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Metastases

Clinical Relevance and Prognosis of Bone

vViyeloma /9-100 /0 - 99
Renal 190 20 - 25
vielanoma 407 14 -45
Sladaer; 02 4(
Iinyroid ‘AT oV
Lung 500 50 - 40

Breast 1,993 99 - 73
Prostate 99 - 73




Table 14—1. Relative Frequendies of Spinal IMetastases According to Location of Spinal Involvement

Intradural
Exbradeeral Extrameduliary

Azt hor Tobad Mo 7 %N\

Rogers and Heard {195&) 17 16 04
Barron etal. {1959)

Edelson et al. (1972) 169

Perrin et al. (1982)

Table 14—2. Relative Frequendies of Spinal Metastases According to Level of Spinal Involvement

Cemical Thorcic

Azdthor Tobal Mo, % Mo, %

Seorensen etal. (1904)* S7 3 S 33 S&
Helweg-Larsen (1903) 7 4.6 102

Tatsui et al. (1996) @93

IMaranzano et al. (1997) 49 4 25

Schiff et al. {1908) 337 10

Brovn et al. (19609) 40 13

Khaw et al. {1990)* 160 7

Kovner et al, {1999) &5 3 45

Rompe etal. (1960)* 108 9 764
Totals 1632 m 826

S
“In these shadies, totals in fhe lurmbosacral cohiren refer to lurobar incoberent ondy.

Spinal Axis Metastasis, Perrin RC, 2002

“Metastatic lesions occur at multiple non-contiguous
levels in 38% to 58% of cases....”

Current Surgical Management of Metastatic Spinal Disease, Gerszten PC, 2000




THE FUNCTION OF THE VERTEBRAL VEINS AND THEIR
ROLE IN THE SPREAD OF METASTASES*

Ouscar V. Barsown, M.A., M.D.
Puiaperenis, Pa.
FROM THE GRATWATE SCHOOL OF MENICTNE, UNIVERSITY OF PENNSTLVANIA, FHILADELFHIA, rA.
METASTATIC ABSCESSES and metastatic tumors can appear in locations
that do not seem to be in line of direct spread from their primary focus.

There is ev d tases. Em-
pirically, th oma of the
prostate w ') bsions in the
pelvis. Ad - typical and
peculiar dis ‘_-‘:‘-; b me, is not
at all that \a’ krren, et al?
It is not ¢ ;:': omic system
into which =., s plexiform
mniﬁcaticrnl -m ne, and the
adjacent wi Ve it the archi-
tecture of t] <% —. Intage of the
pelvic anast) g-i connections
and th‘.! col 5'. hn:lrsze of thllﬁ
prostatic pld ‘& peins of this
region are ' toward the
sacral veno preliminary
report was s, in Phila-
delphia, Jag - Sacrum in
Relation to rk has been
continued a i the vessels
of the head| background
for this stull organs in
other regio ered. This
has led to 4 ) ) ) o s in normal

plysiclogy. | e, reiSinalicy of 25T ST ISR

ous regions of the bocdy throush

By panes the el the pare
Experin] *7 the pulmonary vein systems. the dorsal
vein of the Lnd injected

a thick radiopaque material toward the pelvis. Specifically, we used Weber's,

* Part of the material of this paper was given in an address before the Philadelphia
Laryngologic Society, March 5, 1040, under the title, “The Circulation of the Head, Espe-
cially Venous, with Reference to Osteomyelitis, Brain Abscess and Malignant Metastasis."
Part was also presented before the Philadelphia Neurologic Society, March 22, 1040,

under the title, “The Cerebrospinal .
. . Fic. s.—Composite ant =
Submitted for publication June male cadaver after imjoction of iopaque .
a venule of the left breast. Note the extensive filling of the
38 vertebral weins, the superior tudinal sinus, transverse
sinus as well as in other dural cerebral veins,




Cellular pathways associated with bone metastases
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Skeletal Complications in Large,
Randomized Trials: Placebo Arms

— frattura

— Compressione W Pathologic fracture

52 K midollare B Radiation therapy
507 3 B Surgical intervention
40 37 B Spinal cord compression

34 \ a5 34

25

Patients With SRE, %

s K]

5 1 4 5 4

Breast' Multiple Myeloma*2 Prostate? NSCLC + Other
24 mos 21 mos 24 mos Solid Tumors®
PANE

*21-month data except for surgical intervention and spinal cord compression, for which only 9-month data
are available.

1. Lipton A, et al. Cancer. 2000;88(5):1082-1090. 2. Berenson JR, et al. J Clin Oncol. 1998;16{2):593-602. 3. Saad F,
et al. Presented at the 2003 Annual Meeting of the American Urological Association; April 26 - May 1, 2003:
Chicago, lllinois. Abstract 1472. 4. Rosen LS, et al. Cancer. 2004;100:2613-2621.
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Impact on Survival:
Fractures Negatively Affect Survival

* Pathologic fractures correlate with a
significantly increased relative risk of death?:2

—|Breast cancer 1.52 (1.28, 1.81) P <.0001
— Multiple myeloma 1.44 (1.06, 1.95) P = .02
—|Prostate cancer 1.29 (1.01, 1.65) P=.04
— Lung cancer / Other 1.08 (0.87,1.34) P= .49

1. Hei Y, et al. Presented at: 28th Annual SABCS, 2005, Abstract 6036.
2. Saad F, et al. Presented at: ECCO 2005. Abstract 1265.



Preventing SREs Reduces Cost of Managing
Breast Cancer Patients With Bone Metastases

140 -

- $115,542

O SRE-related costs
B Non-SRE-related costs

100 -

Healthcare costs,
$ % 1,000
& 8 83

N
(=]
1

|

A =$48,173

$67,369 1

SRE
(n = 201)

SRE = Skeletal-related event.

No SRE
(n =201)

Data from Delea T, et al. J Support Oncol. 2006;4:341-347.
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[CANCER RESEARCH 35, 368 -T2, July 15, 1993)

Distant Metastases from Prostatic Carcinoma Express Androgen Receptor Protein’

Alfred Hobisch, Zoran Culig,” Christian Radmayr, Georg Bartsch, Helmut Klocker, and Anton Hittmair
Deparmments of Urclogy [A. Ho.,. Z C.. C. R, G. B.,. H. K | ond Pathology [A. Hi . University of Innsbruck, A-G020 Innsbruck, Austria

Table 1 AR and PSA expression in prostatic carcimoma melasiases

Expression of

Patlent  Tumor  Loclizationof o

gnde  melastasis Thenpy’

M Bone(C) 0+DES

u m‘h) OQF s it ina metastasis
! OVDES e S 0P|

polyclonal satibody PG-21 as described in
“Materials and Methods.”

1
2
3
4
5
5
b
1
8
9

Fig. 2. Nuclear expression of AR in metastatic
prostatic cancer localized in the epidural space
(% 400).

“ o, megative stalning; +, <10% cells poslttve; 4+, 10-50% cells positive; +4+, 50
cally posilive,

®0, orchiectomy; DES, diethylstibestrol; F, hydroxyflutamide; I, iradiatios; [
LHRH smlogee decapeptyl; CPA, cyproserone acetale; C, crasium; VC, veriebeal co
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PSA: 267 ng/ml PAL: 1515 U/L Uncontr 5SA: 37 ng/ml PAL: 911 U/L control pain
il MAB - Zoledronic Acid - Cal + Vit D suppl



Scher et al

R
.
.
'
Baseline 2 months of treatment 4 months of treatment 18 months of treatment
PSA=26 PSA = 0.52 ng/ml PSA = 0.35 ng/ml PSA = 0.52 ng/ml
New lesions = POD by RECIST

Fig 3. Flare on bone scan. Two new lesions at 8 weeks were not followed by subseguent additional lesions, so patient remainad on study; bone scan markadly

improved over 18 months. POD, progression of disease; PSA, prostate-specific antigen; RECIST, Response Evaluation Criteria in Solid Tumors.




(Cabozantinib I)
Bone Scan Effects: Representative Images

Baseline Week 12 | Baseline Week 12 Baseline Week 12 Baseline Week 12
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Docetaxel-pretreated Docetaxel-pretreated Docetaxel-pretreated Docetaxel-naive

Each Patient had PR + Pain Improvement
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(Cabozantinib II)

Conclusions

*In mCRPC patients with progressive disease, Cabozantinib
has substantial antitumor activity:

* 68% overall objective disease control at Week 12
* /4% measurable disease regression
* 76% complete or partial resolution of bone scans
*67% pain improvement in patients with pain at baseline
* 29 weeks overall median PFS

— Significant PFS improvement post-randomization

* Moderate but manageable AE profile; with similarities to
other TKls

* Cabozantinib is being evaluated in docetaxel-pretreated
MCRPC patients (NCT00940225)

A&C@ Annual 11
. Meeting




Department of
Neurology,
Higashimatsudo
Municipal Hospital,
Chiba, Japan

K Susuki

S Matsumoto

Department of
Urology, Matsudo
Municipal Hospital,
Chiba, Japan

N Kitagawa

Department of
Orthopaedic Surgery,
Matsudo Municipal
Hospital, Chiba, Japan
H Shinohara

Department of
Neurology, Yokohama
City University,
Yokohama, Japan

O Hasegawa

Y Kuroiwa

Correspondence to:

Dr Keiichiro Susuki,
Department of Neurology,
Dokkyo University School of
Medicine, 880
Kitakobayashi, Mibu,
Shimotsugs, Tochigi
321-0293, Japan

email KSusuki@aol.com
Received 26 April 1999 and
in revised form 16 August
1999 Accepted 25 August

Epidural compression of the cauda equina caused
by vertebral osteoblastic metastasis of prostatic
carcinoma: resolution by hormonal therapy

Keiichiro Susuki, Shunsuke Matsumoto, Norikazu Kitagawa, Hiroyasu Shinohara,

Osamu Hasegawa, Yoshiyuki Kuroiwa

Abstract

A 59 year old man with prostatic carci-
noma developed epidural compression of
the cauda equina caused by bony expan-
sion from a vertebral osteoblastic metas-
tasis. For medical reasons he could not
undergo radiation or surgery. Hormonal
therapy alone relieved his low back pain
and restored ambulation and urinary
function. Postmyelography CT showed
that the bony expansion from the vertebra
had completely disappeared after treat-
ment. This is the first report of remark-
able improvement due to hormonal
therapy alone.

(¥ Neurol Neurosurg Psychiatry 2000;68:514-515)

Keywords: prostatic carcinoma; osteoblastic metastasis;
epidural compression; hormonal therapy

Compression of the spinal cord and cauda
equina is an important neurological complica-
ton of prostatic carcinoma.' Direct tumour

Postmyelography spinal CT. Before treatment: (A) the spinal cord is compressed laterally by
the epidural mass (arrow) on the left side of the body of Th11; (B) the vertebral canal is
narrowed by bony expansion (arrowws) from both sides of the body at L.2. After treatment:
(C) the epidural mass in the body of Th11 has disappeared; (D) bony expansion from the
body of L2 has also disappeared.

extension from a vertebral metastasis is the most
common mechanism. Epidural compression
caused by bony expansion from a vertebral oste-
oblastic metastasis, a rare occurrence,”” is
thought to be an absolute indication for surgical
decompression.” We describe a case of epidural
compression of the cauda equina due to such an
uncommon condition, which was treated suc-
cessfully with hormonal therapy alone.

Case report

A previously healthy 59 year old man devel-
oped low back pain in September 1997, and
the pain gradually worsened. He began to
notice paraesthesia in both legs in February
1998. One month later, he developed weakness
and severe paraesthesia in both legs and could
not walk.

In August 1998, he was admitted to our hos-
pital, at which time anaemia was apparent.
There was no neurological abnormality in the
cranial nerves or upper limbs. Atrophy of the
right lower limb was apparent. Muscle tone was
decreased to grade 34 (Medical Research
Council) power in the right lower limb and
grade 4-5 in the left. Deep tendon reflexes were
pathologically depressed in both lower limbs,
and the Laségue sign was positive on both sides.
Hypaesthesia was present below L.1 area on his
right side and the S1 area on the left side, but the
saddle area was normal. Although bowel dys-
function was not apparent, he developed urinary
retention several days after admission.

Haematological investigations disclosed
anaemia (Hb 7.3 g/dl) and thrombocytopenia
(84 000/ul). Serological investigations showed
an increased alkaline phosphatase of 5301 U/,
and lactic dehydrogenase of 751 U/lL. Cerebro-
spinal fluid had increased protein, 63 mg/dl,
but normal cellularity. Plain radiography
showed multiple osteoblastic lesions involving
the thoracic and lumbar vertebral bodies, and
pelvis. A nuclear bone scan showed multiple
hot spots in the skull, vertebrae, ribs, humeri,
and femora, consistent with muldple bone
metastases. Myelography showed narrowing of
the vertebral canal in the body of Thil1, L.2.
Postmyelography spinal CT showed an epi-
dural mass in the body of Thll and bony
expansion from the body of 1.2 into the verte-
bral canal (figure).




® Androgen suppression only
m Androgen suppression + nilutamide/flutamide

e Androgen suppression only
m Androgen suppression + antiandrogen

6500 men in 20 trials
of nilutamide or flutamide
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e Androgen suppression only
m Androgen suppression + cyproterone acetate
Treatment better

by 0-7% (SE 1-1)

1800 men in seven trials
of cyproterone acetate

Absolute
difference
1-8% (SE 1-3)

Proportion alive (%)
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'-.':% by 2-8% (SE 2-4)
Logrank

Figure 2: 10-year survival in the 27 randomised trials of MAB e e
versus AS alone
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Time since randomisation (years)

The Lancet, 2000,355;1491-98




Androgens and
Prostate Cancer Bone
Metastases: Effects
on Both the Seed
and the Soil

Endocrinol Metab Clin N Am 40 (2011) 643—-653
Wei Yang, ea, Alice C. Levine, mp™

Androgens and Prostate Cancer Bone Metastases

Pms’fal"e Cancer' cell

a-cu.tenh

_—"| Factor ¥ _

| 4 - Osteoblasts
| OSteoclast” . Bone' Matrix -, Osteoclast

Fig. 2. AndrogensfAR interactions with TGF-B and YWnt signaling systems in PCa and bone
calls. Androgens modulate Runx?2 activity in PCa cells and may thereby promote EMT and
PCa meaetastatic potential. In PCa calls, AR also interacts with B-catenin, an important compo-
nent of the canonical YWnt signaling system. Androgeaens stimul ate Wnt signaling in osteo-
blasts leading to increases in Runx2 exprassion, osteoblast differentiation, and enhanced
sacretion of both known {(RAMNKL) and, possibly, unknown growth factors that promote
osteoclast differentiation. Theaese mature osteoclasts initiate bone resorption with the release
of growth factors from the bone matrix, most notably TGF-3, which, in collaboration with
androgensfAR, can stimulate further PCa growth and EMT. Thus, the androgenic signaling
pathway profoundly influences the vicious cycle of bone metastases at multiple steps in
the process.
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Additional Outcomes

Placebo PValue
(n=398)

Overall survival
Median. months R 10.9
PSAresponserate

Total
Confirmed

Radiographic PFS

Median. months .6 3.6

Time to first SRE (pathologic fracture/spinal cord compression/
palliative radiation/bone surgery)

25" percentile. days 301.0 150.0 < (0.0001




Advanced breast cancer with
bone-only metastases
A chemotherapeutically responsive pattern of metastases™

Richard V Smalley,M.D. Deborah Mayer Scogna,CRNP,Leon S. Manuel ,MD AJC 1982;5(2):161-6

Issues concerning the role of chemotherapy and hormonaltherapy

in the treatment of bone metastases from breast cancer
Harvey,Cancer,1997

TABLE 2

Response of Osteolytic Lesions o Chemnwotherapy: Breast Cancer
Protocol O19 (WM — 1953

Patients withh only bone metastases 11 — 117 (G0%)
Radiologic response Skeletal complications
(UJICC criteria) (Z4-month follow-1up)
R 096 Patients with =1 skelaetal evants 55 %
PR 18 9% Skeletal morbidity rate 2.5 fvear
Mo change SRS hMedian time to first event 7.0 months

TADBDLE 3

Response of Osteolytic Lesions o Hormmywonal Therapy: Breast Cancer
Protocol O18 (N — 189)F

Patients withh only bone metastases . — 137 (T2%)
Radiologic response Skeletal complications (Z4-month follow-up)
(JICC criteria)
CR 015 Patients with =1 skeletal events SS90
PR 2196 Skeletal morbidity rate I.8fvear
Mo change 529 hiledian tirme to first event 5.9 months
Progression ZT Y

IS Intermnadonal Thhion Against Cancer: SR complete response; PR partal responise.
2 Patients from control arm of study cormparing wvariows hormonal agents =5 — parnidronate.
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e 6B 233
swirs 768 759
S 371
e 149 140

CR
PR
MR/NC
PD

Table 1. Pretreatment Characteristics of Patients With Metastatic Breast

Cancer in Various Response Groups

All Complete
Remissions

Patient Characteristics

No 6

No. of patients
Median age in years
Median disease-free

interval (mo)

!nted disease site

Liver
Lung/pleurc

Soft tissue

263
S
18

120 144 168
Months

192




Palliative Effect of Chemotherapy: Objective Tumor
Response Is Associated With Symptom Improvement in
Patients With Metastatic Breast Cancer

By Poul Gesls, Elizabeth Bisenhauer, Andrea Beziak, Benny Zee, and Andrew Doy

Purpose! Because one of the goals of chemotherapy
for metastatic breast cancer is to provide symptom
palliation, we were interested in identifying the rela-
tionship hetween tumor shrinkage and improvement in
disease-related symptoms.

Patients and Methads: Three hundred patients en-
rolled onto a randomized trial of metastatic breast
cancer formed the basis of cur study. The nine most
common baseline symptoms were identified and fol
lowed, Changes from baseline (improvement, stable,
worsening) were defined using patient responses to a
quality-of -life (Qol) questionnaire {the European Orga-
nimtion for Research and Treatment of Cancer EORTC
QLQ-C0) as well as using graded toxicity data <ol-
kected on case report forms {CRFs). The association
between sympiom im provement and tumeor response
was assessed using a linear trend test vin a logistic
regression model,

Resultst The most commonly reported baseline
symptoms were cancer pain in 38% {CRF data)and 81%
of patients {Qol data) and tiredness in 26% {CRF data)

and 89% (Qol data) of patients, Three symptoms—
cancer pain, shortness of breath, and abnormal meod —
showed a significant relationship between improve-
ment and ohjective response, using hoth CRF and Qol
assessments, Constipation, anorexia, and nausea
showed a similar trend when Qol data were used hut
not when CRF information was used, The converse was
seen for lethargy, There was no correlation between
symptom change and response for cough and insom-
hia.

Conclusion: For some symptoms, we found a signif-
kant association between symptom improvement and
ohjective tumor regression, In these cases, symptom
improvement was greatest in those patients who had
complete or partial responses, followed by those with
stable disease andthen those with progre ssive disease,
Further work in this area will be useful in determining
the surrogate value of ohjective tumor response in
identiying the efficacy of palliative chemotherapy.

J Chkn Oncal 18:2395-2405. © 2000 by American
Society of Chnical Oncalogy.




sphoesphonates: Molecular mechanism of

BPs inhibit FPP synthase, thus blocking
the prenylation of small

signaling proteins required for

cell function and survival



Nitrogen-containing bisphoshonates (NBPs)
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Ilhe Goal o ohosphonate
herapy.

algesics and palliative

S Improve patient’s quality of life



Independent J\JJL);ZJ -analysis of Phase lll Trials of Bisphosphonates for
PreventionioffSREsiinimBC

VZOLL 4 'mg
1N0:2005) -

J0img - 23% <.001

study 16 and 19)

18% .04
y 20 JU)
JJ,JrJJrJr te o0 mg 14% .08
_,)
J.J.f'JIJ.J e 1,600 mg
tensen 1999) 31%
n 1993) 17% > .03 (pooled)
(Tubiana-Hulin 2001) 8%

| | | |
0 02 04 06 083 1 12 14 16 18 2

Cochrane database comparing placebo-controlled trials in breast cancer setting.

1V, intravenous; mBC, metastatic breast cancer; PAM, pamidronate; SRE, skeletal-related event; ZOL, zoledronic acid.
Adapted from Pavlakis N, et al. Cochrane Database Syst Rev. 2005:CDC003474.



IbandronatelReduced the Skeletal Morbidity Period Rate (SMPR) in

PatientstWithiBoneMetastases From

H Ibandronate 6 mg (n =154) M Placebo (n = 158)

1.09

0.91

0.82 0.81

0.62

All SREs Vertebral Non-vertebral Radiation to  surgery to Bone
Fractures Fractures Bone

BC, breast cancer; SRE, skeletal-related event.

Data from Body J-J, et al. Ann Oncol. 2003;14(9):1399-1405.



Side effects of Bisphosphonates
Zoledronic Acid

1 Fever, weakness
% Nausea

1 Vertigo

1 Asthenia

a1 Myalgia/arthralgia
2 Renal tubular necrosis

1 Osteonecrosis of the jaw




RANKILLigandilstan Essential Mediator of
OsteoclastiEormation; Eunction, and St
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Denosumab) Binds RANK Ligand and
Inhibitsi@steoclast-Mediated Bone

Destruction

' RANKL
>
Q />
Q Q‘?‘)

Osteoclast Formation, Function,
and Survival Inhibited

Bone Formation Bone Resorptlon

Inhibited

Provided as an educational resource. Do not copy or distribute.



m e Denosumab vs zoledronic acid:

BEST PRACTICE

csenn secen wweacn onceees 1 RIANIE TO First skeletal-related event

Kaplan—Meier estimates of time to first on-study skeletal-related event

1-00 Median months (95% ClI)
Denosumab 20-7(18-8-24-9)
Zoledronic acid 17-1(15-0-19-4)

HR 0-82 (95% C1 0-71-0-95; p=0-0002 for non-inferiority analysis*;
pP=0-008 for superiority analysis*)

Proportion of patientswithout a skeletal-related event

T g’ T T T T T

3 9 12 15 18 21
Stud: th

Patients at risk udy month

Denosumab 950 758 582 472 361 259 168 115
Zoledronic acid 951 733 544 407 299 207 140 93

Patients were assessed from baseline to the primary analysis cut-off date.
*p values were adjusted for multiplicity

*Reprinted from the Lancet, volume 377, Fizazi K et al. 'Denosumab versus zoledronic acid for treatment of bone metastases in men with
castration-resistant prostate cancer: a randomised, double-blind study’, pages 813-22. Copyright 2011, with permission from Elsevier

Society for Medical Oncology

S RE (multiple event ana_lysis)

Time to first and subsequent on-study skeletal-related events
.0—

Rate ratio 0-82 (95% CI 0-71-0-94; p=0-004: adjusted p=0-008~)

Cumulative mean number of

skelotal-related events per patient

Events
Denosumab (Nn=950) 494
Zoledronic acid (n=951) 5584

= T 1 T Li T T K
3 & 18 21 24 27 30 33 36
Study month

Events occurred at least 21 days apart. *Adjusted for multiplicity
No difference in median OS or time to disease progression

"Reprinted from the Lancet, volume 377, Fizazi K et al. 'Denosumab versus zoledronic acid for treatment of bone metastases in men with
castration-resistant prostate cancer: a randomised, double-blind study’, pages 813-22. Copyright 2011, with permission from Elsevier




::‘:,:z::.'"‘ Denosumab vs zoledronic acid:
e Adverse events

Zoledronic acid Denosumab
Adverse event, n (%) (n=945) (n=943)

Total adverse events 918 (97) 916 (97)

Most common adverse events in either arm

= Anemia

= Back pain

» Decreased appetite

= Nausea

» Fatigue

341 (36)
287 (30)
274 (29)
245 (26)
222 (24)

337 (36)
304 (32)
267 (28)
272 (29)
257 (27)

CTC Grade 3, 4, or 5 adverse events 672 (71) 718 (76)
Serious adverse events 568 (60) 594 (63)
Adverse events leading to treatment discontinuation 138 (195) 164 (17)

*"Reprinted from the Lancet, volume 377, Fizazi K et al. 'Denosumab versus zoledronic acid for treatment of bone metastases in men with castration-
resistant prostate cancer: a randomised, double-blind study’, pages 813-22. Copyright 2011, with permission from Elsevier

Osteonecrosis of the jaw, cumulative







