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Abstract

After being approved by the National Drug Agency
in several countries, Radium-223 (Ra-223) is gaining
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wide acceptance in the treatment of bone metastatic
castration resistant prostate cancer. The exact mecha-
nism of action remain unclear: The established model
of direct alpha-particle irradiation from the remodelling
bone surface, where Ra-223 accumulates, surrounding
the tumor foci can explain a lethal effect only on
metastatic microdeposits, but not on higher tumor
burden. According to the “pre-metastatic niche model”,
it is likely that Ra-223 targets several non-tumoral
cell types of the tumor microenvironment involved in
the complex mechanism of cancer bone homing and
colonization. A deeper insight into this hypothetical
mechanism will lead to a more accurate dosimetric
approach and to find optimal sequencing and/or com-
bination with the other therapeutic options.
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Core tip: Radium-223, possible perspectives for a more
effective use in bone metastatic castration resistant
prostate cancer.
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COMMENTARY ON HOT TOPICS

Several therapeutic options have been shown to be
clinically effective in treating metastatic castration
resistant prostate cancer (mCRPC), albeit real efficacy of
treatment is very difficult to establish due to a substantial
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lack of head-to-head comparison trials. Radium-223
(Ra-223), an alpha-emitting radiopharmaceutical, pro-
longs overall survival (0S), delays symptomatic skeletal
events and improves quality of life compared to placebo
treatment, in patients with CRPC and symptomatic bone
metastases without visceral involvement, regardless of
prior docetaxel use!™?,

The calcium mimetic alpha emitter ion Ra-223 forms
complexes with hydroxyapatite in bone areas where
turnover tissue is increased as in primary bone tumours
and metastases. Unlike other therapeutic bone seekers,
such as beta minus emitters Sr-89 or **Sm-EDTMP,
Ra-223 has a high linear energy transfer (LET 80 keV/
um) leading to a high frequency of lethal double-strand
DNA breaks in nearby cells™.

The short path length of alpha particles is less than
100 um, less than a 10 cell diameter and has an in vitro
killing effect in tumor cells, osteoblasts and osteoclasts.

In vitro data demonstrates that the lethal effect is
not cell type specific, is effective on multidrug resistant
cells, induces G2 arrest and causes a dose-dependent
inhibition of osteoclast differentiation™®.

The efficacy of Ra-223 has been demonstrated in
vivo in animal models, indicating a significant antitumor
effect in experimental skeletal metastases in nude
rats™, increased survival in a mouse model of breast
cancer metastases, more pronounced if associated with
zoledronic acid or doxorubicin®.

These physical and biological data explain why
Ra-223 is the first-in-class commercially available alpha
emitter in the treatment of bone metastases. Results
from a Phase Il trial called ALSYMPCA confirmed the
clinical efficacy of the radiopharmaceutical in a large
cohort of bone mCRPC”). However the mechanism of
action remains unclear.

The most simplistic model that alpha emission
acts directly on surrounding tumor cells is commonly
accepted, even though its short path length can kill only
a few tumor cells lines, much as the outer layers of an
onion. Dosimetric considerations of this model indicate
that the estimated absorbed dose in a 250 um radius
sphere decreases steeply from about 65 Gy at 5 um
from the surface to 0 Gy at 70 um, assuming a Ra-223
concentration of 0.67 Bg/mm? on the surface™. In such
a way, Ra-223 could deliver a lethal dose to small foci
of cancer cells or micrometastases, while the dose to
larger ones are likely to be ineffective.

Data from the ALSYMPCA trial indicate a significant
decrease in PSA, regarding tumor burden and alkaline
phosphatase (ALP) activity, the latter being a marker
of bone turnover that correlates with the progression
of bone metastases. The classical model cannot fully
explain the therapeutic effect of Ra-223 in the presence
of a large tumour burden in bone. Current treatment
such as abiraterone targets cancer cells directly, while
docetaxel acts indirectly on rapidly proliferating tissue. At
present, only sipoleucel-T, whose mechanism of action
involves the immune system, acts differently. Further
questions remain to be answered as to why PCa displays
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an increased predilection for bone and why it induces
an osteoblastic response. Just over a century ago, Paget
proposed the “Seed and Soil” hypothesis. More recently,
Lyden’s laboratory® defined the “pre-metastatic niche
model”, where the remodelling of metastatic distant site
occurs earlier than tumor cells detach from the primary
site. Therefore the interaction between host and tumor
or, in other words, the tumor microenvironment, may
answer the above questions.

In a recent innovative paper Ganguly et af'” re-
viewed the specific processes involved in the seeding
and development of PCa bone metastases. Integrins,
extracellular proteases and transient epithelial-mesen-
chymal transition can promote PCa progression, invasion
and metastasis, just as chemotactic cytokines, adhesion
molecules and bone derived signals can explain homing,
colonization and osteoblastic characteristics. According
to this model, many non-tumoral cell types could be the
target of lethal alpha emission from Ra-223 leading to
a “curative” effect, while the beta minus emission from
Sr-89 and **Sm-EDTMP can obtain only a palliative
effect.

Albeit preliminary, there is PET evidence indicating
acute metabolic changes in large metastatic deposits
after Ra-223 therapy, with a dramatic drop of uptake
either of ®F-choline™ or *®*Ga-PSMA™?! in responders
accompanied by a reduction of PSA and ALP. This effect
cannot be explained by the classical mechanism of
action where only a limited number of tumour cells can
be hit, but rather by an effect on the microenvironment
including vessels and stroma, inducing tumor regression.

The “niche model” could explain why the preventive
administration of Ra-223 before cancer transplant in
mice decreases the tumor burden and increases life
expectancy™. In addition, Ra-223 uptake in the bone
microenvironment surrounding metastatic foci is roughly
the same in both osteolytic and osteoblastic tumours,
opening new perspectives in the treatment of other
cancer types'®.

Cancer cells with stem-cell like characteristics sur-
vive as non-proliferating (dormant) in close proximity
to active bone multicellular units. They can survive
after most therapeutic approaches including androgen
deprivation and they start to proliferate receiving the
appropriate signal from the stroma. Assuming that
Ra-223 emissions act more likely and more efficiently
on the microenvironment, they could have a role in the
dormancy stage, inhibiting the metastatic growth.

It is quite surprising that basic research on Ra-223
was not oriented to study the effect of radiation to the
cells involved in the niche model (homing, dormancy
and proliferation) and the role of radiation to the vascular
endothelium. In fact it is well known that Ra-223 accu-
mulation did not correspond to bone volume or surface
area but to local blood vessel density™.

Median OS gain in the ALSYMPCA trial is 3.6 mo.
Since 2010 six new agents have been approved for
mCRPC, including chemotherapeutic agent, newer hor-
monal agents as enzalutamide and arabiterone, immune
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therapy and bone-targeted agents as denosumab.
However the Ra-223's OS gain is far to be optimal, as
well as for the above mentioned agents. The main Health
Technology Assessments, taking into account the cost
per Quality Adjusted Life Years, concluded that Ra-223
therapy is not cost effective™.

The integration of Ra-223 into the management
of mCRPC with other currently available therapeutic
options is likely to further improve 0S*'%. This leads
to further questions as to whether treatment should
be started earlier in the course of mCRPC, a disease
which frequently lasts several years, which is the best
sequence of drugs or whether a combined therapy
would be more effective than a sequential therapy™*.

The non-overlapping mechanism and the high
safety profile of Ra-223 would potentially allow new
combination strategies with the novel innovative drugs,
moving from symptomatic high-volume bone disease
to an earlier phase of asymptomatic low-volume bone
disease and extending its use in the visceral disease
phase if, as usually occurs, bone is involved™.,

These questions require a deeper insight into Ra-223's
mechanism of action at the microenvironment level, thus
allowing a more accurate dosimetric approach beyond
activity/weight criteria.

ACKNOWLEDGMENTS

Authors wish to thank Professor Karen Susan Doyle for
the language revision of the paper.

REFERENCES

1 Nilsson S. Radionuclide Therapies in Prostate Cancer: Integrating
Radium-223 in the Treatment of Patients With Metastatic Cas-
tration-Resistant Prostate Cancer. Curr Oncol Rep 2016; 18: 14
[PMID: 26779616 DOI: 10.1007/s11912-015-0495-4]

2 Coleman R. Treatment of Metastatic Bone Disease and the
Emerging Role of Radium-223. Semin Nucl Med 2016; 46: 99-104
[PMID: 26897713 DOI: 10.1053/j.semnuclmed.2015.10.012]

3 Bruland 9S8, Nilsson S, Fisher DR, Larsen RH. High-linear energy
transfer irradiation targeted to skeletal metastases by the alpha-
emitter 223Ra: adjuvant or alternative to conventional modalities?
Clin Cancer Res 2006; 12: 6250s-6257s [PMID: 17062709 DOI:
10.1158/1078-0432.CCR-06-0841]

4 Henriksen G, Breistol K, Bruland @S, Fodstad @, Larsen RH.
Significant antitumor effect from bone-seeking, alpha-particle-
emitting (223)Ra demonstrated in an experimental skeletal meta-

JBaishideng® W]R I WWW.ngnet.COm

818

stases model. Cancer Res 2002; 62: 3120-3125 [PMID: 12036923]

5 Suominen MI, Rissanen JP, Kikdonen R, Fagerlund KM,
Alhoniemi E, Mumberg D, Ziegelbauer K, Halleen JM, Kikonen
SM, Scholz A. Survival benefit with radium-223 dichloride in a
mouse model of breast cancer bone metastasis. J Natl Cancer Inst
2013; 105: 908-916 [PMID: 23682134 DOI: 10.1093/jnci/djt116]

6 Abou DS, Ulmert D, Doucet M, Hobbs RF, Riddle RC, Thorek DL.
Whole-Body and Microenvironmental Localization of Radium-223
in Naive and Mouse Models of Prostate Cancer Metastasis. J
Natl Cancer Inst 2016; 108: pii: djv380 [PMID: 26683407 DOI:
10.1093/jnci/djv380]

7 Parker C, Nilsson S, Heinrich D, Helle SI, O’Sullivan JM, Fossa
SD, Chodacki A, Wiechno P, Logue J, Seke M, Widmark A,
Johannessen DC, Hoskin P, Bottomley D, James ND, Solberg A,
Syndikus I, Kliment J, Wedel S, Boehmer S, Dall’Oglio M, Franzén
L, Coleman R, Vogelzang NJ, O’Bryan-Tear CG, Staudacher K,
Garcia-Vargas J, Shan M, Bruland @S, Sartor O. Alpha emitter
radium-223 and survival in metastatic prostate cancer. N Engl
J Med 2013; 369: 213-223 [PMID: 23863050 DOI: 10.1056/
NEJMoal213755]

8 Henriksen G, Fisher DR, Roeske JC, Bruland @S, Larsen RH.
Targeting of osseous sites with alpha-emitting 223Ra: comparison
with the beta-emitter 89Sr in mice. J Nucl Med 2003; 44: 252-259
[PMID: 12571218]

9  Psaila B, Lyden D. The metastatic niche: adapting the foreign

soil. Nat Rev Cancer 2009; 9: 285-293 [PMID: 19308068 DOI:

10.1038/nrc2621]

Ganguly SS, Li X, Miranti CK. The host microenvironment influ-

ences prostate cancer invasion, systemic spread, bone colonization,

and osteoblastic metastasis. Front Oncol 2014; 4. 364 [PMID:

25566502 DOL: 10.3389/fonc.2014.00364]

Miyazaki KS, Kuang Y, Kwee SA. Changes in Skeletal Tumor

Activity on (18)F-choline PET/CT in Patients Receiving (223)Ra-

dium Radionuclide Therapy for Metastatic Prostate Cancer. Nucl

Med Mol Imaging 2015; 49: 160-164 [PMID: 26082811 DOI:

10.1007/s13139-014-0314-0]

Ahmadzadehfar H, Schlenkhoff CD, Rogenhofer S, Yordanova A,

Essler M. 68Ga-PSMA-11 PET Represents the Tumoricidal Effect

of 223Ra in a Patient With Castrate-Resistant Metastatic Prostate

Cancer. Clin Nucl Med 2016; 41: 695-696 [PMID: 27405025 DOI:

10.1097/RLU.0000000000001286]

Norum J, Traasdahl ER, Totth A, Nieder C, Olsen JA. Health

Economics and Radium-223 (Xofigo®) in the Treatment of

Metastatic Castration-Resistant Prostate Cancer (mCRPC): A Case

History and a Systematic Review of the Literature. Glob J Health

Sci 2016; 8: 1-9 [PMID: 26573043 DOI: 10.5539/gjhs.v8n4pl]

Park J, Sartor AO, Sullivan R, King S, Antonarakis ES. Ran-

domized phase-2 study of sipuleucel-T with or without radium-223

in men with asymptomatic/minimally symptomatic bone-metastatic

castrate-resistant prostate cancer (CRPC). J Clin Oncol 2015; 33:

abstr TPS5076

Lorente D, Mateo J, Perez-Lopez R, de Bono JS, Attard G. Sequ-

encing of agents in castration-resistant prostate cancer. Lancet

Oncol 2015; 16: €279-¢292 [PMID: 26065613 DOI: 10.1016/

S1470-2045(15)70033-1]

10

11

13

14

15

P- Reviewer: Kang TW, Vlachostergios PJ, Xia SJ ~ S- Editor: Ji FF
L- Editor: A E- Editor: Li D

October 28, 2016 | Volume 8 | Issue 10 |



JRnishideng®

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wijgnet.com
Help Desk: http://www.wijgnet.com/esps/helpdesk.aspx
http:/ /www.wjgnet.com

© 2016 Baishideng Publishing Group Inc. All rights reserved.



	WJR-8-816
	WJRv8i10-Back Cover

