B5%) 805 (B5%)
Gleasan soore at diagrosis

-6 180 (19%) 175 (18%)

7 280(29%) I3 (29%)
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Missing 23 (o) 108 (11%)
Bore turmdver markers

Bone-specific alkaline phosphatase {pa/L) 318 (17.2-82.2) 343 (175900

Wrinary M-telopeptide [nmelimmal) 407 [27-4-112-0) 530 (28-4-111.9)
Previous skeletal-nelated event” 231 [24%) 232 (24%)
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* The FDA-approved administration schedule for both agents 1s every 4 weeks,
however less frequent administration (i.e. every 12 weeks) 1s commonly observed
in practice due to patient convenience.

* The efficacy and safety of these extended interval regimens 1s well-established for
zoledronic acid, however there is little evidence available supporting this practice
with denosumab.



Extended dosing data: zoledronic acid 29.5% with 4-wekly schedule versus

28.6% with 12 weekly schedule had
e —— atleast 1 SRE

Research

JAMA | Original Investigation

Effect of Longer-Interval vs Standard Dosing of Zoledronic Acid
on Skeletal Events in Patients With Bone Metastases
A Randomized Clinical Trial

Figure 2_ Cause-Specific Cumulative Incidence of Skeletal-Related Events
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Andrew L. Himelstein, MD; Jared C. Foster, PhD; James L. Khatcheressian, MD; John D. Roberts, MD: Drew K. Seisler, BS: Paul J. Novotny, MS; E Zoledronic acid every 4 wk
Rui Qin, PhD; Ronald 5. Go, MD; Stephen 5. Grubbs, MD; Tracey O'Connor, MD; Mario R. Velasco Jr, MD; Douglas Weckstein, MD; ; 0 i el
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'E & st
IMPORTANCE Zoledronic acid, a third-generation aminobisphosphonate, reduces the ¥ ] —
incidence of skeletal-related events and pain in patients with bone metastases. The optimal =
dosing interval for zoledronic acid is uncertain. E 10
2
OBJECTIVE To determine whether zoledronic acid administered every 12 weeks is noninferior " Wald P= 67
to zoledronic acid administered every 4 weeks. a H 8 13 16 10 24
DESIGM, SETTING, PARTICIPANTS Randomized, open-label clinical trial conducted at 269 Time, mid
academicand community sites in the Uinited States. Patients (n = 1822) with metastatic breast Mo. at risk
CanCer, metastatic prostate cancer, or multiple myelomawhio had at least 1site of bone involvement Everydwk 911 BE2 703 585 457 167 145
were enrolled between May 2009 and &pril 2012: follow-up conduded in April 2014, Every 12 wh 911 BE4 716 376 484 R 244

INTERVENTIONS Patients were randomized to receive zoledronic acid administered

; There were 256 patients with skeletal-related events in the zoledronic acid
intravenoushy every 4 weeks (n = 911) vs every 12 weeks (n = 911) for 2 years.

every 4-week dose group and 246 patients in the every 12-week dosa growp
{hazard ratio, 096 [95% O, 0.81-1.151). The median follove-up was 157 months

. . . . . . (interguartile range, 6.4-24.1 months) in the zoledronic acid every 4-wesk dose
The primary end point was the proportion of patients having at least 1 skeletal-related event (defined as group and 16.8 months (inbescuartile range., 5 4-34.0 months) in the every

clinical fracture, spinal cord compression, radiation to bone, or surgery involving bone) within 2 years after 12-week dose group. There were 122 patients who died in the zoledronic acd
randomization and a between-group absolute difference of 7% as the noninferiority margin. every 4-week dose group and 118 in the every 12-week dose group.

JAMA. 2017;317(1):48-58.d0i:10.1001/jama.2016.19425
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Interval Comparison of Zoledronic

with Metastatic Bone Disease, Is 4-Weekly or 12-Weekly More
Effective?: A Systematic Review and Meta-analysis

1 Gede Eka Wiratnaya, ' Putu Astawa, ' Sherly Desnita Savio,

1 Gusti Agung Wiksa Astrayana, "' | Made Arditya Dwi Yudhistira, " Putu Angga Dharmayuda

Medhcineg

Acid Treatment in Patients

Agus Suarjaya Putra,

Department of Orthopaedics and Traumatology, Faculty of Medicine Uday
Denpasar, Bali, Indonesia

Abstract

Objectives: The aim of bisphosphonate treatment in patients with metastatic bone disease is to prevent metastatic
skeletal morbidity and prevent cancer treatment-induced skeletal damage. The classical recommendation of Zoledron-
ic acid treatment is to be given indefinitely as intravenous infusion every 3 to 4 weeks until patients' health deteriorates.
Data on zoledronic acid's long-term effectiveness and safety are insufficient, and some recent literatures start to con-
sider 12-weekly administration as a reasonable alternative in order to minimize the adverse effects.

Methods: A systematic search was conducted based on PRISMA guideline to identify relevant studies through PubMed,
Google Scholar, and Cochrane database. A total of 5 studies (2867 patients) were included, divided into outcome analy-
sis, processed using Review Manager 5.3.

Results: The search of electronic databases yielded a total of 299 entries. Five studies were included in the qualitative
and quantitative synthesis following the steps of identifying, screening, determining eligibility, eliminating duplicates,
and excluding studies. Out of a total of 2.867 patients, 1.427 received ZA for 12 weeks and 1.440 received ZA for 4
weeks, making up the total number of patients included in this meta-analysis. Each trial had a comparable one-year
follow-up duration after ZA was given. We discovered that the incidence of adverse effects varied significantly between
the two groups. In contrast, there is no statistically significant difference in the rates of SRE, ONJ, renal dysfunction, or
death between the two groups.

Conclusion: Our systematic review and meta-analysis reveals that 12-week intervals of zoledronic acid is as effective as
the standard 4-week interval in terms of skeletal related event, jaw osteonecrosis, renal dysfunction, and mortality rate.
However, the standard 4-week intervals led to higher rate of adverse effects.




Extended dosing schedule: Denosumab- limited data

Therapeutic Advances in Medical Oncology Original Research
Safety and efficacy of extended dosing ki
intervals of denosumab in patients with
solid cancers and bone metastases:

sagepub.camyjournala-
permissions

a retrospective study

Aseala |. Abousaud™™, Meagan S. Barbee, Christine C. Davis, Sarah E. Caulfield,
Zeyuan Wang, Alexa Boykin, Bradley C. Carthon and Keerthi Gogineni

* Patient & Methods: Adult patients with solid cancers and bone metastases who received at least two doses of denosumab 120mg were
reviewed. Patients were grouped based on an average denosumab dosing interval of dosing interval of <5weeks (short-interval) versus 5—
11weeks (mediuminterval) versus =12weeks (long-interval).

* The primary outcome was the time to first SRE while on denosumab between the short- and medium-interval groups.

* The secondary outcomes were overall survival (OS), efficacy comparisons between the other groups, and safety events.



Table 2. Efficacy outcomes.

Overall population
[n=432)

Short-interval
<Sweeks [n=241)

Medium-interval
5-11weeks [n=145]

Long-interval =12weeks
[n=46]

Median time to first -
SRE Imonths)

HR 195% CI), pvalue

m0OS [months|
HR [95% CI], pvalue =

332

1.13 [0.66-1.92] p=0.717

342
1.05 [0.40-1.82] p=0.2

29.1

1.15(0.66-2.01) p=0.62"

28.4
1.33 (0.75-2.34) p=0.28"

32.2

p=0.66°
32.9
p=0.86°
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Figure 2. Kaplan-Meier-estimate time to first SRE short interval versus
medium interval.
SHE. skeletal-related event.

“For the comparison between the short- and medium-interval groups, power=88%.

For the comparison between the medium- and long-interval groups, power =84%.
“Far the comparison between the short- and long-interval groups, power = 4£5%.

Cl, confidence interval; mOS, median overall survival.




ABSTRACT

* Bone modifying agents, such as zoledronic acid and denosumab, are commonly

used 1n patients (pts) with metastatic solid tumors to reduce the incidence of
skeletal-related events (SREs).

* The FDA-approved administration schedule for both agents is every 4 weeks,
however less frequent administration (1.e. every 12 weeks) 1s commonly observed
in practice due to patient convenience.

* The efficacy and safety of these extended interval regimens 1s well established for
zoledronic acid, however there 1s little evidence available supporting this practice
with denosumab.



Methods

* Pts with metastatic prostate cancer were evaluated for development of SREs
during treatment with extended intervals of denosumab.

* 103 pts were evaluated and treated at Indiana University Health between
September 2019 and September 2024 were included in this analysis.

* A historical control group of pts receiving every 4-week dosing was used as
comparison. (Fizazi et al. Lancet 2011; 377: 813-22)

* SREs were defined as pathologic fracture, spinal cord compression, operation, or
radiation to bone.

* Extended interval dosing is defined as an administration schedule 4 weeks apart
on a consistent basis.



Statistical analysis

* Chi square or FISHER extract test for categorial variables
* Wilcoxon for continuous variable
* comparision of incidence of SREs between extended dosing and historical data

* Time to SRE were estimated with Kaplan-mayer method and compared 1 sided
test from brookmeyer and crowlell method



Results

* Median age at starting bone preserving agent was 70.6 years (range, 49.5-90). 31
pts had metastatic castration-sensitive prostate cancer and 72 pts had metastatic
castration-resistant prostate cancer (mCRPC) at time of last follow-up.

Table 1: Patient Characteristics of Extended Interval Dosing Group

Castration-resistant Hormone-sensitive Total p-value
(N=72) (N=31) (N=103)
Age at diagnosis, 63.17 (46.63, 87.22) 67.19 (47.23, 82.99) 63.84 (46.63, 87.22) 0.2779

median (range)
Age at start of denosumab, 70.50 (49.48, 90.00) 68.68 (51.30, 83.38) 70.16 (49.48, 90.00) 0.1641
median (range)




Table 2: SREs & Safety Data for Extended Interval Dosing Group

Patients experiencing 21
SRE, n(%)
Skeletal-related events, n(%)

Pathologic fracture
Spinal Cord Compression
Surgery

Radiation Therapy

# of denosumab doses
received, median (range)
Hypocalcemia (Corr. Ca
<8mg/dL), n(%)

Dental Complications, n(%)

Castration-resistant

(N=72)
16 (22.2%)

3 (4.2%)
1(1.4%)
2 (2.8%)

14 (19.4%)

4.00 (2.00, 17.00)
12 (16.7%)

4 (5.6%)

Hormone-sensitive

(N=31)
8 (25.8%)

0 (0%)
0 (0%)
0 (0%)
8 (25.8%)
7.00 (2.00, 18.00)
5 (16.1%)

2 (6.5%)

Total (N=103)

24 (23.3%)

3 (2.9%)
1(1.0%)
2 (1.9%)
22 (21.4%)
5.00 (2.00, 18.00)
17 (16.5%)

6 (5.8%)

p-value

0.6931

0.5520
1.0000
1.0000

0.4699
0.0027

0.9462

1.000



* Incidence of SREs 1n all patients receiving extended interval denosumab was 23.3%.

* The incidence of SREs at the last follow up in patients with mCRPC receiving
extended interval dosing was 26.6%.

* This compares favorably to historical data with incidence of SRE in the every 4
weeks dosing group at 35.9% (p=0.10)

Table 3: SRE Comparison of Historical vs Extended Interval Dosing in mCRPC Patients

SRE development? Historical Group Extended Interval Group
No 609 o6
Yes 341 16




* Median time to development of SRE was not estimable when all patients in the
denosumab extended interval group were included in analysis.

* Median time to SRE in the mCRPC extended interval dosing group was 42.8
months and 20.7 months 1n the historical every 4-week dosing group (p,0.01).

* SREs 1dentified for all patients receiving extended dosing interval denosumab
were pathologic fracture (3, 2.9%), spinal cord compression (1, 1.0%), surgery (2,
1.9%), and radiation to bone (22, 21.4%).



Figure 1: Time to SRE with Extended Dosing Intervals

Product-Limit Survival Estimates
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CONCLUSIONS

» Extended interval dosing of denosumab in patients with metastatic prostate
cancer iIs not associated with an increased risk of development of SREs and
may offer convenience for pts.

» Larger prospective studies are needed to validate these findings
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