Kostni nadorova nemoc a jeji lécba

MUDr. Iveta Kolarova, Ph.D.
Klinika onkologie a radioterapie
FN Hradec Kralové

8.9.2021



IR NN

Osnova

Incidence kostnich metastaz

. Symptomatologie

Diagnostika
Terapie lokalni

. Systémova léCba



Metastazy ve skeletu

* Zhorseni kvality zivota,
zvyseni morbidity a komplikaci,
nekdy i zivot ohrozujici
* Socialni stranka Zivota pacientu
* Bolest — zavisi na typu
(lytickeé vs. blastické) a lokalizaci

Coleman RE. Metastatic bone disease: Clinical features, pathophysiology
and treatment strategies. Cancer Treat Rev.2001;27:165-176.

Coleman RE. Skeletal complications of malignancy. Cancer. 1997;80(8 suppl):1
588-1594.



Predilekcni misto vzniku cervena
kostni dren

- 80% osovy skelet
(70% Th, 20% LS, 10% C pater)
- 20% panevni kosti, zebra, lebka
a prox. castech dlouhych kosti




Vyskyt kostnich metastaz u humannich
karcinomu

Typ karcinomu Frekvence kostnich metastaz %

MnohocCetny myelom 95
Karcinom prsu 70
Karcinom prostaty 85
Karcinom mocoveho méchyre 40 - 70
Karcinom plic 40
Karcinom stitné zlazy 25 —-60
Karcinom ledvin 40
Melanom 15 - 45

Coleman RE. Clinical features of metastatic bone disease and risk of skeletal morbidity. Clin Cancer Res. 2006;12:6243se6249s.



Kostni prihody — SRE
(skeletal related events)
nejvyssi incidence SRE u BC

* patologicke fraktury

* nutnost paliativni RT

* komprese michy a miSnich nervu

* bolesti Ci neurologicke deficity

* nutnost operacniho reseni kostni metastazy

* event. i nadorova hyperkalcémie (i paraneoplasticky
puvod)

Coleman RE. Clinical features of metastatic bone disease and risk of
skeletal morbidity. Clin Cancer Res. 2006;12:6243se6249s.

von Moos R, Costa L, Gonzalez-Suarez E, et al. Management of bone
health in solid tumours: from bisphosphonates to a monoclonal antibody.
Cancer Treat Rev. 2019;76:57e67. 3




Ubytek kostni hmoty vyvolany léébou
nadoru je béznou komplikaci malignit

Chemoterapie
Glukokortikoidy
Spatny nutriéni stav
Imobilizace

Hormonalni ablace

S poklesem Bone Mineral Density se zvySuje riziko fraktur pacienta

BMD = bone mineral density.
Mundy GR. Oncology (Williston Park). 2004;18(suppl 3):9-10.



Mnoho protinadorovych Iéku muze
narusit integritu kosti

Hormonalni lécba Chemoterapie
 Inhibitory aromataz « Metotrexat

- Agonisté GnRH * Cyklofosfamid
* Androgenni suprese « Doxorubicin

Glukokortikoidy
Chirurgicky zakrok
* Oboustranna ovarektomie
* Oboustranna orchiektomie

Pfeilschifter J and Diel 1J. J Clin Oncol. 2000;18:1570-1593.
Goss PE et al. J Clin Oncol. 2001;19:881-894.
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Symptomatologie kostnich metastaz

 Casné faze — asymptomatické

* Bolest tupého charakteru, Spatne lokalizovatelna, bez ulevy
pri odpocCinku, nekdy horsi v noci, pfi poskozeni periostu Ci
patol. frakture bolest ostra a dobre lokalizovatelna

* Patolog. fraktura — predevsim dlouhé kosti, proximalni Casti,
obratlova téla (utlak michy €i miSnich nervu, neurologicky
deficit)

* Fraktury obratlu mohou vést ke kompresi michy - chirurgicka
dekomprese; urgentni radioterapie a kortikosteroidy.

* Fraktury - chirurgicka fixace, kyfoplastika nebo ozarovani
postizenych mist.



Hyperkalcemie

* 20 % pacientu, muze byt Zivot ohrozujici
* anorexie, polyurie, dehydratace, emocni labilita, srdecni
arytmie, selhani ledvin, komatozni stav, pancytopenie

* optimalni |[éCba - intravendzni hydratace, forsirovana
diuréza a Iécba inhibitory osteoklastu

Body JJ, Dumon JC. Treatment of tumour-induced hypercalcaemia with the bisphosphonate pamidronate: Dose-response relationship and influence of tumour type. Ann
Oncol. 1994;5:359-363.

Kakonen SM, Mundy GR. Mechanisms of osteolytic bone metastases in breast carcinoma. Cancer.2003;97(suppl):834-839.
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Typical radiographic response in bone to select
tumors*®

Predominantly osteoblastic

Prostate

Carcinoid

Small cell lung cancer

Hodagkin lymphoma
Medulloblastoma

POEMS syndrome

Predominantly osteolytic

Renal cell cancer
Melanoma
Multiple myeloma

Non-small cell lung cancer

Thyroid cancer
MNon-Hodgkin lvmphoma

Langerhans cell histiocytosis

Mixed osteoblastic and osteolytic

Breast cancer

Gastrointestinal cancers

Squamous cancers at most primary sites

* These represent the most common patterns of metastatic
involvement; individual variations may occur.




Diagnostika

* Scinti skeletu: senzitivhi metoda v rozpoznavani patolog.
zmen kostniho metabolismu a kostni struktury,
vystupnovana prestavba kostni tkane se
projevi jako hromadéni radionuklidu
(99m technecium) 99m-Tc-methylen

difosfonat

* RTG snimek - zachyti jen pokrocCilejSi stadia (30 — 50 %
kostni hmoty), viditelné postizeni spongidozy od 1 cm a vice,
u kortikalis 1 - 2 mm.

V pocatcich tézce odliSitelné od osteopenie u osteoporosy —
rozlisi loziska osteolyticka, osteoplasticka, osteopeni
a fraktury

Coleman R, Hadji P, Body JJ, Santini D, Chow E, Terpos E, Oudard S, Bruland &, Flamen P, Kurth A, Van Poznak C, Aapro M, Jordan K; ESMO

Guidelines Committee. Electronic address: clinicalguidelines@esmo.org. Bone health in cancer: ESMO Clinical Practice Guidelines. Ann Oncol. 2020
Dec;31(12):1650-1663.
Kolar, J. Metastazy do skeletu. Radiodiagnostika, 2005, 51, ¢. 6.



Diagnostika

* CT - lepSi posouzeni stavu kortikalis, lepSi prostorové zobrazeni lebky, panve a
patere, rozlisi kostni metastazu od hemangiomu, uzitecné pro lokalizaci Iéze

k biopsii, ale obtizné rozliseni mezi metabolickou aktivitou a inaktivni kostni lézi,
proto limitace hodnoceni efektu IéCby

* MR nejsenzitivngjsi k posouzeni kostnich metastaz v kostni dreni, detekce na
zakladé rozdilu v intenzité signalu nadorove tkané a kostni diené

* Obé metody vhodné pro vyhodnoceni nemocnych s pozitivnim kostnim scanem a
normalnim RTG a pro objasnéni pfiCiny kompresivni fraktury obratli

Coleman R, Hadji P, Body JJ, Santini D, Chow E, Terpos E, Oudard S, Bruland &, Flamen P, Kurth A, Van Poznak C, Aapro M, Jordan K; ESMO Guidelines
Committee. Electronic address: clinicalguidelines@esmo.org. Bone health in cancer: ESMO Clinical Practice Guidelines. Ann Oncol. 2020 Dec;31(12):1650-
1663.

KolarF, J. Metastazy do skeletu. Radiodiagnostika, 2005, 51, ¢. 6.



Diagnostika — PET/CT

* signifik. vyhody oproti scinti pro vyhodnoceni metastaz skeletu, lepsi
diagnosticka presnost, lepsi rozliSeni, kratSi Cas zobrazeni, ale neni
100% specifické pro kostni metastazy, vyzaduje peclivou integraci
morfologickych zmén pomoci CT nebo MR k zajisténi presné interpretace

* 18 FDG - zalozené na zvysené aerobni glykolyze vetSiny nadorovych
|ézi, neléCene lytickeé léze vykazuji vysSSi zachyt FDG ve srovnani se
sklerotickymi meta, pomalu proliferujici léze nemusi byt zachyceny,
umoznuje presne rozliSeni mezi progresi osteosklerosy na CT (progrese
vs. odpovéd na terapii)

e 18NaF, natrium Fluorid — nejpresnéjsi radiofarmakum, senzitivita
96%, specificita 91% - vyhledavani osteoblastickych i osteolytickych
meta, odliSi i benigni Iéze, ve srovnani  se scinti ma vysSi senzitivitu a
specificitu, indikace meta v Casnych stadiich. Cena, mala dostupnost

* 68Ga-PSMA-11 (ligand prostatického specifického membranového
antigenu) — ca prostaty

Broski SM, Young JR, Kendi AT, Subramaniam RM. Skeletal metastasis evaluation: value and impact of PET/computed tomography on diagnosis, management
and prognosis. PET Clin. 2019;14:103e120.



Biopsie

° upresneni dg
* méné dulezité u meta postizeni v dalSich lokalizacich

* suspekce pouze na kostni metastazy, oligometastazy,
nejednoznacne zobrazovaci metody — vhodna histologicka
konfirmace — biopsie pod CT kontrolou



Clinical suspicion of metastases®

AV
Radionuclide bone scan
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[ Consider biopsy ]

Coleman R, Hadji P, Body JJ, Santini D, Chow E, Terpos E, Oudard S, Bruland &, Flamen P, Kurth A, Van Poznak C, Aapro M, Jordan K; ESMO Guidelines

Committee. Electronic address: clinicalguidelines@esmo.org. Bone health in cancer: ESMO Clinical Practice Guidelines. Ann Oncol. 2020 Dec;31(12):1650-
1663.



Hodnoceni odpovédi na terapii

e odlisna kritéria pro hodnoceni odpovéedi na lecbu,
zaloZzena spise na reparacnich zménach a destrukci kosti
nez na zménach objemu

* hojivé procesy se vyvijeji pomalu (min. po 3—6 meésicich
az 1 roku)

* Flare efekt pfi uspésné terapii



Biochemickeé vysetreni

kostni izoenzym alkalické fosfatazy v séru - dobra korelace s intenzitou kostni
novotvorby

vySSi hladina Ca - ukazatel osteolyzy (ale nespecificka)
N telopeptid kolagenu typu | v séru nebo v moci
C telopeptid kolagenu typu | v séru nebo v moci

* Markery kostniho metabolismu
* ukazuji probihajici zmény kostni resorbce a formace v celém téle,
* nepfinaseji specifické informace jednotlivych lézi,
* elevace muze podporit diagnosu kostnich meta,
* senzitivita i specificita je nizka,
* neni doporucovano v rutinni praxi sledovani nemocnych

Coleman R, Costa L, Saad F, et al. Consensus on the utility of bone markers in the malignant bone disease setting. Crit Rev Oncol Hematol. 2011;80:411e432.
Coleman R, Hadji P, Body JJ, Santini D, Chow E, Terpos E, Oudard S, Bruland @, Flamen P, Kurth A, Van Poznak C, Aapro M, Jordan K; ESMO Guidelines
Committee. Electronic address: clinicalguidelines@esmo.org. Bone health in cancer: ESMO Clinical Practice Guidelines. Ann Oncol. 2020 Dec;31(12):1650-
1663.



Lécba kosthich metastaz

* multidisciplinarni, klinicka kontrola pfiznaku a prevence
patologickych fraktur Ci ostatnich SRE

e stanoveni lokalizace a rozsahu kostnich metastaz (solitarni,
mnohocetné), pritomnost extraskeletalnich metastaz

* identifikace (nebo vylouCeni) moznych zavaznych komplikaci
(hyperkalcémie, komprese michy nebo patologické fraktury v
zatezovanych oblastech)

e ¢asna léCba bolesti a dalSich symptomu

* zhodnoceni rizika - zobrazovaci metody, ve spolupraci s
ortopedickou chirurgii

* NejucCinnejsi systémova léCba kostnich metastaz je IéCba
zakladniho maligniho onemocneni.

Hortobagyi GN. Novel approaches to the management of bone metastases. Semin Oncol. 2003;30(supp! 16):161-166.
Costelloe CM, Rohren EM, Madewell JE, et al. Imaging bone metastases in breast cancer: Techniques and recommendations for diagnosis. Lancet Oncol. 2009;10:606-614.



Analgetika

* Zlepseni kvality zivota, zlepseni celkoveho stavu
* Sledovani intenzity a charakteru bolesti

* Neuropaticka a smisena bolest — kombinace analgetik
s antidepresivy Ci antikonvulzivy

- ohled na nezadouci ucinky analgetik

* Neopioidni analgetika v kombinaci s koanalgetiky, slabé
opioidy, silné opioidy, event. kortikosteroidy
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Lokalni lecba

* Profylakticka interni fixace oblasti ohrozenych frakturou
(preferovano pred fixaci a po frakture)

* Ochrana anatomicke integrity patere (spoluprace s
neurochirurgy a ortopedy) — stabilizacni vykony u hrozicich
patologickych fraktur, osteosyntézy, exkochelace meta
loziska s vyplneénim dutiny kostnim cementem, extenze,
ortéza, korzet)

* \VV uvahu: primarni nador, jeho biologické chovani v
kostech, pravdepodobnost ucCinnosti intervence a
komorbidity nemocného

Johnson SK, Knobf MT. Surgical interventions for cancer patients with impending or actual pathologic fractures. Orthop Nurs. 172;27:160-171.



Lokalni lécba

°* misSni komprese — urgentni MR, dexamethason 16-24
mg/den, dle stavu postupna redukce

* pacient v dobrém stavu, limitovany rozsah onemocnéni,
komprese v jedné oblasti — chirurgicka intervence,
nasledne RT (pokud neni vhodny k chirurgicke intervenci,
samotna RT 8 Gy, delsi frakcionace pfi zvazovani i efektu
lokalni kontroly)

* Patologicka fraktura koncCetin (nebo riziko) — vhodna
fixace, nasledne RT (u kratkého predpokladu zivota jen
RT)

Hoskin PJ, Hopkins K, Misra V, et al. Effect of single-fraction vs multifraction radiotherapy on ambulatory status among patients with spinal canal compression
from metastatic cancer: the SCORAD randomized clinical trial. JAMA. 2019;322(21):2084e2094.
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Suggested algorithmic approach to management for vertebral bone metastases

‘ Local therapy for vertebral bone metastases

¥

Assess symptoms, extent of spinal involvement,
and presence/absence of fracture

Are any of the following present:
= Pathologic VCF
= Epidural extension
= Associated pain, neurological signs
[ l 1
Yes No
v ¥

Epidural cord compression or LE <& menths, poor PS, or
cauda equina syndrome? extensive visceral metastases?

I : 1 l—|—|

Yes No fes Ne
Refer to separate UpTaDate algorithm
. = . . Are there concerns about
on management of epidural spinal cord Pathologic VCF? Observation N e
N " mechanical stability?
compression and cauda equina syndrome
I ’—|—|
[ 1
Yes No Yas No

Observation versus
EBRTA

EBRT with or without VA

Epidural extension without
and/or surgical stabilization 1

cord compression?

l—|—|

Assess spine stability®

Stable Unstable Yes No

¥ ¥ ¥ ¥

Assess number of
symptomatic metastases

LE <& menths, poar PS,
or extensive visceral metatases?

l—|—|

LE <6 menths, poar PS,
or extensive visceral metatases?

!—I—|

Yes No Yes No
v v ¥ ¥ v v
. EBRT % with or Surgical stabilization versus N .
EBRT with or Diffuse painful Few metastases,
N o .
without VAT without VAT or SBRT EBRT VAT plus EBRT® or SBRT mekastasas with lacal pain

(3 or fewer metastases)

(3 or fewer metastases)

CRPC with ostecblastic

Osteclytic Other histologies with
metastases osteoblastic metastases bo".e metastases and
no visceral metastases
v ¥ v v
Large-field or Large-ﬁe!d or - R fo dioi h LE <6 months, poor PS,
hemibody irradiation Samarium-153 is an option for radivisatope therapy or extensive visceral metatases?
recurrent/diffuse bone pain with radium-2238 :

Yas No

¥ ¥

EBRT; if refractory, consider EBRT ¢ or SERT
SERT or local thermal ablation (2 or fewer metastases)

Assumes optimization of systemic therapy. First-line therapies for bone pain include adequate analgesia with nonsteroidal antiinflammatory drugs with or without
opioids. Osteoclast inhibitors recommended for most patients with bone metastases to enhance analgesia and prevent skeletal-related events.

VCF: vertebral compression fracture; LE: life expectancy; P5: performance status; EBRT: external beam radiation therapy; VA: vertebral augmentation; SBRT: stereotactic
body radiotherapy; CRPC: castration-resistant prostate cancer.

* Assess spine stability using a validated classification system such as the Spine Instability Neoplastic Score (SINS). Refer to UpToDate text.

9 VA is generally reserved for symptomatic osteolytic spinal metastases with an intact bone cortex and without epidural disease, spinal cord compression, or retropulsion
of bone fragments into the spinal cord.

A If observation is chosen, consider periodic repeat imaging and treat with EBRT if lesion progresses or there is an impending fracture.

< EBRT is the preferred option for most patients. SBRT could be considered for reirradiation or radioresistant malignancy (eg, renal cell sarcoma, melanoma). Refer to
UpToDate text.

g Most of the data on radiopharmaceuticals are in patients with metastatic prostate cancer; they could also be considered for others with diffuse ostecblastic painful
metastases versus large-field/hemibody irradiation.




Suggested algorithmic approach to local management for non-vertebral bone
metastases from solid tumors

Assess symphtoms, extent of metastatic disease,
and presence or absence of complete or impending
fracture in a weight-bearing bone*

Asymptomatic; no impending Symptomatic; no impending Fracture or impending fracture

fracture in a weight-bearing bone fracture in a weight-bearing bone in a weight-bearing bone*
Life expectancy <6 months, poor PS, Diffuse pain from Surgical consultation
or extensive visceral metastases? multiple metastases? for fixation, EBRT
N E— |
I 1
Yes Mo fes Mo
ob tion T Observation Assess the histology and EBRT:; if refractory, consider
servation or EBRT nature of the metastases SBRT or local thermal ablation

| |
CRPC with ostecblastic Other histologies with Osteoclytic

bon_e metastases and no osteoblastic metastases metastases
visceral metastases

v v v

Large-field or hemibody irradiation;
Samarium-153 is an option
for recurrent/diffuse bone pain

Large-field or
hemibody irradiation

Bone-targeted radicisotope
therapy with radium-223

Assumes optimization of systemic therapy. First-line therapies for bone pain include adequate analgesia with
nonsteroidal antinflammatory drugs with or without opioids. Osteoclast inhibitors are recommended for most
patients with bone metastases to enhance analgesia and prevent skeletal-related events. Algorithm not
applicable to patients with multiple myeloma.

PS: performance status; EBRT: external beam radiation therapy; SBRT: sterectactic body radiotherapy; CRPC:
castration-resistant prostate cancer.

= Assess fracture risk using a validated cassification system, such as Mirels scoring system. Refer to UpToDate text.
9 If observation is chosen, consider periodic repeat imaging and treat with EBRT if the lesion progresses or there is
impending fracture,

Copyrights apply
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Classification system for Spine Instability Neoplastic Score (SINS)

Component scores for clinical and
radiographic findings

Score

Spine location

Junctional {occiput-C2, C7-T2, T11-L1, L5-51)
Mobile spine (C3-C6, L2-L4)

Semi-rigid (T3-T10)

Rigid (S2-55)

Pain relief with recumbence (lying down) or pain with

movement/loading of the spine

Yes 3
No (occasional pain but not mechanical) 1
Pain-free lesion 0
Bone lesion quality
Lytic 2
Mixed lytic/blastic 1
Blastic 0
Radiographic spinal alignment
Subluxation/translation present 4
De novo deformity (kyphosis/scoliosis) 2
Normal alignment o]
Vertebral body collapse
=50% collapse 3
<50% collapse 2
No collapse with =50% body involved 1
None of the abave 0

replacement with tumor)

Posterolateral involvement of spinal elements (facet, pedicle, or costovertebral joint fracture or

Bilateral 3
Unilateral 1
None of the abave 0

The SINS score is generated by adding all of the scores from the six individual
components (minimal score is 0, maximal score is 18)

Score Classification Action
Oto 6 Stable spine
7to12 Indeterminant Possible impending instability, warrants
surgical consultation
13to 18 Instability Warrants surgical consultation
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Mirels scoring system to predict impending

pathologic fracture

i ] Radiographic | Degree
Score Size Site ]
nature of pain
1 1/3 of Upper Osteoblastic Mild
cortex extremity lesions
2 1/3 to Lower Mixed osteolytic | Moderate
2/3 of extremity and osteoblastic
cortex lesions
3 Maore Pertrochanteric | Purely osteolytic | Limits
than 2/3 region lesions function
of cortex
Points Fracture risk Recommendation
=7 <10% Observe
8 15% Consider fixation
=0 33% for @ points, »50% for | Prophylactic fixation
10 points or more

Mirels scoring system reproduced with permission from: Johnson SK, Knobf
MT. Surgical interventions for cancer patients with impending or actuaf

pathologic fractures. Orthop Nurs 2008; 27:160. DOI:
10.1097/01.NOR.0O00320543,90115.d5. Copyright © 2008 National

Association of Orthopaedic Nurses., Unauthorized reproduction of this
material is prohibited.




Lokalni lecba

* Intervencni radiologie — injekcCni aplikace kostniho
cementu nebo tkanoveho lepidla na bazi
polymetylmetakrylatu do postizeného mista pod
skiaskopickou kontrolou (vertebroplastika Ci
cementoplastika), zlepSuje mechanickou stabilitu obratlu
uleva od bolesti az u 75% pacientl

* Pouze jedna randomizovana studie potvrdila zlepseni QoL
a funkcniho stavu

* Indikace u symptomatickych osteolytickych spinalnich
metastaz

Tancioni F, Lorenzetti MA, Navarria P, et al. Percutaneous vertebral augmentation in metastatic disease: state of the art. J Support Oncol 2011;
9:4.Berenson J, Pflugmacher R, Jarzem P, et al. Balloon kyphoplasty versus non-surgical fracture management for treatment of painful vertebral body
compression fractures in patients with cancer: a multicentre, randomised controlled trial. Lancet Oncol 2011; 12:225.



Radioterapie

1. EBRT (zevni radioterapie)

— redukce bolesti u 50-80% pacientu
2. SBRT (stereotaktické ozareni)

3. Radionuklidy



EBRT

* Analgeticky efekt i zlepSeni stability kosti - kost po ozareni
reosifikuje, pocCet odpovédi 70-80%, odstranéni bolesti u
1/3, ve 40% do 10 dnu

* 8 Gy/ 1fr. — stejny analgeticky efekt, cost effective, nutnost
reirradiace v 20%, efektivni, 1 fr., zlepSeni QoL a mensi
toxicita nez delSi frakcionace... preferovano u bolestivych
nekomplikovanych meta

e 30 Gy/10 fr. — nutnost reirradiace v 8%
* Bez rozdilu v kontrole bolesti
* |nicialni bolesti tlumit analgetiky + dexamethason

Lutz S, Berk L, Chang E, et al. Palliative radiotherapy for bone metastases: an ASTRO evidence-based guideline. Int J Radiat Oncol Biol Phys 2011,
79:965..

Rich SE, Chow R, Raman S, et al. Update of the systematic review of palliative radiation therapy fractionation for bone metastases. Radiother Oncol.
2018;126:547e557.



SBRT

* u selektovanych pacientu s oligometastatickym postizenim
obratlu

* reirradiace
* vysoké (ablativni) cilené davky v 5 frakcich
* minimalizace davky do oblasti michy
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Abstract

Purpose: The purpose is to provide an update the Bone Metastases Guideline published in 2011
based on evidence complemented by expent opinion. The update will discuss new high-quality
literature for the 8 key guestions from the original guideling and implications for practice.
Methods and materials: A systematic PubMed search from the last date included in the ordginal
Guideline yielded 414 relevant articles. Ultimately, 20 randomized controlled mals, 32 prospective
nonrandomized studies, and 4 meta-analysespooled analyses were selected and abstracted into evidence
tables. The authors synthesized the evidence and reached consensus on the included recommendations.
Results: Available literature continues to support pain relief equivalency between single and multiple
fraction regimens for bone metastases. High-quality data confinn single fraction radiation therapy may be
delivered to spine lesions with acceptable late toxicity. One prospective, randomized tral confirms both
peripheral and spine-based painful metastases can be successfully amnd safely palliated with retreatment
for recurrence pain with adherence o published dosing constminis. Advanced radiation therapy
technigues such as stereotactic body radiation therapy lack high-quality data, leading the panel to favor its
use on a clinical trial or when results will be collected in a registry. The panel’s conclusion remains that
surgery, radionuclides, bisphosphonates, and kvphoplastyfvertebroplasty do not obviate the need for



Radionuklidy

* Systémove uziti — davka zareni do oblasti viceCetnych
lozisek, relativni Setreni zdravych tkani

* indikace: perzistentni Ci rekurentni multifokalni bolesti
skeletu po EBRT

* betazarice 89-stroncium, 153 samarium — RR 40-95%

* toxicita predikovatelna, prechodna, predevsim
hematologicka (anémie, trombocytopenie)

* efekt pomalejSi 2-4 tydny

Finlay 1G, Mason MD, Shelley M. Radioisotopes for the palliation of metastatic bone cancer: a systematic review. Lancet Oncol 2005; 6:392.



RADIUM 223

* Kostni metastazy u kastracne rezistentniho
metastatického ca prostaty



Radium-223 - cileny alfa zaric

*selektivni vazba na oblasti zvyseného kostniho obratu v kostnich
metastazach

edosah <100 um

*kratky dosah alfa Castic - toxické uCinky na sousedni zdrave tkané,
zejmena kostni dren jsou minimalni

*vysoka energie zareni alfa Castice indukuje dvouvlaknové zlomy DNA
silné a vysoce lokalizované cytotoxické ucinky v cilove oblasti

vyluCovan tenkym strevem, predevsim stolici
~ 63 % prijaté radioaktivity
je z téla vyloueno za < 7 dnu :

SOURCE: 1. Bruland OS, et al. Clin Cancer Res. 2006;12:6250s-7s. 2. Henriksen G, et al. Cancer Res. 2002,;62:3120-3125. 3. Henriksen G, et al. ] Nuc Med. 2003,44:252-59. 4.
Lewington VJ. J Nucl Med. 2005,;46(suppl):385-47S. 5. Liepe K. Curr Opin Investig Drugs. 2009,;10:1346-58. 6. McDevitt MR, et al. Eur J Nucl Med. 1998;25:1341-51. 7. Kerr C. Lancet
Oncol. 2002;3:453. 8. Li Y, et al. Expert Rev Anticancer Ther. 2004,4:459-68.



Radium-223: Fyzikalni vliastnosti

» Jednorazova sklenéna injekCni lahvicka - 6 ml roztoku

« Koncentrace radioaktivity: 1 000 kBg/ml (27 uCi/ml)
— Detekovatelna radné kalibrovanym meéfiCem aktivity

* Polocas rozpadu: 11,4 dne

* Rezim davkovani
— 50 kBg/kg télesné hmotnosti, podavano v 6 injekcich ve 4tydennich intervalech

* \VypocCet davkovani

télesna hmotnost (kg) x davka (50 kBg/kg télesné hmotnosti)
korekéni faktor rozpadu x 1 000 kBg/ml

Podavany objem (ml) =

.Xofigo® (radium Ra 223 dichloride) solution for injection Summary of Product Characteristics (SmPC). Berlin, Germany: Bayer Pharma AG; 2013. Nilsson S, et al. Int J Radiat Oncol
Biol Phys. 2010;78(3 suppl):S375-S376.



Radium-223: Skupiny pacientll s omezenim

echemoterapie soucasné podavana s radiem-223 muze pfispivat k supresi
kostni drene.

* akutni zanétliva onemocnéni strev

 odlozeni leCby az po ortopedicke stabilizaci jakychkoliv zlomenin nebo
po léCbé komprese michy

Xofigo® (radium Ra 223 dichloride) solution for injection Summary of Product Characteristics (SmPC). Berlin, Germany: Bayer Pharma AG; 2013.



RADIUM-223 PHASE Ill ALSYMPCA TRIAL

Parker C, et al. N Engl J Med. 2013;369(3):213-23.



ALSYMPCA: Design Studie
Primarni cil: OS

Pacienti (N=921)

" Rowrzeny symptomaticky Radiur.n-.223 (50 kBg/kg 1V)
« 22 kostni metastazy 6 injekci a 4-tydny
« Bez znamych visceralnich + nejlepsi standardni péceP

metastaz

» Post-docetaxel, nevhodnych
.ro docetaxel, nebo

STRATIFIKACE

* ALP:
<220 U/L vs 2220 U/L )
- Bisfosfonaty ano vs ne Placebo (saline)
- Docetaxel ano vs ne 6 injekci a 4-tydny

+ nejlepsi standardni péce®

* 136 center v 19 krajinach
* Planovany follow-up 3 toky

ALSYMPCA planovana interim analyza 809 pacientd po 314 umrtich. Aktualizovana

analyza 921 ucinnosti a bezpecCnosti zarazenych nemocnych po 528 umrtich

a. Unfit for docetaxel includes patients who were ineligible for docetaxel, refused docetaxel, or lived where docetaxel was unavailable.
b.Best standard of care defined as a routine standard of care at each center, e.g., local external beam radiation therapy, corticosteroids,
antiandrogens, estrogens (e.g., stilbestrol), estramustine, or ketoconazole.

SOURCE: Parker C, et al. N Engl J Med. 2013;369(3):213-23.



ALSYMPCA: cile

Primarni cil Sekundarni cile
* Celkové preziti * Doba do ALP progrese
» ALP odpovéd
* Doba do prvni SSE
’ * ALP normalizace
* Doba do PSA progrese
« Jiné sekundarni cile efektivity

» bezpecnost
ALSYMPCA hodnotila jako kostni « Kvalita zivota

pfihody pouze vznik symptomaticke
patologické kostni fraktury

ALP, alkaline phosphatase; PSA, prostate-specific antigen; SSE, symptomatic skeletal event.

a. See slides (“Other Secondary Efficacy Endpoints”) for more details.

b. Defined as return of total ALP to within normal range at 12 weeks [confirmed by two consecutive measurements >2 weeks apart] in patients
with total ALP values above upper limit of normal (ULN) at baseline.

c. Defined as 225% increase from baseline and an absolute value increase >2 ng/mL at 212 weeks [in patients with no PSA decline from baseline] or
>25% increase and an absolute value increase =2 ng/mL above nadir confirmed >3 weeks later, in patients with an initial decrease from baseline.

SOURCE: Parker C, et al. N Engl J Med. 2013;369(3):213-23.



ALSYMPCA Aktualizovana analyza
Radium-223 signifikantné prodluzuje celkové preziti

Aktualizovana analyza potvrzuje 30% redukci rizika amrti (HR=0.70) ve skupiné
pacientl lé¢enou radiem-223 ve srovnani se skupinou lééenou placebem

100 A
MEDIAN OS (mésice)
_ — Radium-223: 14.9
80 — Placebo:  11.3
vz(e)sstup HR (95% ClI): 0.70 (0.58-0.83)
X 60 - 3. P<0.001
=
SN
o
o 40 N
20 A
0 -

0 3 6 9 12 15 18 21 24 27 30 33 36 39

Mésice od randomizace

_Rad'tg'é 614 578 504 369 274 178 105 60 41 18 7 1 0 O

— Placebo 307 288 228 157 103 67 39 24 14 7 4 2 1 0

SOURCE: Parker C, et al. N EnglJ Med. 2013;369(3):213-23.



ALSYMPCA aktualizovana analyza:
Radium-223 prodluzuje OS napfri¢ vSemi podskupinami pacientll

Pacienti (n) MEDIAN OS (mésice)
Podskupina RADIUM-223 PLACEBO RADIUM-223 PLACEBO HR 95% ClI
Vichni pacienti 614 307 14.9 11.3 —o— 0.70 0.58-0.83
Total ALP
<220 U/L 348 169 17.0 15.8 ———H 0.82 0.64-1.07
>220 U/L 266 138 11.4 8.1 H—o— 0.62 0.49-0.79
Soucasné uzivani
bisfosfonatu
ano 250 124 15.3 11.5 —o— 0.70 0.52-0.93
Ne 364 183 14.5 11.0 H—o— 0.74 0.59-0.92
fonse i s e
docetaxelu
ano 352 174 14.4 11.3 —o— 0.71 0.56-0.89
Ne 262 133 16.1 11.5 —o— 0.74 0.56-0.99
vsiupni ECOG PS
0 nebo 1 536 265 15.4 11.9 H—o—i 0.68 0.56-0.82
>2 77 41 10.0 8.4 i ® i 0.82 0.50-1.35
Rozsah postizeni
<6 Metastaz 100 38 27.0 NE f @ | 0.95 0.46-1.95
6-20 Metastaz 262 147 13.7 11.6 —eo— 0.71 0.54-0.92
>20 Metastaz 195 91 12.5 9.1 —— 0.64 0.47-0.88
Superscan 54 30 11.3 7.1 [ O | 0.71 0.40-1.27
Lécba opioidy
Ano a 345 168 13.9 10.4 —o— 0.68 0.54-0.86
Ne b 269 139 16.4 12.8 H——o— 0.70 0.52-0.93

0.5 Favorizuje 1.0 Favorizuje 2.0

_Radium-223 Placebo

»
»

a. Zahrnuje pacienty se score 2 nebo 3 dle World Health Organization (WHO) Zebricku nddorové bolesti
b.zahrnuje pacienty bez bolesti nebo bez Iécby opioidy v tvodu a pacienty se score 1 dle WHO Zebricku nddorové bolesti.

SOURCE: Parker C, et al. N Engl J Med. 2013;369(3):213-23.



ALSYMPCA : aktualizovana analyza
Radium-223 signifikantneé prodluzuje dobu do SSE

100
MEDIAN doby do SSE (mésice)
80 - — Radium-223: 15.6
O\O prOleUienl’ —_— Placebo: 98
™ TTSSE HR (95% CI): 0.66 (0.52—0.83)
7] A=5.8
Y 60 A mésice P<0.001
]
o)
1= 40 -
Q
O
<
20 -
0 -
I 1 1 1 1 1 1 1 1 1 1
0 3 6 9 12 15 18 21 24 27 30
Meésice od randomizace
— Radium-

293 614 496 342 199 129 63 31 8 8 1
— Placebo 307 211 117 56 36 20 9 7 4 1

BSoC, nejlepsi standardni péce; SSE, symptomatické skeletdlni pfihody.
SOURCE: Parker C, et al. N Engl J Med. 2013;369(3):213-23.

Parker C, Lewington V, Shore N, et al. Targeted alpha therapy, an emerging class of cancer agents: a review. JAMA Oncol. 2018;4:1765e 1772



ALSYMPCA aktualizovana analyza: srovnani bezpecénostniho profilu
mezi ramenem Radium-223 vs Placebo

Pocet pacienti s AEs ve vice jak 25% v |Iécebném rameni

RADIUM-223 (n=600) PLACEBO (n=301)
Vsechny Vsechny
stupné, Stupen 3, Stupen 4, Stupen5, stupné Stupen 3, Stupen 4, Stupen 5,2
pfihoda n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Hematologické AEs
Anemie 187 (31) 65 (11) 11(2) 0 92 (31) 37 (12) 2 (1) 1(<1)
Thrombocytopenie 69 (12) 20 (3) 18 (3) 1(<1) 17 (6) 5(2) 1(<1) 0
Neutropenie 30 (5) 9(2) 4 (1) 0 3(2) 2 (1) 0 0
Ne-hematologické AEs
zacpa 108 (18) 6 (1) 0 0 64 (21) 4 (1) 0 0
prdjem 151 (25) 9 (2) 0 0 45 (15) 5(2) 0 0
Nausea 213 (36) 10 (2) 0 0 104 (35) 5(2) 0 0
zvraceni 111 (19) 10 (2) 0 0 41 (14) 7 (2) 0 0
Asthenie 35 (6) 5(1) 0 0 18 (6) 4 (1) 0 0
Uunava 154 (26) 21 (4) 3 (1) 0 77 (26) 16 (5) 2 (1) 0
Celkové fyzické zhorseni 27 (5) 9(2) 2 (<1) 5(1) 21 (7) 8 (3) 2 (1) 2 (1)
Periferni edémy 76 (13) 10 (2) 0 0 30 (10) 3(1) 1(<1) 0
horecka 38 (6) 3(1) 0 0 19 (6) 3(1) 0 0
Pneumonie 18 (3) 9(2) 0 4 (1) 16 (5) 5(2) 2(1) 0

. Hoskin P, Sartor O, O'Sullivan JM, et al. Efficacy and safety of radium-223 dichloride in
patients with castration-resistant prostate cancer and symptomatic bone metastases, with

or without previous docetaxel use: a prespecified subgroup analysis from the randomised, Trom bOCytOpen € G3+4 VySSI u

double-blind, phase 3 ALSYMPCA trial. Lancet Oncol 2014; 15:1397.
SOURCE: Parker C, et al. N Engl J Med. 2013;369(3):213-23.

(9% vs. 3%).

predléCenych docetaxelem



A final analysis of long-term safety data for up
to three years after the last dose of radium-223

* 1 nemocny z 405 — aplasticka anémie

* 0 pfipadu akutni myeloidni leukémie, myelodysplasticky
syndrom

* BMA zahajit pred aplikaci Alpharadinu!! ESMO guidelines

Parker CC, Coleman RE, Sartor O, et al. Three-year Safety of Radium-223 Dichloride in Patients with Castration-resistant Prostate Cancer and
Symptomatic Bone Metastases from Phase 3 Randomized Alpharadin in Symptomatic Prostate Cancer Trial. Eur Urol 2017.



Xofigo SPC

* Pripravek Xofigo v monoterapii nebo v kombinaci s
analogem hormonu uvolnujiciho luteinizacni hormon
(LHRH) je indikovan k léébé dospélych pacientu s
metastatickym kastracneé rezistentnim karcinomem
prostaty (NCRPC), symptomatickymi metastazami v
kostech a bez znamych visceralnich metastaz, jejichz
onemocneni progreduje po nejmeéne dvou predchozich
liniich systemoveé léCby mMCRPC (jiné nez analogy LHRH)
nebo ktefi nejsou zpusobili pro zadnou dostupnou
systemovou leCbu mCRPC



Kombinace
radium-223 + abirateron

* MCRPC, asymptomaticky, bez predchozi IeéCby cytostatiky —
abiraterone+PDN
* Ra 223 vs. Placebo
* nejmeéné jedna symptomaticka kostni pfihoda nebo smrt 49% vs 47%
* Skeletal related event free survival 22,3 més. vs. 26 més.

* 22% zvysSeni rizika kostni pfihody u Ra 223
* Fraktury 29% vs. 11 %

* Pouze 40% inhibitory osteoklastu
* Snizeni celkového preziti ve skupiné Ra 223 klinicky vyznamny, ne
statisticky ( 30,7 vs. 33,3 més, HR 1,195)

Smith M, Parker C, Saad F, et al. Addition of radium-223 to abiraterone acetate and prednisone or prednisolone in patients with castration-resistant

prostate cancer and bone metastases (ERA 223): a randomised, double-blind, placebo-controlled, phase 3 trial. Lancet Oncol 2019; 20:408.



ERA 223 zavéry

* The addition of radium-223 to abiraterone acetate plus
prednisone or prednisolone did not improve symptomatic
skeletal event-free survival in patients with castration-
resistant prostate cancer and bone metastases, and was
associated with an increased frequency of bone
fractures compared with placebo.

* Thus, we do not recommend use of this combination

Smith M, Parker C, Saad F, et al. Addition of radium-223 to abiraterone acetate and prednisone or prednisolone in patients with
castration-resistant prostate cancer and bone metastases (ERA 223): a randomised, double-blind, placebo-controlled, phase 3 trial.
Lancet Oncol 2019; 20:408.
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Bone modifying (targeted) agents

* Bisfosfonaty (BP)
* Monoklonalni protilatky — denosumab



Bone modifying (targeted) agents

Supplementary Table S1. Summary of antiresorptive treatments in cancer patients

Treatment Indication Typical administration

Treatment of bone metastases and myeloma bone disease

Denosumab?ab All solid tumours 120 mg s.c. every 4 weeks
Zoledronate®® All solid tumours and MM 4 mg I.v. every 3—4 weeks
Pamidronate®® Breast cancer and MM 90 mg i.v. every 3—4 weeks
Clodronate?® Osteolytic lesions 1600 mg p.o./day
Ibandronate® Breast cancer 50 mg p.o./day

6 mg i.v./month

a EMA-approved. b FDA-approved.

Coleman R, Hadji P, Body JJ, Santini D, Chow E, Terpos E, Oudard S, Bruland &, Flamen P, Kurth A, Van Poznak C,
Aapro M, Jordan K; ESMO Guidelines Committee. Electronic address: clinicalguidelines@esmo.org. Bone health in
cancer: ESMO Clinical Practice Guidelines. Ann Oncol. 2020 Dec;31(12):1650-1663.



Selekce BTA coleman 2020 ESMO Guidelines

* |Individualné u kazdého pacienta

* Zhodnoceni rizika SRE, celkového stavu nemocného, kontrola onemocnéni

* Vhodna suplementace Ca 500 mg -1 g denné, vitamin D3 (400-800 IU/den)

* Redukce morbidity, pfedevsim ve smyslu sniZzeni SRE, terapie hyperkalcémie

* Zahajujeme u vétsiny s kostnimi metastazami, zvazovat individualné u nemocnych s malou
pravdépodobnosti vzniku SRE, s limitovanym prezitim (progredujici jaterni metastazy pfi chemoterapii)

* (Cesta podani, preference nemocného
* Preferovan denosumab, ale bisfosfonaty cost efektivné;jsi

* zoledronat nebo denosumab
* Doporuceno zahajit u vSech nemocnych s ca prsu, prostaty (symptomatickych i asymptomatickych)

* Nadory plic, ledvin, a ostatni solidni tu s pfedpokladem preziti vice nez 3 mésice a klinicky signif.
kostnimi metastazami

* BTA zah3gjit v dobé dg. kostnich meta a zvazovat pokraCovani dle dalSiho vyvoje onemocnéni

* Bisfosfonaty mohou byt pferudeny po 2 letech u pacientt v remisi onemocnéni

* Zoledronat mozné podavat v deeskalacni davce a 12 tydnu, preferenéné po 3-6 mésicni terapii a 4 tydny
* Denosumab by mél byt podavan a 4 tydny

* Podani bisfosfonatl (zoledronat) k supresi rebound osteolyzy je doporu¢eno pokud byl denosumab vysazen
na vice nez 6 mésicu

Coleman R, Hadji P, Body JJ, Santini D, Chow E, Terpos E, Oudard S, Bruland &, Flamen P, Kurth A, Van Poznak C, Aapro M, Jordan K; ESMO Guidelines
Committee. Electronic address: clinicalguidelines@esmo.org. Bone health in cancer: ESMO Clinical Practice Guidelines. Ann Oncol. 2020 Dec;31(12):1650-
1663.



RANK ligand je zakladnim mediatorem
bludného kruhu kostni destrukce!

L
RANK ligand S

’/

Aktivované
osteoklasty

Osteoblasty

L

)

o Rustové faktory B
(napf. TNF, IL-1, TGF-B) 5

Ade .
TV

8 PDGF, BMP, TGF-B, |8 8
@ |GF, FGF, Ca?*

Upraveno podle Boyle WJ, et al. Nature 2003 a Roodman GD. N Engl J Med 2004.
1. Roodman GD. N Engl J Med 2004;350:1655—64.



Denosumab a bisfosfonaty prerusuji
bludny kruh

Denosumab izoluje volny
| RANK ligand a tim inhibuje
vznik, funkci a prezivani
osteoklastu

[ e,
@ e \. 2
I e Bisfosfonaty jsou pohlceny
osteoklasty. Inhibuji
esencialni enzymatické

Adapted from Roodman GD. N Engl J Med. 2004;350:1655-1664.



Dvé skupiny bisfosfonatu

Nedusikate BS | Dusikaté (nBS)
[
PO,H | O
CH,—C—OH CH,),—C—OH CH,—C—0OH
~ | @ & Prow-
PO;H, | POsH, PO;H,
etidronat (Didronel*) | pamidronat (Aredia***) zoledronat (Zometa***)
[
I PO-H PO.H
PO;H, I CH, |7 |22
H,),— C—OH — C—OH
Cl—C—Cl 3@: 2 CH;= 8
|:I>O H I CHy(CH,), PO;H, POsH,
32 I
klodronat (Bonefos**) I ibandronat (Bondronat****) risedronat (Actonel*)

"Procter & Gamble Pharmaceuticals **Schering ***Novartis Pharmaceuticals ****Hoffmann-La Roche



Praktické aspekty — vyber BMA

* klicové dulezita compliance pacientu k |éCbé

* peroralni IéCba (velikost tablet, uzivani nalacno a povinny
interval do nejblizSiho jidla, stejne tak GIT nezadouci
ucinky - dyspepsie a prujmy)

* mezinarodni guidelines - uprednostneni parenteralnino
podani

* hyperkalcémie — jednoznacna indikace i.v. podani nebo
S.C.



Denosumab - inhibice RANK ligandul

* Denosumab je plne humanni
monoklonalni protilatka, ktera
se vaze na lidsky RANK ligand
s vysokou afinitou
a specificitou?

* Vazbou na RANK ligand brani
denosumab aktivaci receptoru
RANK na povrchu osteoklastu
a jejich prekursorul

1. McClung MR et al. New Engl J Med 2006;354:821—31.
2. Stopeck AT et al. J Clin Oncol 2010;28:5132-9.
3. Fizazi K et al. Lancet 2011; Lancet 2011;377:813-22.
4. Henry DH et al. J Clin Oncol 2011;29:1125-32.



Integrovana analyza: shodny design studiit

denosumab
120 mg s.c. Q4W
N =5723 R i
A placebo
Karcinom prsu N i.V. QAW*
N =2 046 D (n = 2861)

. O denni suplementace
Karcinom prostaty M kalciem (= 500 mg) a vitaminem D (= 400 IU)
N=1901 |

Z zoledronova kyselina
Solidni nadory + mnohoéetny A 4 mg I.v. Q4W*
myelom CE: *

N=1776

placebo

S.C. Q4W
Vstupni kritéria: (n = 2862)
* Pacienti s 2 1 kostni metastazou/lézi

*Dle protokolu a SPC Zometa® byl i.v. pfipravek upraven dle vstupni clearance kreatininu a nasledné davkové intervaly stanoveny dle
sérového kreatininu

Q4W, kazdé 4 tydny

1. Lipton A, et al. Eur J Cancer 2012;48:3082-3092.



Signifikantne delsi cas (8,2 mesice) bez 1. SRE
denosumab vs. zoledronova kyselinat

100 ~
90 ~
80 -
70 -
60 -

40 -
30
20 -
10
0

Pacienti bez SRE (%)

50 -

Doba do prvni SRE
(n =5723)

W denosumab Mzoledronova kys.

0

pocet subjektd v riziku

zoledronova kys. 2 861
denosumab 2 862

|
6 12 18 24 30

Mésic ve studii
1596 991 522 178 26
1 666 1077 570 197 22

1. Lipton A, et al. Eur J Cancer 2012;48:3082-3092.

HR =0,83
(95% ClI: 0,76—0,90)
p < 0,001 (superiorita)

17 %
redukce

rizika

HR, hazard ratio



Signifikantné méné SRE denosumab
vS. zoledronova kyselina

1,6 -| Doba do prvni a dal$i SRE RR =0,82
© (n =5 723) (95% Cl, 0,75-0,89)
" 14— p < 0,001 (superiorita)
o
EQ 1.2 — 18%
GJ 1
S redukce
rizika
\g:g 1,0 =
5
D .= ]
E % 0,8
OE o
2 0,6
C
=
‘_g 0,4 SRE celkem:
5 02— denosumab: 1360
zoledronova kyselina: 1 628
0’0 | 1 | 1 | 1 | 1 |

O 3 6 9 12 15 18 21 24 27 30 33 36

Mésice ve studii

PFihody v odstupu minimalné 21 dni (analyza mnohoc&etnych udalosti)
Upraveno podle Lipton A, et al. Eur J Cancer 2012;48:3082-3092. RR, pomér Cetnosti



Vybrane vysledky bezpecCnosti

incidence, n (%) zoledronové kys. | denosumab
Infek&ni AE 1218 (42,9%) 1233 (43,4%)
Zavazné infekéni AE 309 (10,9%) 329 (11,6%)
Reakce akutni faze (prvni 3 dny) 572 (20,2%) 246 (8,7%)
Kumulativni ¢etnost ONJ | 37(1,3%) |
Rok 1 | 15(0,5%) | | 22 (0,8%)
Rok 2 28 (1,0%) 51 (1,8%)
Hypokalcémie 141 (5,0%) 1273 (9.6%) |
Nova primarni malignita | 18 (0,6%) | | 28(1,0%) |

Neni nutné monitorovani renalnich funkci, nicméné pacienti se zavaznou renalni
nedostateCnosti maji vyssi riziko hypokalcémie a hypofosfatémie, Castéjsi
kontroly!!

Upraveno podle Lipton A, et al. Eur J Cancer 2012 a Lipton A et al. Poster na ESMO 2010 [Abstrakt 1249P].



Meta analyza 14 studii faze lll, 10192 pacientu

1. redukcli rizika SRE
— denosumab > placebo or 0,49, 95% cI: 0,37-0,75
— zoledronat > placebo oro0,57,95% clI:0,41-0,77
— pamidronat > placebo or 0,55, 95% CI: 0,41-0,72
— Ibandronat bez redukce

2. redukce rizika patologickych fraktur
— denosumab > placebo or 0,50, 95% cI: 0,32-0,79
— zoledronat > placebo oro0,61, 95% Cl: 0,43-0,86

3. Redukce nutnosti radioterapie
— denosumab > placebo or 0,51, 95% CI: 0,35-0,75
— pamidronat > placebo or 0,67, 95% CI: 0,52-0,86
— zoledronat > placebo or 0,70, 95% CI: 0,52-0,96

Efektivnéjsi denosumab

Wang et al.: Systematic literature review and network meta-analysis comparing bone-targeted agents for the prevention of skeletal-related events in cancer
patients with bone metastasis, Oncologist 2015 Apr;20(4):440-9.



Toxacity comparison for bisphosphonates versus

denosumab
Denosumab Bisphosphonates

Route of Subcutaneous Intravenous
administration
Osteonecrosis of the 4 4
jaw
Hypocalcemia ® ®
Nephrotoxicity 4
Atypical femoral ) 4 4
fractures
Renal 4
elimnation/need for
dose adjustment in
renal insufficiency
Flu-like symptoms 4
(acute-phase
reaction)
Bone, joint, muscle 4
pain

Copyrights apply
.



AL a4 A4

Nejcastejsi nezadouci ucinky BTA

Zpusob Renalni

RPN podani  toxicita

RAF **  Dyspepsie  Prdjem ONJ ***

Bisfosfonaty

Klodronat 1500 mg V. + 0 0 0 0
Klodronat 800 mg (2x) p.O. 0 0 + ++ 0
Klodronat 520 mg (2x) p.O. 0 0 + ++ 0
Ibandronat 6 mg V. 0 + 0 0 +
Ibandronat 50 mg p.O. 0 0 + 0 0
Zoledronat 4 mg V. ++ ++ 0 0 ++
Pamidronat 90 mg V. ++ ++ 0 0 ++
MAB *

Denosumab S.C. 0 + 0 0 ++

* MAB — monoklonalni protilatka; **RAF — reakce akutni faze; *** ONJ — osteonekréza Celisti



BF, aplikace, toxicita

* P.o. - klodronat, ibandronat — nizsi biolog. dostupnost
léCiva, vice GIT NU, nizsi compliance, | vyznamna renalni
toxicita

* |.v.— lepsi farmakokinetika, jednoznacna indikace
u hyperkalcémie, toxicita zavisi na druhu, davce, rychlosti
a frekvenci podani

* Snizeni davky a zpomaleni rychlosti aplikace
| akutni toxicitu

* Prodlouzeni intervalu mezi jednotlivymi aplikacemi
| chronickou toxicitu

Diel, 1.J., Bergner, M.D., Grotz, K.A. Adverse effects of bisphosphonates: current issues. J Support Oncol 2007; 5: 475-482



Preventivni opatreni - renalni funkce

Po zahajeni lécby:

« Stanoveni seroveho kreatininu pred podanim kazde
davky kys. zoledronoveé

* Pri zjisténi poruchy renalni funkce béhem |écby
vysadit kys. zoledronovou a |é¢bu znovu zahajit pri

navratu hodnot kreatininu do rozmezi 10 9% od
vychozi hodnoty

* Pri pretrvavajici renalni poruse a klin. nutnosti
pokracovani v |é¢bé — snizeni davky a prodlouzeni
doby infuze



Redukce davky a rychlosti podani BP
pri renalni dysfunkci

Clearance
kreatininu pamidronat zoledronat ibandronat
(ml/h)
> 90 90 mg/2 h 4 mg/15 min 6 mg/1lh
Prodlouzit délku . .y
60 — 90 aplikace na 90 mg/4 h 4 mg/15 min Plna davka
30 - 60 3 mg/15 min Plna davka
Podani se Podani se Redukce davky na
<30 . .
nedoporucuje nedoporucuje 2 mg/lh

U zoledronatu a pamidronatu se doporucuje kontrola renalnich funkci pred zahajenim
|éCby a pred kazdou aplikaci.

U ibandronatu je vhodna kontrola renalnich funkci na zacatku lecby; prubézné kontroly
pred jednotlivymi aplikacemi nejsou nutné.

Cleeland CS, Patrick DL, Fallowfi eld L, et al. Effects of denosumab vs zoledronic acid (ZA) on pain in patients (pts) with advanced cancer and bone metastases: an integrated analysis of 3 pivotal
trials. Ann Oncol 2010; 21 (Suppl. 8), Vviii380.



Osteonekroéza Celisti (ONJ):

Definice ONJ

* Odhalena kost v maxilofacialni oblasti
objevujici se v souvislosti se
stomatologickym zakrokem nebo i
spontanné

* Bez znamek hojeni po 6 tydnu pres
odpovidajici stomatol. péci

* Bez metastatického postizeni a
osteoradionekrozy

Diagnostika Klinicky: odhalena kost, pistel

« Zobrazovaci metody: panoramaticky RTG
snimek, CT

* Indidence lehce vysSi, ne signifikantné u
vs. bisfosfonaty(1.9 vs 1.3%) st.
F. I

Henry DH, Costa L, Goldwasser F, et al. Randomized, double-blind study of
denosumab versus zoledronic acid in the treatment of bone metastases in

a Refer f iate dental evaluation and h ; :
posesi?)rleor appropriate dental evaluation and care as soon as patients with advanced cancer (excluding breast and prostate cancer) or

Weitzman R, et al. Crit Rev Oncol Hematol. 2007;62(2):148-152. multiple myeloma. J Clin Oncol 2011; 29:1125.


https://www.uptodate.com/contents/denosumab-drug-information?source=see_link

ONJ — vyskyt / rizikové faktory

Vyskyt

"Incidence: retrospektivni analyzy: 1-7 %
prospektivni studie (MM): 3,7 9% (follow-up 4 roky)
vyskyt ve vSech reg. studiich se ZOL: 0,1 9%

=Cca 60 9%, pripadd vzniklo v souvislosti se stomatologickym

zakrokem

=Riziko vzrasta s davkou a délkou |écby

=Casté&jsi vyskyt u BC a MM

=Se zavedenim preventivnich opatieni vyskyt vyznamné klesa

Rizikove faktory

=chemoterapie, radioterapie poruchy koagulace
=|éCba glukokortikoidy cévni poruchy
"infekce anéemie
"onemocnéni periodontu koureni

=malnutrice pozivani alkoholu




ONJ — preventivni opatreni a opatreni béhem lécby

Pred zahajenim léCby

Stomatologické vysetreni v€etné panoramatického snimku Celisti

*PFipadna sanace fokust infekce ¢i problémovych zubu

=ZvySena hygiena dutiny ustni; zajisténi dobré fixace zubnich protéz protéz

V prubéhu lécby

»Stomatologicky zakrok jen pokud naprosto nezbytné
*Preference co nejméneé invazivniho zakroku
nZakrok vzdy s ATB profylaxi (penicilinova ATB, makrolidy)
*Docasné preruseni lécby:
*Neexistuji data dokladajici velky vyznam vhledem k dlouhodobé retenci BPs v kostech

*Nicméné mozno zvaZzit doCasné preruseni lecby (cca 2 mésice pred az 2 mésice po
zakroku)




Osteonekroza celisti - Iécba

Odhalena/nekroticka kost u
asymptomatickych pacient(
bez znamek infekce

Lécba:

 Antibakterialni ustni voda
(napf. chlorhexidin)

» Bez chirurgického zakroku

Ruggiero SL, et al. Aust Endod J. 2009;35(3):119-130.

Odhalena/nekroticka kost
spojena s bolesti a
klinickymi pfiznaky infekce

Lécba:

 Antibakterialni ustni voda

- Sirokospektra p.o.ATB
(peniciliny Iekem volby;
event. makrolidy

* Analgetika

* Pouze povrchovy
debridement

Odhalena/nekroticka kost
spojena s infekci a
patologickou frakturou,
extraaortalni pistéli nebo
osteolyzou presahuijici dolni
okraj mandibuly

Lécba:

» Antibakterialni ustni voda

- Sirokospektra p.o.ATB

 Analgetika

* Chirurgicky debridement
nebo resekce

American Association of Oral and Maxillofacial Surgeons.Postion Paper on bisphosphonate-related osteonecrosis of the jaw; April 2009



Kombinace BF s cilenou lécbou

« Bevacizumab, sunitinib muze zvySovat riziko vzniku ONJ

Ramirez L at al.. New Non-Bisphosphonate Drugs that Produce Osteonecrosis of the Jaws, Oral Healt Prev Dent 2014



Atypické zlomeniny femuru

« Subtrochantericka oblast a diafyza femuru

* Pri podani denosumabu i BF

« Specifické RTG obrazy (transversaln linie zlomu,
periostalni callus) + klinické symptomy ( prodromalni
bolest, bilateralita)

* Riziko nizké, 3,2 - 50 pfipadu na 100 000
léCenych/rok, dlouhodobé uziti zvySuje riziko! (Castéjsi
u dlouhodobé terapie — median 7 let, snizeni rizika po
vysazeni)

Black DM, Abrahamsen B, Bouxsein ML, et al. Atypical femur fractures: review of epidemiology, relationship to bisphosphonates,
prevention, and clinical management. Endocr Rev. 2019;40:333e368.



Optimalni délka lécby pomoci bisfosfonatu ??

* Od okamziku diagnozy kostnich metastaz minimalné po

dobu 6 mésicu (potvrzena redukce po¢tu SRE) a dale po
dobu asi dvou let.

* Vice nez dva roky — individualné

e Zol standardné a 4 tydny vs. méné frekventni podani:
nejmene 2 klin. studie vyloucCily noninferioritu (interval 12
tydnu vs. 4 tydny) u mBC (stabilizace po roCni inicialni
lécbé a 4 tydny iv. BF)

Woo SB, Hellstein JW, Kalmar JR. Systematic review: Bisphosphonates and osteonecrosis of the jaws. Ann Intern Med. 2006;144:753-761.

Lenart BA, Neviaser AS, Lyman S, et al. Association of low-energy femoral fractures with prolonged bisphosphonate use: a case control study. Osteoporosis
International. 2009;20:1353-1362

Hortobagyi GN, Lipton A, Chew HK, et al. Efficacy and safety of continued zoledronic acid every 4 weeks versus every 12 weeks in women with bone metastases from breast
cancer: Results of the OPTIMIZE-2 trial. J Clin Oncol 32:5s, 2014 (suppl; abstr LBA9500). http://abstracts.asco.org/144/AbstView_144 129791.html (Accessed on June 04,
2014)..



OPTIMIZE-2 trial - mBC

* - minimalné 9 davek zol nebo pam, 400 zen

randomizace zol interval 4 vs 12 tydnu )
* bez rozdilu SRE (23.2 vs 22 %)

* podobny Cas do prvni SRE (hazard ratio [HR] 1.06, 95% CI 0.70-
1.60)

* ONJ 2 pacientky, v rameni a 4 tydny

* Podobné vysledky klinicka studie ZOOM

Amadori D, Aglietta M, Alessi B, et al. Efficacy and safety of 12-weekly versus 4-weekly zoledronic acid for prolonged treatment of patients with bone metastases from breast
cancer (ZOOM): a phase 3, open-label, randomised, non-inferiority trial. Lancet Oncol 2013; 14:663.

Hortobagyi GN, Van Poznak C, Harker WG, eet al.. Continued treatment effect of zoledronic acid dosing every 12 vs 4 weeks in women with breast cancer metastatic to bone.
JAMA Oncology 2017.



CALGB (Aliance) trial 70604

* 1822 pacientu s kostnimi MT ( 833 BC, 764 PC, 270
myelom, 45 ostatni)

e Zoledronat a4 tydny vs. 12 tydnu po dobu 2 let

* bez signifikantniho rozdilu v po€tu pacientu s alespori 1
SRE (29.5 vs 28.6%), v Case do 1. SRE, ve skore bolesti
nebo ve frekvenci a zavaznosti AE

* Vice nemocnych vyzadovalo chirurgicke pristupy
* Incidence ONJ nizka a obdobna v obou ramenech

Himelstein AL, Foster JC, Khatcheressian JL, et al. Effect of Longer-Interval vs Standard Dosing of Zoledronic Acid on Skeletal Events in Patients With
Bone Metastases: A Randomized Clinical Trial. JAMA 2017; 317:48.

Yang M, Yu X. Management of bone metastasis with intravenous bisphosphonates in breast cancer: a systematic review and meta-analysis of dosing
frequency. Support Care Cancer. 2020;28(6):2533e2540.



ESMO guidelines 2020 - Coleman

Definite diagnosis

:

N

Metastatic bone disease

v

4

N
Myeloma bone disease

!

Initiate BYA with
zoledronic acid, pamidronate or

denosumab

Yes
4
Consider interrupting BTA Continue BTA with
after 24 months® zoledronic ackd 3-monthly

N " 5
Muitiple bone metastases Olgometastatic bone disease
£ ‘
Extensive extraskeletal
disease or life expectancy
<3 months
l J
N A
Initiate BTA with Initiate BTA with Review the need
zoledronic acid or denosumab zodedronic acid 3-monthly for BTA reguiarty
(dally oral Ibandronate or clodronate may /
be considerad in breast cancer)
Patient achieves
CR or good PR
Patient achieves CR or good PR l
N
l Consider interrupting BTA after 24 months*

Continue BYA with
zoledronic acid 3-monthly

l

Disease progression

l

AV
Resume BTA

Disease progression

Resume BTA




Terapeutické indikace zoledronat (SPC):

- Prevence kostnich pfihod (patologickych zlomenin, kompresivnich
zlomenin obratlu, radiacni nebo chirurgicka |é€ba kosti nebo nadorem
indukovana hyperkalcemie) u dospélych pacientu s pokroCilou formou
maligniho nadorového onemocneni postihujici kosti.

- Lé¢ba dospélych pacientu s hyperkalcemii vyvolanou nadorovym
onemocnénim (TIH).

Zoledronat indikaéni omezeni SUKL
pro parenteralni podani o sile 4mg je hrazena:

1. U pacientt s destrukci kosti a hyperkalcémii provazejici zhoubné nadory
s kostnimi metastazami nebo bez nich

2. V 1. linii 1éEby osteoblastickych a smiSenych kostnich metastaz solidnich
tumord

3. V lécbé osteolytickych Iézi mnohocetného myelomu.



Xgeva SUKL+ SPC 9/2021

« SPC: Prevence kostnich prihod (skeletal related events,
SRE) (patologicke fraktury, misni komprese, stavy
vyzadujici radiacni léCbu kosti Ci kostni operaci) u
dospelych s pokrocCilymi malignitami postihujicimi kosti

* Denosumab je hrazen v prevenci kostnich prihod u
dospélych pacientu s nadorovym onemocnénim s
osteolytickymi, osteoblastickymi nebo smisenymi
kostnimi metastazami solidnich tumoru.



Modra kniha COS

Optimalni délka Ié€by neni stanovena. Ve vétsiné klinickych studii s BP byla
lé€ba zkoumana po dobu 2 let. V individualnich pripadech je mozné v lécbhé
pokracovat delsi dobu.

Lze konstatovat, ze rezim s 12tydenni aplikaci ZOL je stejné uc€inny a o néco
méneé toxicky nez 4tydenni rezim a vzhledem k vyhodnéjsimu rezimu aplikace z
hlediska pacienta i poskytovatele péce, ho lze doporuéit.

Objevuji se data, ze 12tydenni interval i v pripadé denosumabu prokazuje
srovnatelné vysledky, nicméné na definitivni zhodnoceni je potreba vyckat na
vysledky studii s adekvatnim poctem pacientti a proto se v bézné klinické praxi
nadale doporucuje podavani a 4 tydny.2®

BMA oddaluji vznik skeletalnich pfihod, snizuji bolest a zlepsuji kvalitu zivota

Zoledronova kyselina je neju€¢innéjsim bisfosfonatem, je doporuc¢ovan rezim
aplikace kazdych 12 tydnu

Denosumab je u€innéjsi nez zoledronova kyselina v prevenci SRE
Pred zahajenim terapie BMA je vhodna stomatologicka kontrola
Soucasné s podavanim BMA se doporucuje podavat kalcium a vitamin D3

Terapie BMA se ukonc€uje pfi vyrazném zhorseni stavu pacienta nebo pri
vyznamné toxicité



ESMO guidelines 2020 — ubytek kostni hmoty z
duvodu protinadorové terapie

* Antiresorpcni terapie se doporucuje
* u zen, které dostavaji IA nebo OFS
* u muzu na ADT (androgen deprivacni terapie) > 6 mésicu s kostni
demzitou T skore <-2 nebo s 22 rizikovymi faktory pro zlomeninu
* Denosumab 60 mg kazdych 6 mésicu je |é€ba prvni volby k
prevenci zlomenin u muzu s ADT a postmenopauzalnich Zen
s casnym karcinomem prsu s nizkym rizikem recidivy
onemocneéni ( mozné zol a 6 meés., p.o. BF))
* Doporuceni:
* dieta bohata na vapnik,
* cviCeni, stop koureni, omezeni alkoholu,

* vitamin D3 1000- 2000 IU,

* pokud dieta neni stateCna k zajisténi prijmu Ca, pak 500-1000 mg
denneé p.o.



T score >-2.0
and no additional risk factors

v

N

Exercise
Calcium and vitamin D

!

N

Monitor risk and
BMD at 1-2-year
intervals®

Patient with cancer
receiving chronic endocrine treatment

known to accelerate bone loss®

Any 2 of the following risk factors:

* Age >65

* Tscore <-1.5

* Smoking (current and history of)

* BMI <24

* Family history of hip fracture

* Personal history of fragility fracture above age 50
 Oral glucocorticoid use for >6 months

|

T score <-2.0

Exercise
Calcium and vitamin D

Denosumab or bisphosphonate therapy®?

!

Monitor BM

N

D every 2 years

Check compliance with oral therapy®

ADT, androgen deprivation therapy; Al, aromatase inhibitor; BMD, bone mineral density; BMI, body mass index; DXA, dual X-ray

absorptiometry; ONJ, osteonecrosis of the jaw.

a Include Als and ovarian suppression therapy/oophorectomy for breast cancer and ADT for prostate cancer.
b |f patients experience an annual decrease in BMD of 210% (or 24%—-5% in patients who were osteopenic at baseline) using the
same DXA machine, secondary causes of bone loss such as vitamin D deficiency should be evaluated and antiresorptive therapy

initiated. Use lowest T score from spine and hip.

¢ Six-monthly intravenous zoledronate, weekly oral alendronate or risedronate or monthly oral ibandronate for the duration of

endocrine treatment/for up to 5 years.

d Denosumab as first-line treatment followed by bisphosphonates (together for up to 5 years).
€ Although ONJ is a very rare event with bone protection doses of antiresorptives, regular dental care and attention to oral health is

visable




Prevention of treatment induced bone loss

Denosumab?®P Prostate cancer on ADT 60 mg s.c. 6-monthly

Denosumab® Breast cancer 60 mg s.c. 6-monthly

Zoledronate Breast cancer® 4 mg i.v. 6-monthly
Prostate cancer on ADT® 5 mg i.v. 12-monthly

Alendronate Breast cancer® 70 mg p.o./week

Prostate cancer on ADT®

Risedronate Breast cancer® 35 mg p.o./week

Prostate cancer on ADT®

Ibandronate Breast cancer® 150 mg p.o./month

Prostate cancer on ADT®

Pamidronate Not recommended 90 mg i.v. every 3 months

ADT, androgen deprivation therapy; EMA, European Medicines Agency; FDA, United
States Food and Drug Administration; i.v., intravenous; MM, multiple myeloma; p.o.,
orally; s.c., subcutaneous. a EMA-approved. b FDA-approved. ¢ Not approved by
regulatory agencies but recommended by international guidelines



Prevence metastaz - ca prsu
— ESMO guidelines 2020

* RUzné vysledky

* Metaanalyza z roku 2017 prokazala vyhodu uziti adjuvantnich
bisfosfonatu u postmenopauzalnich zen (snizeni rekurenci
predevsSim v kostech a snizeni umrti na ca prsu) u
1;E)osizme)nopauzéln|’ch zen ( nebo premeno + suprese ovatr.
unkce

* BTA u ¢asného karcinomu prsu dvoji funkci: inhibici metastaz a
prevenci Ubytku kostni hmoty zpusobeného Ié¢bou.

* Inhibice metastaz: u pacientu se stfednim az vysokym rizikem
recidivy.

* zoledronat, spolu s (neo)adjuvantni ChT a pote podavany
kazdych 6 mésicu

* denné ibandronat nebo klodronat p.o.
* Optimalni doba terapie neni znama (2-5 let)

EBCTCGAdjuvant bisphosphonate treatment in early breast cancer: meta-analyses of individual patient data from randomised trials
Lancet, 386 (2015), pp. 1353-1361



Algorrlthm for use Is the patient postmenopausal?®
bone-targeted
treatments in early

breast cancer

(Neojadjuvant treatment plan includes
ovarian suppression therapy Planned ChT
or oophorectomy

No No
N vV
No oncological or e s Adverse prognostic
cancer treatment reason PI'ESCI;:EH:;V. (znoéggg,"l;s;?g:ng X3 factors >12% 10-year risk
for recommending BTA g ! of breast cancer death
Patient choice of treatment option Yes No

. : Access fracture risk
i.v. zoledronic acid and use bisphosphonates

Daily oral ibandronate
or clodronate until 36 months“* 4 mg (0), 6, 12,18, 24, 30 and 36 months®* or denosumab according

to CTIBL guidelines

BTA, bone-targeted agent; ChT, chemotherapy; CTIBL, cancer treatment-induced bone loss; i.v., intravenous; IUD, intrauterine
device; FSH, follicle-stimulating hormone.

a |f not clinically assessable (i.e. hysterectomy/IUD) then ensure age >55 and/or serum FSH is in postmenopausal range (patient
must not be receiving concurrent therapies that can affect the hypophyseal pituitary gonadal axis).

b Patients already on weekly oral bisphosphonates for osteoporosis should be considered for a treatment change and follow
algorithm.

¢ Include vitamin D3 800—2000 IU (plus calcium 1000 mg daily if low calcium diet).

May switch from oral to i.v. therapy or vice versa if tolerability issues.

ion of treatment is not well defined and may vary between 2 and 5 years.




|
Prevention of breast cancer metastases

Zoledronate

Postmenopausal early breast cancer®

4 mg i.v. 6-monthly

Zoledronate

Postmenopausal early breast cancer®

4 mg i.v. monthly x 6-
then 3—6-monthly

Clodronate Postmenopausal early breast cancer® | 1600 mg p.o./day
Ibandronate Postmenopausal early breast cancer® | 50 mg p.o./day
Denosumab Not recommended

60 mg s.c. 6-monthly

Prevention of prostate cancer metastases

Denosumab

ADT, androgen deprivation therapy; EMA, European Medicines Agency; FDA,
United States Food and Drug Administration; i.v., intravenous; MM, multiple
myeloma; p.o., orally; s.c., subcutaneous. a EMA-approved. b FDA-approved. c

Not recommended

120 mg s.c./month

Not approved by regulatory agencies but recommended by international

guidelines




Zaver
e Spravna diagnostika, multioborova spoluprace
* Kombinace lokalni a systémoveé leCby
* |_éc¢ba inhibitory osteoklastu je sou€asti |éCby

metastatickeho postizeni skeletu zalozené na terapii
primarniho nadoru

* Volba na zakladé compliance
pacienta, nezadoucich ucinku
* Prevence a spravny
management
nezadoucich ucinku

o VN TN
WeALL have) JRNT VY
abitofthe | \QGuE& ™7 \ |
‘Big Picture!’




