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symptom of uncomplicated bone metastases is severe pain, 

ǁŚŝĐŚ�ĐĂƵƐĞƐ�Ă�ƐƵďƐƚĂŶƟĂů�ďƵƌĚĞŶ�ŝŶ�ŵŽƌďŝĚŝƚǇ�ĂŶĚ�ĐŽŶƚƌŝď-

utes to the decreased quality of life experienced by these 

ƉĂƟĞŶƚƐ͘�/Ŷ�ĐĂƐĞ�ŽĨ�ƵŶĐŽŵƉůŝĐĂƚĞĚ�ďŽŶĞ�ŵĞƚĂƐƚĂƐĞƐ͕�ƚŚĞ�Ăŝŵ�
ŽĨ� ƚƌĞĂƚŵĞŶƚ� ŝƐ�ƉĂůůŝĂƟŽŶ�ŽĨ�ƉĂŝŶ͘��ŽŶƚƌŽů�ŽĨ� ƐǇŵƉƚŽŵƐ�ĐĂŶ�
be achieved with the use of radiotherapy (RT) and analgesic 

drugs, while bisphosphonates can be administered to prevent 

ĂŶĚ�ƌĞĚƵĐĞ�ƚŚĞ�ŝŶĐŝĚĞŶĐĞ�ŽĨ�ƐŬĞůĞƚĂůͲƌĞůĂƚĞĚ�ĞǀĞŶƚƐ͘�/ŵƉƌŽǀĞ-

ŵĞŶƚ�ŽĨ�ƉĂŝŶ�ǁŝƚŚ�Zd�ŝƐ�ŽďƚĂŝŶĞĚ�ŝŶ�ϱϬйͲϴϬй�ŽĨ�ƉĂƟĞŶƚƐ�ĂŶĚ�
ĐŽŵƉůĞƚĞ�ƉĂŝŶ� ƌĞůŝĞĨ� ŝƐ�ŽďƚĂŝŶĞĚ� ŝŶ�ϮϬйͲϱϬй�ŽĨ�ƉĂƟĞŶƚƐ� ;ϰ͕�
ϱͿ͘� /Ŷ� ƚŚĞ� ƉƌĞƐĞŶĐĞ� ŽĨ� ƉĂƚŚŽůŽŐŝĐ� ĨƌĂĐƚƵƌĞƐ� ĂŶĚ� ƐƉŝŶĂů� ĐŽƌĚ�
ĐŽŵƉƌĞƐƐŝŽŶ͕� ďŽŶĞ�ŵĞƚĂƐƚĂƐĞƐ� ĂƌĞ� ĚĞĮŶĞĚ� ĂƐ� ĐŽŵƉůŝĐĂƚĞĚ�
;ϲͿ͘�dƌĞĂƚŵĞŶƚ�ŽĨ�ƉĂƚŚŽůŽŐŝĐ�ĨƌĂĐƚƵƌĞ�ĐŽŶƐŝƐƚƐ�ŽĨ�ƐƵƌŐŝĐĂů�ƐƚĂ-

ďŝůŝǌĂƟŽŶ͕�ǁŝƚŚ�ĂĚũƵǀĂŶƚ�Zd�ƚŽ�ŝŵƉƌŽǀĞ�ƌĞĐĂůĐŝĮĐĂƟŽŶ�ŽĨ�ƚŚĞ�
ŽƐƚĞŽůǇƟĐ�ďŽŶĞ͘�^ƉŝŶĂů�ĐŽƌĚ�ĐŽŵƉƌĞƐƐŝŽŶ�ƌĞƉƌĞƐĞŶƚƐ�Ă�ĐŽŵ-

ƉůŝĐĂƟŽŶ�ƚŚĂƚ�ƌĞƋƵŝƌĞƐ�ƵƌŐĞŶƚ�ƚƌĞĂƚŵĞŶƚ�ƚŽ�ĂǀŽŝĚ�ŝƌƌĞǀĞƌƐŝďůĞ�
ŶĞƵƌŽůŽŐŝĐ�ĚĞĮĐŝƚƐ͘�dŚĞ�ŵĂŶĂŐĞŵĞŶƚ�ŽĨ�ƐƉŝŶĂů�ĐŽƌĚ�ĐŽŵƉƌĞƐ-
sion includes decompressive surgery or RT delivered in single 

Žƌ�ŵƵůƟƉůĞ�ĨƌĂĐƟŽŶƐ�;ϰͿ͘
�ŝīĞƌĞŶƚ�Zd�ƐĐŚĞĚƵůĞƐ�ĂƌĞ�ƵƐĞĚ�ĨŽƌ�ƵŶĐŽŵƉůŝĐĂƚĞĚ�ďŽŶĞ�

ŵĞƚĂƐƚĂƐĞƐ� ƚƌĞĂƚŵĞŶƚ͗� ϰϬ� 'Ǉ� ŝŶ� ϮϬ� ĨƌĂĐƟŽŶƐ͕� ϯϬ� 'Ǉ� ŝŶ� ϭϬ�
ĨƌĂĐƟŽŶƐ͕�ϮϬ�'Ǉ�ŝŶ�ϱ�ĨƌĂĐƟŽŶƐ͕�ĂŶĚ�ƐŝŶŐůĞ�ĨƌĂĐƟŽŶƐ�ŽĨ�ϭϬ�'Ǉ͕ � 
ϴ�'Ǉ͕ �ϲ�'Ǉ͕ �Žƌ�ϰ�'Ǉ�;ϳͲϵͿ͘�dŚĞ�ŵŽƐƚ�ĂƉƉƌŽƉƌŝĂƚĞ�ĨƌĂĐƟŽŶĂƟŽŶ�
ƐĐŚĞĚƵůĞ�ŝƐ�Ă�ŵĂƩĞƌ�ŽĨ�ĚĞďĂƚĞ͕�ďƵƚ�ƐĞǀĞƌĂů�ƌĂŶĚŽŵŝǌĞĚ�ƚƌŝĂůƐ�

�K/͗�ϭϬ͘ϱϯϬϭͬƚũ͘ϱϬϬϬϮϴϲ

DƵůƟĨƌĂĐƟŽŶ�ƌĂĚŝŽƚŚĞƌĂƉǇ�ĨŽƌ�ƉĂůůŝĂƟŽŶ�ŽĨ�ƉĂŝŶĨƵů�ďŽŶĞ�
ŵĞƚĂƐƚĂƐĞƐ͗�ϮϬ�'Ǉ�ǀĞƌƐƵƐ�ϯϬ�'Ǉ
DĂƵƌŝǌŝŽ�sĂůĞƌŝĂŶŝ1͕��ůĂƵĚŝĂ�^ĐĂƌŝŶŐŝ1͕�>ƵĐŝĂŶĂ��ůĂƐŝϮ͕��ůĞƐƐŝĂ��ĂƌŶĞǀĂůĞ1͕�sŝƚĂůŝĂŶĂ��Ğ�^ĂŶĐƟƐ1͕�WĂŽůŽ��ŽŶŽŵĞ1

,  

^ƚĞĨĂŶŽ��ƌĂĐĐŝ1͕�'ŝĂŶůƵĐĂ�DĂƌƌŽŶĞ1͕�'ŝƵƐĞƉƉĞ�DŝŶŶŝƟ1͕�ZŝĐĐĂƌĚŽ�DĂƵƌŝǌŝ��ŶƌŝĐŝ1

1�ĞƉĂƌƚŵĞŶƚ�ŽĨ�ZĂĚŝĂƟŽŶ�KŶĐŽůŽŐǇ͕ �^ĂŶƚ �͛ŶĚƌĞĂ�,ŽƐƉŝƚĂů͕�hŶŝǀĞƌƐŝƚǇ�͞^ĂƉŝĞŶǌĂ͕͟ �ZŽŵĞ�Ͳ�/ƚĂůǇ
2�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ŶĂĞƐƚŚĞƐŝŽůŽŐǇ�ĂŶĚ�/ŶƚĞŶƐŝǀĞ��ĂƌĞ͕�^ĂŶƚ �͛ŶĚƌĞĂ�,ŽƐƉŝƚĂů͕�hŶŝǀĞƌƐŝƚǇ�͞^ĂƉŝĞŶǌĂ͕͟ �ZŽŵĞ�Ͳ�/ƚĂůǇ

/ŶƚƌŽĚƵĐƟŽŶ

Bone metastases are one of the most common manifesta-

ƟŽŶƐ�ŽĨ�ŵĞƚĂƐƚĂƟĐ�ĚŝƐĞĂƐĞ�ŝŶ�ƉĂƟĞŶƚƐ�ǁŝƚŚ�ĐĂŶĐĞƌ�ĂŶĚ�ĂƌĞ�ƚŚĞ�
ƚŚŝƌĚ�ŵŽƐƚ�ĐŽŵŵŽŶ�ƐŝƚĞ�ŽĨ�ĚŝƐƚĂŶƚ�ŵĞƚĂƐƚĂƐĞƐ�ĂŌĞƌ�ůŝǀĞƌ�ĂŶĚ�
ůƵŶŐ�;ϭͿ͘��ƵƚŽƉƐǇ�ƐĞƌŝĞƐ�ƌĞƉŽƌƚ�ĞǀŝĚĞŶĐĞ�ŽĨ�ďŽŶĞ�ŵĞƚĂƐƚĂƐĞƐ�
ŝŶ�ƵƉ�ƚŽ�ϴϱй�ŽĨ�ƉĂƟĞŶƚƐ�ǁŝƚŚ�ĐĂŶĐĞƌ͕ �ĚĞƉĞŶĚŝŶŐ�ŽŶ�ƚŚĞ�ƉƌŝŵĂ-

ƌǇ�ƚƵŵŽƌ�;ϮͿ͘�dŚĞ�ŝŶĐŝĚĞŶĐĞ�ĂŶĚ�ƉƌŽŐŶŽƐŝƐ�ŽĨ�ďŽŶĞ�ŵĞƚĂƐƚĂƐĞƐ�
ǀĂƌŝĞƐ�ǁŝƚŚ�ƉƌŝŵĂƌǇ�ƐŝƚĞƐ͘�DĞƚĂƐƚĂƐĞƐ�ƚŽ�ƚŚĞ�ďŽŶĞ�ŽĐĐƵƌ�ŝŶ�ƵƉ�
ƚŽ�ϳϬй�ŽĨ�ƉƌŽƐƚĂƚĞ�ĂŶĚ�ďƌĞĂƐƚ�ĐĂŶĐĞƌ�ĐĂƐĞƐ�ĂŶĚ�ŝŶ�ƵƉ�ƚŽ�ϰϬй�
ŽĨ�ůƵŶŐ͕�ƌĞŶĂů�ĐĞůů�ĐĂƌĐŝŶŽŵĂ͕�ĂŶĚ�ƚŚǇƌŽŝĚ�ĐĂŶĐĞƌ�ĐĂƐĞƐ�;ϯͿ͘

On the basis of associated symptoms, bone metastases 

ĂƌĞ� ĐůĂƐƐŝĮĞĚ� ĂƐ� ĐŽŵƉůŝĐĂƚĞĚ� ĂŶĚ�ƵŶĐŽŵƉůŝĐĂƚĞĚ͘� dŚĞ�ŵĂŝŶ�

��^dZ��d
�ŝŵƐ�ĂŶĚ��ĂĐŬŐƌŽƵŶĚ͗�dŽ�ĐŽŵƉĂƌĞ�Ϯ�ŵƵůƟĨƌĂĐƟŽŶ�ƌĂĚŝŽƚŚĞƌĂƉǇ�ƐĐŚĞĚƵůĞƐ�ŝŶ�ƚŚĞ�ƉĂůůŝĂƟŽŶ�ŽĨ�ƉĂŝŶĨƵů�ďŽŶĞ�ŵĞ-

ƚĂƐƚĂƐĞƐ͘
DĞƚŚŽĚƐ�ĂŶĚ�^ƚƵĚǇ�ĚĞƐŝŐŶ͗�tĞ�ƌĞƚƌŽƐƉĞĐƟǀĞůǇ�ĂŶĂůǇǌĞĚ�ĐůŝŶŝĐĂů�ĚĂƚĂ�ŽĨ�ϭϬϱ�ƉĂƟĞŶƚƐ�ǁŝƚŚ�Ă�ƚŽƚĂů�ŽĨ�ϭϰϬ�ƉĂŝŶĨƵů�
ďŽŶĞ�ŵĞƚĂƐƚĂƐĞƐ�ǁŚŽ�ǁĞƌĞ�ƚƌĞĂƚĞĚ�ǁŝƚŚ�ϮϬ�'Ǉ�ŝŶ�ϱ�ĨƌĂĐƟŽŶƐ�Žƌ�ϯϬ�'Ǉ�ŝŶ�ϭϬ�ĨƌĂĐƟŽŶƐ͘�dŚĞ�ƉƌŝŵĂƌǇ�ƚƵŵŽƌƐ�ǁĞƌĞ�
ďƌĞĂƐƚ�;ϯϬйͿ͕�ůƵŶŐ�;ϮϴйͿ͕�ĂŶĚ�ƉƌŽƐƚĂƚĞ�;ϭϰйͿ͘�dŚĞ�ŵĂŝŶ�ƐŝƚĞƐ�ŽĨ�ŝƌƌĂĚŝĂƟŽŶ�ǁĞƌĞ�ƐƉŝŶĞ�;Ŷ�с�ϳϵͿ�ĂŶĚ�ƐĂĐƌƵŵ�Žƌ�ƉĞů-
ǀŝƐ�;Ŷ�с�ϯϵͿ͘�WĂŝŶ�ǁĂƐ�ŐƌĂĚĞĚ�ďǇ�ƉĂƟĞŶƚƐ�ĂĐĐŽƌĚŝŶŐ�ƚŽ�ƚŚĞ�ƉĂŝŶ�ŶƵŵĞƌŝĐ�ƌĂƟŶŐ�ƐĐĂůĞ�ũƵƐƚ�ďĞĨŽƌĞ�ĂŶĚ�ϭ�ŵŽŶƚŚ�ĂŌĞƌ�
ƌĂĚŝŽƚŚĞƌĂƉǇ͘�WĂŝŶ�ƉƌŽŐƌĞƐƐŝŽŶ�ǁĂƐ�ĚĞĮŶĞĚ�ĂƐ�ĂŶ�ŝŶĐƌĞĂƐĞ�шϮ�ŽŶ�ƉĂŝŶ�ƐĐĂůĞ�ĂŌĞƌ�ĂŶ�ŝŶŝƟĂů�ƌĞƐƉŽŶƐĞ͘
ZĞƐƵůƚƐ͗�dŚĞ�ŽǀĞƌĂůů�ƌĞƐƉŽŶƐĞ�ƌĂƚĞ�Ăƚ�ϭ�ŵŽŶƚŚ�ǁĂƐ�ϴϴ͘ϲй͘�KǀĞƌĂůů�ƌĞƐƉŽŶƐĞ�ƌĂƚĞ�ǁĂƐ�ϴϵ͘ϲй�ŝŶ�ƚŚĞ�ϮϬͲ'Ǉ�Ăƌŵ�ĂŶĚ�
ϴϳ͘ϯй�ŝŶ�ƚŚĞ�ϯϬͲ'Ǉ�Ăƌŵ�;Ɖ�с�Ϭ͘ϲϲϵͿ͘�dŚĞ�ƌĂƚĞ�ŽĨ�ĐŽŵƉůĞƚĞ�ƌĞƐƉŽŶƐĞ�ǁĂƐ�ƐƚĂƟƐƟĐĂůůǇ�ďĞƩĞƌ�ŝŶ�ƉĂƟĞŶƚƐ�ƚƌĞĂƚĞĚ�
ǁŝƚŚ�ϯϬ�'Ǉ�;Ɖ�с�Ϭ͘ϬϭϵͿ͘�dŚĞ�ŵĞĂŶ�ƌĞĚƵĐƟŽŶ�ŝŶ�ƉĂŝŶ�ǁĂƐ�ϯ͘Ϯ�ŝŶ�ƚŚĞ�ϮϬͲ'Ǉ�ŐƌŽƵƉ�ĂŶĚ�ϯ͘ϲ�ŝŶ�ƚŚĞ�ϯϬͲ'Ǉ�ŐƌŽƵƉ͘�WĂŝŶ�
ƉƌŽŐƌĞƐƐŝŽŶ�ǁĂƐ�ϲ͘ϱй�ĂŶĚ�ϭ͘ϲй͕�ƌĞƐƉĞĐƟǀĞůǇ͘�dŚĞ�ŝŶĐŝĚĞŶĐĞ�ŽĨ�ĂĐƵƚĞ�ƚŽǆŝĐŝƚǇ�ǁĂƐ�ƐƚĂƟƐƟĐĂůůǇ�ƐŝŐŶŝĮĐĂŶƚůǇ�ŚŝŐŚĞƌ�
ŝŶ�ƚŚĞ�ϯϬͲ'Ǉ�Ăƌŵ�;Ϯϯ͘ϴйͿ�ƚŚĂŶ�ŝŶ�ƚŚĞ�ϮϬͲ'Ǉ�Ăƌŵ�;Ϯ͘ϲйͿ�;Ɖ�с�Ϭ͘ϬϬϭͿ͘�KŶĞ�ƉĂƚŚŽůŽŐŝĐ�ĨƌĂĐƚƵƌĞ�ŽĨ�ƚŚĞ�ŝƌƌĂĚŝĂƚĞĚ�ďŽŶĞ�
ǁĂƐ�ŽďƐĞƌǀĞĚ�ŝŶ�ƚŚĞ�ϯϬͲ'Ǉ�Ăƌŵ͘�dǁŽ�ůĞƐŝŽŶƐ͕�ŽŶĞ�ŝŶ�ĞĂĐŚ�ŐƌŽƵƉ͕�ǁĞƌĞ�ƌĞͲŝƌƌĂĚŝĂƚĞĚ�ĨŽƌ�ƉĂŝŶ�ƌĞĐƵƌƌĞŶĐĞ͘�WĂŝŶ�ƉƌŽ-
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�ŽŶĐůƵƐŝŽŶƐ͗ In our series, both regimens achieved high rate of pain relief, although the group treated with higher 
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Ξ�ϮϬϭϱ�/EdD͕�/ƚĂůǇ͘�WƵďůŝƐŚĞĚ�ďǇ�tŝĐŚƟŐ�WƵďůŝƐŚŝŶŐ

ŚĂǀĞ�ĐŽŵƉĂƌĞĚ�ƐŚŽƌƚ�ǀĞƌƐƵƐ�ůŽŶŐ�ĐŽƵƌƐĞ�ƚƌĞĂƚŵĞŶƚƐ͕�ĮŶĚŝŶŐ�
ŶŽ�ĚŝīĞƌĞŶĐĞ�ŝŶ�ƚĞƌŵƐ�ŽĨ�ƉĂŝŶ�ƌĞůŝĞĨ�;ϭϬͲϭϯͿ͘�,ŽǁĞǀĞƌ͕ �ŝƚ�ǁĂƐ�
ŽďƐĞƌǀĞĚ�ƚŚĂƚ�ƉĂƟĞŶƚƐ�ƌĞĐĞŝǀŝŶŐ�Ă�ƐŝŶŐůĞ�ĨƌĂĐƟŽŶ�ŽĨ�Zd�ĞǆƉĞ-

ƌŝĞŶĐĞĚ�ƌĞĐƵƌƌĞŶĐĞ�ŽĨ�ƉĂŝŶ�ĂŶĚ�ƌĞƋƵŝƌĞĚ�ƌĞͲŝƌƌĂĚŝĂƟŽŶ�ƚŽ�ƚŚĞ�
ƐĂŵĞ�ƐŝƚĞ�ŵŽƌĞ�ŽŌĞŶ�ĐŽŵƉĂƌĞĚ�ƚŽ�ƉĂƟĞŶƚƐ�ƌĞĐĞŝǀŝŶŐ�ŵƵůƟƉůĞ�
ĨƌĂĐƟŽŶƐ�;ϭϰͿ͘

/Ŷ�ƚŚŝƐ�ƌĞƉŽƌƚ͕�ǁĞ�ƌĞǀŝĞǁ�ŽƵƌ�ĞǆƉĞƌŝĞŶĐĞ�ŝŶ�ƉĂƟĞŶƚƐ�ǁŝƚŚ�
ƉĂŝŶĨƵů�ƵŶĐŽŵƉůŝĐĂƚĞĚ�ďŽŶĞ�ŵĞƚĂƐƚĂƐĞƐ�ƚƌĞĂƚĞĚ�ǁŝƚŚ�ϮϬ�'Ǉ�ŝŶ�
ϱ�ĨƌĂĐƟŽŶƐ�Žƌ�ϯϬ�'Ǉ�ŝŶ�ϭϬ�ĨƌĂĐƟŽŶƐ�ǁŝƚŚ�ƚŚĞ�Ăŝŵ�ƚŽ�ĐŽŵƉĂƌĞ�
ƚŚĞ�ƉĂůůŝĂƟǀĞ�ĞīĞĐƚ�ŽĨ�ƚŚĞƐĞ�Ϯ�ƚǇƉĞƐ�ŽĨ�ĨƌĂĐƟŽŶĂƟŽŶ͘

WĂƟĞŶƚƐ�ĂŶĚ�DĞƚŚŽĚƐ

�ĞƚǁĞĞŶ�&ĞďƌƵĂƌǇ�ϮϬϭϬ�ĂŶĚ�:ĂŶƵĂƌǇ�ϮϬϭϰ͕�ϭϬϱ�ƉĂƟĞŶƚƐ�
ǁŝƚŚ� Ă� ƚŽƚĂů� ŽĨ� ϭϰϬ� ƉĂŝŶĨƵů� ďŽŶĞ�ŵĞƚĂƐƚĂƐĞƐ� ĨƌŽŵ�ĚŝīĞƌĞŶƚ�
ƐŽůŝĚ� ƚƵŵŽƌƐ�ǁĞƌĞ� ƚƌĞĂƚĞĚ�ǁŝƚŚ� Ϯ� ĚŝīĞƌĞŶƚ�Zd� ƐĐŚĞĚƵůĞƐ� Ăƚ�
ŽƵƌ�ŝŶƐƟƚƵƟŽŶ͘�KĨ�ƚŚĞ�ϭϰϬ�ůĞƐŝŽŶƐ͕�ϳϳ�ǁĞƌĞ�ƚƌĞĂƚĞĚ�ǁŝƚŚ�Ă�ƌĂ-

ĚŝĂƟŽŶ�ĚŽƐĞ�ŽĨ�ϮϬ�'Ǉ�ĚĞůŝǀĞƌĞĚ�ŝŶ�ϱ�ĨƌĂĐƟŽŶƐ�ŽǀĞƌ�ϭ�ǁĞĞŬ�ĂŶĚ�
ϲϯ�ƌĞĐĞŝǀĞĚ�Ă�ƌĂĚŝĂƟŽŶ�ĚŽƐĞ�ŽĨ�ϯϬ�'Ǉ�ĚĞůŝǀĞƌĞĚ�ŝŶ�ϭϬ�ĨƌĂĐƟŽŶƐ�
ŽǀĞƌ�Ϯ�ǁĞĞŬƐ͘

WĂƟĞŶƚƐ�ĂŶĚ� ƚƵŵŽƌ�ĐŚĂƌĂĐƚĞƌŝƐƟĐƐ�ĂƌĞ� ƐŚŽǁŶ� ŝŶ�dĂďůĞ� /͘� 
dŚĞƌĞ� ǁĞƌĞ� ϱϵ� ŵĞŶ� ĂŶĚ� ϰϲ� ǁŽŵĞŶ͘� ^ŝǆƚǇͲĞŝŐŚƚ� ;ϲϱйͿ� ƉĂ-

ƟĞŶƚƐ�ǁĞƌĞ�ƚƌĞĂƚĞĚ�ĨŽƌ�Ă�ƐŝŶŐůĞ�ďŽŶĞ�ŵĞƚĂƐƚĂƐŝƐ�ĂŶĚ�ϯϳ�;ϯϱйͿ� 
ƉĂƟĞŶƚƐ� ĨŽƌ� ϮͲϰ� ŵĞƚĂƐƚĂƐĞƐ͘� dŚĞ� ŵĞĚŝĂŶ� ƉĂƟĞŶƚ� ĂŐĞ� ǁĂƐ� 
ϲϰ�ǇĞĂƌƐ�;ƌĂŶŐĞ�ϯϮͲϴϲͿ͘�dŚĞ�ƉƌŝŵĂƌǇ�ƚƵŵŽƌƐ�ŝŶĐůƵĚĞĚ�ďƌĞĂƐƚ�
carcinoma (30%), lung carcinoma (28%), prostate adenocarci-

ŶŽŵĂ�;ϭϰйͿ͕�ĂŶĚ�ŽƚŚĞƌ�ŚŝƐƚŽůŽŐŝĞƐ�;ϮϴйͿ͘�dŚĞ�ŵŽƐƚ�ĐŽŵŵŽŶ�
ƐŝƚĞ�ŽĨ�ďŽŶĞ�ŵĞƚĂƐƚĂƐĞƐ�ǁĂƐ�ƚŚĞ�ƐƉŝŶĞ�;Ŷ�с�ϳϵͿ� ĨŽůůŽǁĞĚ�ďǇ�
ƐĂĐƌƵŵ�Žƌ�ƉĞůǀŝƐ�;Ŷ�с�ϯϵͿ�ĂŶĚ�ŽƚŚĞƌ�ƐŝƚĞƐ�;Ŷ�с�ϮϮͿ͘�EŝŶĞƚǇͲƚŚƌĞĞ�
;ϴϴйͿ�ƉĂƟĞŶƚƐ�ǁĞƌĞ�ƚĂŬŝŶŐ�ĂŶĂůŐĞƐŝĐ�ĚƌƵŐƐ�Ăƚ�ƚŚĞ�ƟŵĞ�ŽĨ�Zd͘ �
WĂƟĞŶƚƐ�ƌĞĐĞŝǀĞĚ�ϯ��ĐŽŶĨŽƌŵĂů�Zd�ĚĞůŝǀĞƌĞĚ�ǁŝƚŚ�ϲͬϭϱ�ŵĞŐĂ-

ǀŽůƚĂŐĞ� ƉŚŽƚŽŶƐ� ĨƌŽŵ� Ă� ůŝŶĞĂƌ� ĂĐĐĞůĞƌĂƚŽƌ͘ � dĂƌŐĞƚ� ǀŽůƵŵĞƐ�
ǁĞƌĞ� ŝĚĞŶƟĮĞĚ� ŽŶ� ƉůĂŶŶŝŶŐ� ĐŽŵƉƵƚĞĚ� ƚŽŵŽŐƌĂƉŚǇ� ŝŵĂŐĞƐ�
ĂŶĚ� ƐŝŵƵůĂƟŽŶ� ŽĨ� ƚƌĞĂƚŵĞŶƚ� ĮĞůĚƐ� ǁĂƐ� ƉĞƌĨŽƌŵĞĚ� ďĞĨŽƌĞ�
ƚƌĞĂƚŵĞŶƚ͘��ůů�ƉĂƟĞŶƚƐ�ĐŽŵƉůĞƚĞĚ�ƚŚĞ�ƉůĂŶŶĞĚ�Zd�ƐĐŚĞĚƵůĞ͘

dŚĞ�ƉƌŝŵĂƌǇ�ŽďũĞĐƟǀĞ�ŽĨ�ŽƵƌ�ƐƚƵĚǇ�ǁĂƐ�ƚŽ�ĐŽŵƉĂƌĞ�ƚŚĞ�ĞĨ-
ĨĞĐƟǀĞŶĞƐƐ�ŝŶ�ƉĂŝŶ�ƌĞůŝĞĨ�ŽĨ�ƚŚĞ�Ϯ�ĚŝīĞƌĞŶƚ�Zd�ƐĐŚĞĚƵůĞƐ͘�dŚĞ�
secondary endpoint was to compare acute toxicity, patholog-

ic fracture, spinal cord compression, and retreatment rates 

ďĞƚǁĞĞŶ�ƚŚĞ�Ϯ�ŐƌŽƵƉƐ͘�WĂŝŶ�ǁĂƐ�ŐƌĂĚĞĚ�ĂĐĐŽƌĚŝŶŐ�ƚŽ�ƚŚĞ�ƉĂŝŶ�
ŶƵŵĞƌŝĐ�ƌĂƟŶŐ�ƐĐĂůĞ�;EZ^Ϳ�;ϭϱͿ͘�dŚĞ�EZ^�ŝƐ�Ă�ƐŝŶŐůĞ�ϭϭͲƉŽŝŶƚ�
numeric scale that assesses pain severity, ranging from 0 to 

ϭϬ͕�ǁŝƚŚ�Ϭ�ŝŶĚŝĐĂƟŶŐ�ĂďƐĞŶĐĞ�ŽĨ�ƉĂŝŶ�ĂŶĚ�ϭϬ�ŝŶĚŝĐĂƟŶŐ�ŵĂǆŝ-
ŵƵŵ�ƉĂŝŶ�ŝŶƚĞŶƐŝƚǇ͘�dŚĞ�ƐĞǀĞƌŝƚǇ�ŽĨ�ƉĂŝŶ�ǁĂƐ�ĂƐƐĞƐƐĞĚ�ƉƌŝŽƌ�
ƚŽ�ĂŶĚ�ϭ�ŵŽŶƚŚ�ĂŌĞƌ�ƚŚĞ�ĞŶĚ�ŽĨ�Zd͘ �dŚĞ�ĐůŝŶŝĐĂů�ƌĞƐƉŽŶƐĞ�ƚŽ�
ŝƌƌĂĚŝĂƟŽŶ�ǁĂƐ�ĐůĂƐƐŝĮĞĚ�ĂƐ�ĐŽŵƉůĞƚĞ�ƌĞƐƉŽŶƐĞ�;�ZͿ͕�ƌĞƐŽůƵ-

ƟŽŶ�ŽĨ�ƉĂŝŶ͖�ƉĂƌƟĂů� ƌĞƐƉŽŶƐĞ� ;WZͿ͕� ŝŵƉƌŽǀĞŵĞŶƚ�шϮ�ŽŶ� ƚŚĞ�
NRS; and no response, no change in pain symptoms or dete-

ƌŝŽƌĂƟŽŶ͘�WĂŝŶ�ƉƌŽŐƌĞƐƐŝŽŶ�ǁĂƐ�ĚĞĮŶĞĚ�ĂƐ�ĂŶ�ŝŶĐƌĞĂƐĞ�ŝŶ�ƉĂŝŶ�
шϮ�ĂŌĞƌ�ĂŶ�ŝŶŝƟĂů�ƌĞƐƉŽŶƐĞ͘�dŽǆŝĐŝƚǇ�ǁĂƐ�ŵĞĂƐƵƌĞĚ�ďǇ�ƵƐĞ�ŽĨ�
ZĂĚŝĂƟŽŶ�dŚĞƌĂƉǇ�KŶĐŽůŽŐǇ�'ƌŽƵƉ�ĐƌŝƚĞƌŝĂ�;ϭϲͿ͘

�ŚŝͲƐƋƵĂƌĞ�ƚĞƐƚ�ĂŶĚ�ůŽŐŝƐƟĐ�ƌĞŐƌĞƐƐŝŽŶ�ŵŽĚĞů�ǁĞƌĞ�ƵƐĞĚ�
ƚŽ� ŝĚĞŶƟĨǇ� ĨĂĐƚŽƌƐ� ƚŚĂƚ� ŝŶŇƵĞŶĐĞ� ƚŚĞ� ƉĂŝŶ� ƌĞƐƉŽŶƐĞ͘� WĂŝŶ�
ƌĞůŝĞĨ�ǁĂƐ�ƐƚƌĂƟĮĞĚ�ďǇ�Zd�ƐĐŚĞĚƵůĞ͕� ƐŝƚĞ�ŽĨ� ƚƌĞĂƚŵĞŶƚ͕�ĂŐĞ�
;чϱϬ�ǇĞĂƌƐ�Žƌ�хϱϬ�ǇĞĂƌƐͿ͕�ƐĞǆ͕�ŚŝƐƚŽůŽŐǇ͕�ĂŶĚ�ƵƐĞ�ŽĨ�ĂŶĂůŐĞƐŝĐ� 
ĚƌƵŐƐ͘� >ŝŵŝƚ� ĨŽƌ� ƐƚĂƟƐƟĐĂů� ƐŝŐŶŝĮĐĂŶĐĞ� ǁĂƐ� ƉфϬ͘Ϭϱ͘� �ŚŝͲ
square test was used to compare the acute toxicity with 

ĚŽƐĞ͘�^ƚĂƟƐƟĐĂů�ĞǀĂůƵĂƟŽŶ�ǁĂƐ�ƉĞƌĨŽƌŵĞĚ�ƵƐŝŶŐ�^ƚĂƟƐƟĐĂů�
WĂĐŬĂŐĞ� ĨŽƌ� ƚŚĞ�^ŽĐŝĂů�^ĐŝĞŶĐĞƐ�ǀĞƌƐŝŽŶ�ϮϬ� ;^W^^� /ŶĐ͕͘�^�^͕�
�ŚŝĐĂŐŽ͕�/>Ϳ͘

ZĞƐƵůƚƐ

KƵƚĐŽŵĞƐ�ŽĨ�ƚƌĞĂƚŵĞŶƚ�ĂƌĞ�ƐŚŽǁŶ�ŝŶ�dĂďůĞ�//͘�dŚĞ�ŽǀĞƌĂůů�
ƌĞƐƉŽŶƐĞ� ƌĂƚĞ�Ăƚ�ϭ�ŵŽŶƚŚ�ǁĂƐ�ϴϴ͘ϲй͘�dŚĞ�ŽǀĞƌĂůů� ƌĞƐƉŽŶƐĞ�
ƌĂƚĞ�ǁĂƐ�ϴϵ͘ϲй�;�Z�ĂŶĚ�WZ�ƌĂƚĞƐ�ϲ͘ϱй�ĂŶĚ�ϴϯ͘ϭй͕�ƌĞƐƉĞĐƟǀĞůǇͿ� 
ŝŶ�ƚŚĞ�ϮϬͲ'Ǉ�Ăƌŵ�ĐŽŵƉĂƌĞĚ�ǁŝƚŚ�ϴϳ͘ϯй�;�Z�ĂŶĚ�WZ�ƌĂƚĞƐ�ϭϵй�
ĂŶĚ�ϲϴ͘ϯй͕� ƌĞƐƉĞĐƟǀĞůǇͿ� ŝŶ� ƚŚĞ�ϯϬͲ'Ǉ�Ăƌŵ� ;Ɖ�с�Ϭ͘ϲϲϵͿ͘� dŚĞ�
ƌĂƚĞ� ŽĨ� �Z� ǁĂƐ� ƐƚĂƟƐƟĐĂůůǇ� ďĞƩĞƌ� ŝŶ� ƉĂƟĞŶƚƐ� ƚƌĞĂƚĞĚ� ǁŝƚŚ� 
ϯϬ�'Ǉ�;Ɖ�с�Ϭ͘ϬϭϵͿ͘�dŚĞ�ŵĞĂŶ�ƌĞĚƵĐƟŽŶ�ŝŶ�ƉĂŝŶ�ǁĂƐ�ϯ͘Ϯ�ŝŶ�ƚŚĞ�
ϮϬͲ'Ǉ�ŐƌŽƵƉ�ĂŶĚ�ϯ͘ϲ�ŝŶ�ƚŚĞ�ϯϬͲ'Ǉ�ŐƌŽƵƉ͘�WĂŝŶ�ƉƌŽŐƌĞƐƐŝŽŶ�ǁĂƐ�
ĨŽƵŶĚ�ŝŶ�ϲ͘ϱй�ŽĨ�ƚŚĞ�ŝƌƌĂĚŝĂƚĞĚ�ůĞƐŝŽŶƐ�ŝŶ�ƚŚĞ�ϮϬͲ'Ǉ�Ăƌŵ�ĂŶĚ�
ŝŶ�ϭ͘ϲй�ŝŶ�ƚŚĞ�ϯϬͲ'Ǉ�Ăƌŵ͘�dŚŝƐ�ĚŝīĞƌĞŶĐĞ�ǁĂƐ�ŶŽƚ�ƐƚĂƟƐƟĐĂůůǇ�
ƐŝŐŶŝĮĐĂŶƚ͘

dŚĞ� ŝŶĐŝĚĞŶĐĞ� ŽĨ� ĂĐƵƚĞ� ƚŽǆŝĐŝƚǇ� ǁĂƐ� ƐƚĂƟƐƟĐĂůůǇ� ƐŝŐŶŝĮ-

ĐĂŶƚůǇ�ŚŝŐŚĞƌ�ŝŶ�ƚŚĞ�ϯϬͲ'Ǉ�Ăƌŵ�;Ϯϯ͘ϴйͿ�ƚŚĂŶ�ŝŶ�ƚŚĞ�ϮϬͲ'Ǉ�Ăƌŵ�
;Ϯ͘ϲйͿ�;Ɖ�с�Ϭ͘ϬϬϭͿ͘��ĚǀĞƌƐĞ�ĞǀĞŶƚƐ�ǁĞƌĞ�ŵĂŝŶůǇ�ƌĞƉƌĞƐĞŶƚĞĚ�
ďǇ�ŐĂƐƚƌŽŝŶƚĞƐƟŶĂů�ƚŽǆŝĐŝƚǇ͕ �ǁŝƚŚ�ŶĂƵƐĞĂ͕�ǀŽŵŝƟŶŐ͕�ĂŶĚ�ĚŝĂƌ-
ƌŚĞĂ�ďĞŝŶŐ�ƚŚĞ�ŵŽƐƚ�ĐŽŵŵŽŶ�ĂĐƵƚĞ�ƐŝĚĞ�ĞīĞĐƚƐ�ĞǆƉĞƌŝĞŶĐĞĚ�
ďǇ�ƉĂƟĞŶƚƐ͘�KŶůǇ�ŽŶĞ�ƉĂƟĞŶƚ͕� ŝŶ� ƚŚĞ�ϯϬͲ'Ǉ�Ăƌŵ͕�ŚĂĚ�ŐƌĂĚĞ�
ϰ�ĂĐƵƚĞ� ƚŽǆŝĐŝƚǇ� ;ĚŝĂƌƌŚĞĂͿ͘� dǁŽ�ƉĂƟĞŶƚƐ͕� ŝŶ� ƚŚĞ�ϯϬͲ'Ǉ�Ăƌŵ͕�
ƌĞƉŽƌƚĞĚ�ŵŝůĚ�ĚǇƐƉŚĂŐŝĂ͘�dŚĞƌĞ�ǁĂƐ�ŶŽ�ŐƌĂĚĞ�ϯͲϰ�ƚŽǆŝĐŝƚǇ�ŝŶ�
ƚŚĞ�ϮϬͲ'Ǉ�ŐƌŽƵƉ͕�ǁŚŝůĞ�ŐƌĂĚĞ�ϭͲϮ�ƚŽǆŝĐŝƟĞƐ�ǁĞƌĞ�ƌĞƉƌĞƐĞŶƚĞĚ�

d��>� I -�WĂƟĞŶƚƐ�ĂŶĚ�ƚƵŵŽƌ�ĐŚĂƌĂĐƚĞƌŝƐƟĐƐ

ϮϬ�'Ǉ͕�Ŷ�;йͿ ϯϬ�'Ǉ͕�Ŷ�;йͿ

EƵŵďĞƌ�ŽĨ�ƉĂƟĞŶƚƐ ϱϴ 47

Number of lesions 77 ϲϯ

F/M ϮϴͬϯϬ ϮϱͬϮϮ

�ŐĞ͕�Ǉ͕�ŵĞĚŝĂŶ�;ƌĂŶŐĞͿ ϲϴ�;ϯϱͲϴϲͿ ϲϱ�;ϯϮͲϴϮͿ

,ŝƐƚŽůŽŐǇ
 Breast carcinoma ϭϴ�;ϯϭͿ ϭϰ�;ϯϬͿ
 Lung cancer ϮϬ�;ϯϱͿ ϵ�;ϭϵͿ
 Prostate adenocarcinoma ϲ�;ϭϬͿ ϵ�;ϭϵͿ
� KƚŚĞƌƐ ϭϰ�;ϮϰͿ ϭϱ�;ϯϮͿ

EƵŵďĞƌ�ŽĨ�ŵĞƚĂƐƚĂƐĞƐ�ƉĞƌ�ƉĂƟĞŶƚ
 Single ϰϱ�;ϳϳͿ ϯϭ�;ϲϲͿ
� DƵůƟƉůĞ�;ϮͲϰͿ ϭϯ�;ϮϯͿ ϭϲ�;ϯϰͿ

Site of metastases

 Spine ϰϳ�;ϲϭͿ ϯϮ�;ϱϭͿ
 Sacrum or pelvis ϭϵ�;ϮϱͿ ϮϬ�;ϯϮͿ
� KƚŚĞƌƐ ϭϭ�;ϭϰͿ ϭϭ�;ϭϳͿ

d��>��//�ͳ�KƵƚĐŽŵĞƐ�ŽĨ�ϭϰϬ�ŝƌƌĂĚŝĂƚĞĚ�ůĞƐŝŽŶƐ

ϮϬ�'Ǉ͕�й ϯϬ�'Ǉ͕�й

KǀĞƌĂůů�ƌĞƐƉŽŶƐĞ ϴϵ͘ϲ ϴϳ͘ ϯ

Complete response ϲ͘ϱ ϭϵ

WĂƌƟĂů�ƌĞƐƉŽŶƐĞ ϴϯ͘ϭ ϲϴ͘ϯ

No response ϭϬ ϭϯ

Pain progression ϲ͘ϱ ϭ͘ϲ

�ĐƵƚĞ�ƚŽǆŝĐŝƚǇ 2.6 Ϯϯ͘ϴ
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Ξ�ϮϬϭϱ�/EdD͕�/ƚĂůǇ͘�WƵďůŝƐŚĞĚ�ďǇ�tŝĐŚƟŐ�WƵďůŝƐŚŝŶŐ

ďǇ�ŶĂƵƐĞĂ�ĂŶĚ�ǀŽŵŝƟŶŐ͘�KŶĞ�ƉĂƟĞŶƚ�ŝŶ�ƚŚĞ�ϯϬͲ'Ǉ�Ăƌŵ�ĞǆƉĞ-

ƌŝĞŶĐĞĚ�ƉĂƚŚŽůŽŐŝĐ�ĨƌĂĐƚƵƌĞ�ŽĨ�ƚŚĞ�ŝƌƌĂĚŝĂƚĞĚ�ďŽŶĞ�ϰ�ŵŽŶƚŚƐ�
ĂŌĞƌ� ƚƌĞĂƚŵĞŶƚ͘� dǁŽ� ůĞƐŝŽŶƐ͕� ŽŶĞ� ŝŶ� ĞĂĐŚ� ŐƌŽƵƉ͕� ǁĞƌĞ� ƌĞͲ
ŝƌƌĂĚŝĂƚĞĚ� ĨŽƌ�ƉĂŝŶ� ƌĞĐƵƌƌĞŶĐĞ�ϱ�ĂŶĚ�ϭϴ�ŵŽŶƚŚƐ�ĂŌĞƌ� ŝŶŝƟĂů�
ƚƌĞĂƚŵĞŶƚ͕�ƌĞƐƉĞĐƟǀĞůǇ͘

�Ǉ� ůŽŐŝƐƟĐ� ƌĞŐƌĞƐƐŝŽŶ͕� ŶŽ� ĚŝīĞƌĞŶĐĞ� ŝŶ� ƌĞƐƉŽŶƐĞ� ƌĂƚĞ� Ăƚ� 
1 month was found between the 2 treatment arms when 

ƐƚƌĂƟĮĞĚ�ďǇ�Zd�ƐĐŚĞĚƵůĞ͕�ƐŝƚĞ�ŽĨ�ƚƌĞĂƚŵĞŶƚ͕�ĂŐĞ�;чϱϬ�ǇĞĂƌƐ�Žƌ�
хϱϬ�ǇĞĂƌƐͿ͕�ƐĞǆ͕�ŚŝƐƚŽůŽŐǇ͕ �ĂŶĚ�ƵƐĞ�ŽĨ�ĂŶĂůŐĞƐŝĐ�ĚƌƵŐƐ͘

�ŝƐĐƵƐƐŝŽŶ

dŚĞ� ŽƉƟŵĂů� ĚŽƐĞƐ� ĂŶĚ� ĨƌĂĐƟŽŶĂƟŽŶ� ĨŽƌ� ƚŚĞ� ƚƌĞĂƚŵĞŶƚ�
ŽĨ� ƐǇŵƉƚŽŵĂƟĐ�ďŽŶĞ�ŵĞƚĂƐƚĂƐĞƐ� ĂƌĞ�ŶŽƚ�ǁĞůůͲĚĞĮŶĞĚ�ĂŶĚ�
ƐĞǀĞƌĂů�ƌĂŶĚŽŵŝǌĞĚ�ƚƌŝĂůƐ�ŚĂǀĞ�ĐŽŵƉĂƌĞĚ�ĚŝīĞƌĞŶƚ�ƐĐŚĞĚƵůĞƐ�
ĐŽŶĐůƵĚŝŶŐ�ƚŚĂƚ�ƐŝŶŐůĞͲĨƌĂĐƟŽŶ�Zd�ŝƐ�ĂƐ�ĞīĞĐƟǀĞ�ĨŽƌ�ƉĂŝŶ�ƌĞůŝĞĨ�
ĂƐ�ŵƵůƟĨƌĂĐƟŽŶ�ƌĞŐŝŵĞŶƐ�ƐƵĐŚ�ĂƐ�ϮϬ�'Ǉ�ŝŶ�ϱ�ĨƌĂĐƟŽŶƐ�Žƌ�ϯϬ�'Ǉ� 
ŝŶ�ϭϬ�ĨƌĂĐƟŽŶƐ͕�ĂůƚŚŽƵŐŚ�ƌĞͲŝƌƌĂĚŝĂƟŽŶ�ĨŽƌ�ƌĞĐƵƌƌĞŶƚ�ƉĂŝŶ� ŝƐ�
ƌĞƋƵŝƌĞĚ�ŵŽƌĞ�ŽŌĞŶ�ĂŌĞƌ�ƐŝŶŐůĞͲĨƌĂĐƟŽŶ�ƚƌĞĂƚŵĞŶƚ�;ϭϬͲϭϯͿ͘�
Results from a meta-analysis by Wu et al (10) including data 

ĨƌŽŵ�ϴ�ƌĂŶĚŽŵŝǌĞĚ�ƚƌŝĂůƐ�ĐŽŵƉĂƌŝŶŐ�ƐŝŶŐůĞͲĨƌĂĐƟŽŶ�Zd�ǁŝƚŚ�
ϴͲϭϬ�'Ǉ� ƚŽ�ŵƵůƟĨƌĂĐƟŽŶ� ƌĞŐŝŵĞŶƐ�ǁŝƚŚ� ĚŽƐĞƐ� ŽĨ� ϮϬͲϯϬ�'Ǉ�
ĚĞůŝǀĞƌĞĚ� ŝŶ� ϱͲϭϬ� ĨƌĂĐƟŽŶƐ� ƐŚŽǁĞĚ� ƐŝŵŝůĂƌ� ƌĞƐƉŽŶƐĞ� ƌĂƚĞƐ�
ďĞƚǁĞĞŶ�ŐƌŽƵƉƐ͘�dŚĞ�ŽǀĞƌĂůů�ĂŶĚ��Z�ƌĂƚĞƐ�ǁĞƌĞ�ϳϮ͘ϳй�ĂŶĚ�
ϯϵ͘Ϯй�ĨŽƌ�ƉĂƟĞŶƚƐ�ƚƌĞĂƚĞĚ�ǁŝƚŚ�ƐŝŶŐůĞͲĨƌĂĐƟŽŶ�Zd�ĂŶĚ�ϳϮ͘ϱй�
ĂŶĚ� ϰϬй� ĨŽƌ� ƚŚŽƐĞ� ƚƌĞĂƚĞĚ�ǁŝƚŚ�ŵƵůƟĨƌĂĐƟŽŶ� ƌĞŐŝŵĞŶƐ͘� /Ŷ�
the meta-analysis by Sze et al (11), which included 3508 pa-

ƟĞŶƚƐ�ĨƌŽŵ�ϭϮ�ƌĂŶĚŽŵŝǌĞĚ�ƚƌŝĂůƐ͕�ŽǀĞƌĂůů�ƌĞƐƉŽŶƐĞ�;KZͿ�ƌĂƚĞƐ�
ǁĞƌĞ�ϲϬй�ĂŌĞƌ�ƐŝŶŐůĞͲĨƌĂĐƟŽŶ�ĂŶĚ�ϱϵй�ĂŌĞƌ�ŵƵůƟĨƌĂĐƟŽŶ�Zd�
ĂŶĚ�ƌĞƐƉĞĐƟǀĞ��Z�ƌĂƚĞƐ�ǁĞƌĞ�ϯϰй�ĂŶĚ�ϯϮй͘�DŽƌĞ�ƌĞĐĞŶƚůǇ͕�
ŝŶ� Ă� ƐǇƐƚĞŵĂƟĐ� ƌĞǀŝĞǁ� ŽĨ� Ϯϱ� ƌĂŶĚŽŵŝǌĞĚ� ƚƌŝĂůƐ� ĐŽŵƉĂƌŝŶŐ�
ƐŝŶŐůĞͲĨƌĂĐƟŽŶ�ǀĞƌƐƵƐ�ĚŝīĞƌĞŶƚ�ŵƵůƟĨƌĂĐƟŽŶ�ƌĞŐŝŵĞŶƐ͕��ŚŽǁ�
et al (13) found similar response rates between treatment 

ĂƌŵƐ͘�KǀĞƌĂůů� ƌĞƐƉŽŶƐĞ� ƌĂƚĞƐ�ǁĞƌĞ�ϳϮй� ŝŶ�ƉĂƟĞŶƚƐ� ƚƌĞĂƚĞĚ�
ǁŝƚŚ�ƐŝŶŐůĞͲĨƌĂĐƟŽŶ�Zd�ĂŶĚ�ϳϰй�ŝŶ�ƚŚŽƐĞ�ƌĞĐĞŝǀŝŶŐ�ŵƵůƟĨƌĂĐ-

ƟŽŶ�ƌĞŐŝŵĞŶƐ͘�ZĞƐƉĞĐƟǀĞ��Z�ƌĂƚĞƐ�ǁĞƌĞ�Ϯϴй�ĂŶĚ�ϯϬй͘�dĂŬĞŶ�
ƚŽŐĞƚŚĞƌ͕ �ƚŚĞƐĞ�ƌĞƐƵůƚƐ�ƐƵƉƉŽƌƚ�ƚŚĞ�ƵƐĞ�ŽĨ�ƐŝŶŐůĞͲĨƌĂĐƟŽŶ�Zd�
ĂƐ�ĂŶ�ĂůƚĞƌŶĂƟǀĞ�ƚŽ�ĨƌĂĐƟŽŶĂƚĞĚ�ƚƌĞĂƚŵĞŶƚ�ĂŶĚ͕�ŽŶ�ƚŚŝƐ�ďĂƐŝƐ͕�
Ă�ƌĞĐĞŶƚ�ŐƵŝĚĞůŝŶĞ�ďǇ�ƚŚĞ��ŵĞƌŝĐĂŶ�^ŽĐŝĞƚǇ�ĨŽƌ�dŚĞƌĂƉĞƵƟĐ�
ZĂĚŝŽůŽŐǇ� ĂŶĚ�KŶĐŽůŽŐǇ� ƌĞĐŽŵŵĞŶĚĞĚ� ƐŝŶŐůĞ� ĨƌĂĐƟŽŶƐ� ĨŽƌ�
ƵŶĐŽŵƉůŝĐĂƚĞĚ�ďŽŶĞ�ŵĞƚĂƐƚĂƐĞƐ͕� ĂƐ�ƉĂƟĞŶƚ� ĐŽŶǀĞŶŝĞŶĐĞ� ŝƐ�
ŽƉƟŵŝǌĞĚ�;ϭϳͿ͘�,ŽǁĞǀĞƌ͕ �ƚŚĞ�ĂƵƚŚŽƌƐ�ƐƵŐŐĞƐƚĞĚ�ƚŚĂƚ�ŵƵůƟ-

ĨƌĂĐƟŽŶ�Zd�ĐŽƵůĚ�ĂůƐŽ�ďĞ�ĐŽŶƐŝĚĞƌĞĚ͕�ĂƐ�ƉĂƟĞŶƚƐ�ĂƌĞ�ůĞƐƐ�ůŝŬĞůǇ�
ƚŽ�ƌĞƋƵŝƌĞ�ƌĞƚƌĞĂƚŵĞŶƚ͘�/Ŷ�ĐůŝŶŝĐĂů�ƉƌĂĐƟĐĞ͕�ŵĂŶǇ�ƉŚǇƐŝĐŝĂŶƐ�
ƉƌĞĨĞƌ� ƚŽ� ƉƌĞƐĐƌŝďĞ� ŵƵůƟĨƌĂĐƟŽŶ� ƌĞŐŝŵĞŶƐ� ;ϭϴͿ͘� ,ŽǁĞǀĞƌ͕ � 
Ă� ĐĂƌĞĨƵů� ƐĞůĞĐƟŽŶ�ŽĨ� ƉĂƟĞŶƚƐ� ƐŚŽƵůĚ�ďĞ�ŵĂĚĞ�ĂŶĚ� ƐŝŶŐůĞͲ 
ĨƌĂĐƟŽŶ� Žƌ� ƐŚŽƌƚͲĐŽƵƌƐĞ�ŵƵůƟĨƌĂĐƟŽŶ� ƐĐŚĞĚƵůĞƐ� ƐŚŽƵůĚ� ďĞ�
ĐŽŶƐŝĚĞƌĞĚ� ƉƌĞĨĞƌĂďůĞ� ŝŶ� ƉĂƟĞŶƚƐ� ǁŝƚŚ� ƉŽŽƌ� ƉĞƌĨŽƌŵĂŶĐĞ�
ƐƚĂƚƵƐ� ĂŶĚͬŽƌ� ůŝŵŝƚĞĚ� ůŝĨĞ� ĞǆƉĞĐƚĂŶĐǇ͘� EĞǀĞƌƚŚĞůĞƐƐ͕� ǁŚĞŶ�
ƉŽƐƐŝďůĞ͕� ƉĂƟĞŶƚ� ƉƌĞĨĞƌĞŶĐĞ� ƐŚŽƵůĚ� ĂůƐŽ� ďĞ� ĐŽŶƐŝĚĞƌĞĚ� ŝŶ�
ƚƌĞĂƚŵĞŶƚ�ĚĞĐŝƐŝŽŶƐ͘�^ŚĂŬĞƐƉĞĂƌĞ�Ğƚ�Ăů�;ϭϵͿ�ƵƐĞĚ�Ă�ĚĞĐŝƐŝŽŶ�
ďŽĂƌĚ�ŝŶƐƚƌƵŵĞŶƚ�ďĂƐĞĚ�ŽŶ�ƚŚĞ��ƵƚĐŚ��ŽŶĞ�DĞƚĂƐƚĂƐŝƐ�^ƚƵĚǇ�
ƚŽ� ĚĞƚĞƌŵŝŶĞ�ǁŚŝĐŚ� ĨƌĂĐƟŽŶĂƟŽŶ� ƐĐŚĞĚƵůĞ� ƉĂƟĞŶƚƐ�ǁŽƵůĚ�
ĐŚŽŽƐĞ�ďĞƚǁĞĞŶ�ƐŝŶŐůĞͲĨƌĂĐƟŽŶ�Žƌ�ŵƵůƟĨƌĂĐƟŽŶ�Zd͘ �dŚĞ�ĂƵ-

ƚŚŽƌƐ�ƌĞƉŽƌƚĞĚ�ƚŚĂƚ�ϴϱй�ŽĨ�ƉĂƟĞŶƚƐ�ĐŚŽƐĞ�ƚŚĞ�ŵƵůƟĨƌĂĐƟŽŶ�
schedule because of lower retreatment and fracture rates 

ĐŽŵƉĂƌĞĚ�ƚŽ�ƐŝŶŐůĞͲĨƌĂĐƟŽŶ�Zd͕ �ǁŚŝůĞ�ƚŚĞ�ƌĞĂƐŽŶƐ�ĨŽƌ�ĐŚŽŽƐ-
ŝŶŐ�ƚŚĞ�ƐŝŶŐůĞͲĨƌĂĐƟŽŶ�ƚƌĞĂƚŵĞŶƚ�ǁĞƌĞ�ĐŽƐƚ�Žƌ�ĐŽŶǀĞŶŝĞŶĐĞ͘�
/Ŷ�ĐŽŶƚƌĂƐƚ͕�^ǌƵŵĂĐŚĞƌ�Ğƚ�Ăů�;ϮϬͿ�ĨŽƵŶĚ�ƚŚĂƚ�ϳϲй�ŽĨ�ƉĂƟĞŶƚƐ�
ƉƌĞĨĞƌƌĞĚ�ƐŝŶŐůĞͲĨƌĂĐƟŽŶ�Zd�ďĞĐĂƵƐĞ�ŽĨ�ĐŽŶǀĞŶŝĞŶĐĞ͘

/Ŷ� ƚŚĞ� ĐƵƌƌĞŶƚ� ƐƚƵĚǇ͕� ǁĞ� ĐŽŵƉĂƌĞĚ� Ϯ� ŵƵůƟĨƌĂĐƟŽŶ� Zd�
ƐĐŚĞĚƵůĞƐ�ŽĨ�ϮϬ�'Ǉ� ŝŶ�ϱ�ĨƌĂĐƟŽŶƐ�ĂŶĚ�ϯϬ�'Ǉ� ŝŶ�ϭϬ�ĨƌĂĐƟŽŶƐ�
ŝŶ�ƉĂƟĞŶƚƐ�ǁŝƚŚ�ƉĂŝŶĨƵů�ďŽŶĞ�ŵĞƚĂƐƚĂƐĞƐ͘�tĞ�ĨŽƵŶĚ�ƐŝŵŝůĂƌ�
ƌĂƚĞƐ�ŽĨ�ƉĂŝŶ�ƌĞůŝĞĨ�ďĞƚǁĞĞŶ�ŐƌŽƵƉƐ͕�ƐƵŐŐĞƐƟŶŐ�ƚŚĂƚ�ĂŶ�Ăď-

ďƌĞǀŝĂƚĞĚ� ĐŽƵƌƐĞ� ŽĨ� Zd� ŝƐ� ĂƐ� ĞīĞĐƟǀĞ� ĂƐ� ůŽŶŐͲĐŽƵƌƐĞ� ƚƌĞĂƚ-
ŵĞŶƚ� ĨŽƌ� ƉĂůůŝĂƟŽŶ� ŽĨ� ƐǇŵƉƚŽŵĂƟĐ� ďŽŶĞ� ŵĞƚĂƐƚĂƐĞƐ͘� dŚĞ�
ŽǀĞƌĂůů�ƌĞƐƉŽŶƐĞ�ƌĂƚĞ�Ăƚ�ϭ�ŵŽŶƚŚ�ǁĂƐ�ϴϴ͘ϲй͘�dŚĞ�ŽǀĞƌĂůů�ƌĞ-

ƐƉŽŶƐĞ� ƌĂƚĞ�ǁĂƐ� ϴϵ͘ϲй� ;�Z� ĂŶĚ� WZ� ƌĂƚĞƐ� ϲ͘ϱй� ĂŶĚ� ϴϯ͘ϭй͕�
ƌĞƐƉĞĐƟǀĞůǇͿ�ŝŶ�ƚŚĞ�ϮϬͲ'Ǉ�Ăƌŵ�ĐŽŵƉĂƌĞĚ�ǁŝƚŚ�ϴϳ͘ϯй�;�Z�ĂŶĚ�
WZ�ƌĂƚĞƐ�ϭϵй�ĂŶĚ�ϲϴ͘ϯй͕�ƌĞƐƉĞĐƟǀĞůǇͿ� ŝŶ� ƚŚĞ�ϯϬͲ'Ǉ�Ăƌŵ�;Ɖ�
с�Ϭ͘ϲϲϵͿ͘� dŚĞ� ƌĂƚĞ�ŽĨ��Z�ǁĂƐ� ƐƚĂƟƐƟĐĂůůǇ�ďĞƩĞƌ� ŝŶ�ƉĂƟĞŶƚƐ�
ƚƌĞĂƚĞĚ�ǁŝƚŚ�ϯϬ�'Ǉ�;Ɖ�с�Ϭ͘ϬϭϵͿ͘�dŚĞ�ŵĞĂŶ�ƌĞĚƵĐƟŽŶ�ŝŶ�ƉĂŝŶ�
ǁĂƐ�ϯ͘Ϯ�ŝŶ�ƚŚĞ�ϮϬͲ'Ǉ�ŐƌŽƵƉ�ĂŶĚ�ϯ͘ϲ�ŝŶ�ƚŚĞ�ϯϬͲ'Ǉ�ŐƌŽƵƉ͘�WĂŝŶ�
ƉƌŽŐƌĞƐƐŝŽŶ�ǁĂƐ�ĨŽƵŶĚ�ŝŶ�ϲ͘ϱй�ŽĨ�ƚŚĞ�ŝƌƌĂĚŝĂƚĞĚ�ůĞƐŝŽŶƐ�ŝŶ�ƚŚĞ�
ϮϬͲ'Ǉ�Ăƌŵ�ĂŶĚ� ŝŶ�ϭ͘ϲй�ŝŶ�ƚŚĞ�ϯϬͲ'Ǉ�Ăƌŵ͘�KƵƌ�ƌĞƐƵůƚƐ�ĐŽŵ-

ƉĂƌĞ� ĨĂǀŽƌĂďůǇ�ǁŝƚŚ� ƉƌĞǀŝŽƵƐůǇ� ƌĞƉŽƌƚĞĚ� ƐĞƌŝĞƐ͘� EŝĞǁĂůĚ� Ğƚ�
Ăů� ;ϮϭͿ� ĨŽƵŶĚ�ŶŽ� ƐŝŐŶŝĮĐĂŶƚ� ĚŝīĞƌĞŶĐĞ� ŝŶ� ƉĂŝŶ� ƌĞůŝĞĨ� ŝŶ� ϭϬϬ�
ƉĂƟĞŶƚƐ� ƌĂŶĚŽŵůǇ�ĂƐƐŝŐŶĞĚ� ƚŽ� ƌĞĐĞŝǀĞ�ϮϬ�'Ǉ� ŝŶ�ϱ� ĨƌĂĐƟŽŶƐ�
Žƌ�ϯϬ�'Ǉ�ŝŶ�ϭϱ�ĨƌĂĐƟŽŶƐ͘��ŽŵƉůĞƚĞ�ƌĞƐƉŽŶƐĞ�ƌĂƚĞƐ�ǁĞƌĞ�ϭϰй�
ĨŽƌ�ƚŚĞ�ϮϬͲ'Ǉ�Ăƌŵ�ĂŶĚ�ϮϮй�ĨŽƌ�ƚŚĞ�ϯϬͲ'Ǉ�Ăƌŵ͘�,ŽǁĞǀĞƌ͕ �ĚĞ-

ƐƉŝƚĞ�Ă�ƐŵĂůů�ƚƌĞŶĚ�ĨĂǀŽƌŝŶŐ�ƚŚĞ�ϯϬͲ'Ǉ�ƚƌĞĂƚŵĞŶƚ͕�ƚŚĞ�ĂƵƚŚŽƌƐ�
ĐŽŶĐůƵĚĞĚ�ƚŚĂƚ�ƚŚĞ�ϮϬͲ'Ǉ�ƐĐŚĞĚƵůĞ�ŝƐ�ƉƌĞĨĞƌĂďůĞ�ďĞĐĂƵƐĞ�ŽĨ�
ƚŚĞ�ůŝŵŝƚĞĚ�ůŝĨĞ�ĞǆƉĞĐƚĂŶĐǇ�ŽĨ�ƉĂƟĞŶƚƐ�ǁŝƚŚ�ďŽŶĞ�ŵĞƚĂƐƚĂƐĞƐ͘�
/Ŷ� Ă� ƌĂŶĚŽŵŝǌĞĚ� ƚƌŝĂů� ŽĨ� ϭϱϬ�ƉĂƟĞŶƚƐ� ƚƌĞĂƚĞĚ�ǁŝƚŚ� Ă� ƐŝŶŐůĞ�
ĨƌĂĐƟŽŶ�ŽĨ�ϴ�'Ǉ�Žƌ�ŵƵůƟĨƌĂĐƟŽŶƐ�ŽĨ�ϮϬ�'Ǉ�Žƌ�ϯϬ�'Ǉ͕��ůͲ^ŚĞŶ-

shawy et al (22) reported similar response rates among the 

ϯ�ŐƌŽƵƉƐ͘�dŚĞ�KZ�ĂŶĚ��Z�ƌĂƚĞƐ�ǁĞƌĞ�ϳϴй�ĂŶĚ�ϯϮй�ŝŶ�ƉĂƟĞŶƚƐ�
ǁŚŽ�ƌĞĐĞŝǀĞĚ�ϮϬ�'Ǉ�ĂŶĚ�ϴϬй�ĂŶĚ�ϯϮй�ŝŶ�ƚŚŽƐĞ�ǁŚŽ�ƌĞĐĞŝǀĞĚ�
ϯϬ�'Ǉ͕�ƌĞƐƉĞĐƟǀĞůǇ͘�/Ŷ�Ă�ƐŝŵŝůĂƌ�ϯͲĂƌŵ�ƌĂŶĚŽŵŝǌĞĚ�ƚƌŝĂů�ŽĨ�ϲϬ�
ƉĂƟĞŶƚƐ�ǁŝƚŚ�ďŽŶĞ�ŵĞƚĂƐƚĂƐĞƐ͕�^ĂĨǁĂƚ�Ğƚ�Ăů�;ϮϯͿ�ƌĞƉŽƌƚĞĚ�KZ�
ƌĂƚĞƐ�ŽĨ�ϲϱй�ĂŶĚ�ϰϱй� ĨŽƌ�ƉĂƟĞŶƚƐ� ƚƌĞĂƚĞĚ�ǁŝƚŚ�ϮϬ�'Ǉ�ĂŶĚ�
ϯϬ�'Ǉ͕�ƌĞƐƉĞĐƟǀĞůǇ͘

dŚĞ�ŵĂŝŶ�ƌĞĂƐŽŶ�ĨŽƌ�ƵƐŝŶŐ�ƐŝŶŐůĞͲĨƌĂĐƟŽŶ�Žƌ�ƐŚŽƌƚͲĐŽƵƌƐĞ�
Zd� ŝŶ�ƉĂƟĞŶƚƐ�ǁŝƚŚ�ďŽŶĞ�ŵĞƚĂƐƚĂƐĞƐ� ŝƐ� ƚŚĂƚ�ŚŝŐŚ� ƌĂĚŝĂƟŽŶ�
total doses may be associated with an increased risk of 

ĂĐƵƚĞ�ĂŶĚ�ůĂƚĞ�ƚŽǆŝĐŝƚǇ�ĂŶĚ�ƚŚŝƐ�ŝƐ�ŽĨ�ĐŽŶĐĞƌŶ�ŝŶ�ƉĂƟĞŶƚƐ�ǁŝƚŚ�
Ă�ǁŽƌƐĞŶĞĚ�ƋƵĂůŝƚǇ�ŽĨ� ůŝĨĞ�ĂŶĚ�Ă� ůŝŵŝƚĞĚ� ůŝĨĞ�ĞǆƉĞĐƚĂŶĐǇ͘� /Ŷ�
ŽƵƌ�ƐƚƵĚǇ͕�ĂĐƵƚĞ� ƚŽǆŝĐŝƚǇ�ŽĐĐƵƌƌĞĚ� ŝŶ�Ϯ͘ϲй�ŽĨ�ƉĂƟĞŶƚƐ�ǁŚŽ�
ƌĞĐĞŝǀĞĚ� ϮϬ� 'Ǉ� ĂŶĚ� ŝŶ� Ϯϯ͘ϴй� ŽĨ� ƉĂƟĞŶƚƐ� ƌĞĐĞŝǀŝŶŐ� ϯϬ� 'Ǉ�
;Ɖ� с� Ϭ͘ϬϬϭͿ͘� /Ŷ� ϮϳϮ� ƉĂƟĞŶƚƐ� ƌĂŶĚŽŵůǇ� ĂƐƐŝŐŶĞĚ� ƚŽ� ƌĞĐĞŝǀĞ�
ϴ� 'Ǉ� ŝŶ� ƐŝŶŐůĞ� ĨƌĂĐƟŽŶ� Žƌ� ϮϬ� 'Ǉ� ŝŶ� ϱ� ĨƌĂĐƟŽŶƐ͕� ZŽŽƐ� Ğƚ� Ăů�
;ϮϰͿ� ƌĞƉŽƌƚĞĚ� Ϯй� ŽĨ� ŐƌĂĚĞ� ϯ� ƚŽǆŝĐŝƚǇ� ŝŶ� ƉĂƟĞŶƚƐ� ƚƌĞĂƚĞĚ�
ǁŝƚŚ� ϮϬ�'Ǉ͘�EŽ� ŐƌĂĚĞ� ϰ� ƚŽǆŝĐŝƚǇ�ǁĂƐ� ŽďƐĞƌǀĞĚ͘� /Ŷ� ĂŶŽƚŚĞƌ�
ƌĂŶĚŽŵŝǌĞĚ� ƚƌŝĂů͕� ďǇ� ,ĂƌƚƐĞůů� Ğƚ� Ăů� ;ϮϱͿ͕� ĐŽŵƉĂƌŝŶŐ� ƐŝŶŐůĞͲ
ĨƌĂĐƟŽŶ� ;ϴ�'ǇͿ� ǀĞƌƐƵƐ�ŵƵůƟĨƌĂĐƟŽŶ� ;ϯϬ�'ǇͿ� Zd� ŝŶ� ƉĂƟĞŶƚƐ�
ǁŝƚŚ� ďƌĞĂƐƚ� Žƌ� ƉƌŽƐƚĂƚĞ� ĐĂŶĐĞƌ͕ � ŐƌĂĚĞ� ϮͲϰ� ƚŽǆŝĐŝƟĞƐ� ŽĐ-

ĐƵƌƌĞĚ� ŝŶ�ϭϳй�ŽĨ� ϰϯϯ�ƉĂƟĞŶƚƐ�ǁŚŽ� ƌĞĐĞŝǀĞĚ�ϯϬ�'Ǉ͘� /Ŷ� ƚŚĞ�
ƌĂŶĚŽŵŝǌĞĚ�ƚƌŝĂů�ďǇ��ůͲ^ŚĞŶƐŚĂǁǇ�Ğƚ�Ăů� ;ϮϮͿ͕�ŶŽ�ƐŝŐŶŝĮĐĂŶƚ� 
ĚŝīĞƌĞŶĐĞ�ŝŶ�ĂĐƵƚĞ�ƚŽǆŝĐŝƚǇ�ƌĂƚĞ�ǁĂƐ�ŽďƐĞƌǀĞĚ�ďĞƚǁĞĞŶ�ƚŚĞ� 
ϮϬͲ'Ǉ�ĂŶĚ�ϯϬͲ'Ǉ�Ăƌŵ͘�DŽƌĞ�ƌĞĐĞŶƚůǇ͕�ŝŶ�ϭϲϬ�ƉĂƟĞŶƚƐ�ƌĂŶĚŽŵ-

ůǇ�ĂƐƐŝŐŶĞĚ�ƚŽ�ƌĞĐĞŝǀĞ�ƐŝŶŐůĞͲĨƌĂĐƟŽŶ�Zd�ŽĨ�ϴ�'Ǉ�Žƌ�ŵƵůƟĨƌĂĐ-

ƟŽŶ�ƚƌĞĂƚŵĞŶƚ�ŽĨ�ϯϬ�'Ǉ�ŝŶ�ϭϬ�ĨƌĂĐƟŽŶƐ͕�&ŽƌŽ��ƌŶĂůŽƚ�Ğƚ�Ăů�;ϮϲͿ�
ƌĞƉŽƌƚĞĚ�ŐƌĂĚĞ�ϭͲϮ�ƚŽǆŝĐŝƚǇ�ŝŶ�ϭϴй�ŽĨ�ƉĂƟĞŶƚƐ�ƚƌĞĂƚĞĚ�ǁŝƚŚ� 
ϯϬ�'Ǉ͘�EŽ�ŐƌĂĚĞ�ϯͲϰ�ƚŽǆŝĐŝƚǇ�ǁĂƐ�ŽďƐĞƌǀĞĚ͘

dŚĞ�ŵĂŝŶ� ůŽŶŐͲƚĞƌŵ� ƐŝĚĞ� ĞīĞĐƚ� ŽĨ� Zd� ƚŽ� ƚŚĞ� ďŽŶĞ� ŝƐ� ƚŚĞ�
ƉŽƚĞŶƟĂů� ƌŝƐŬ� ŽĨ� ƉĂƚŚŽůŽŐŝĐ� ĨƌĂĐƚƵƌĞ� ŝŶ� ƚŚĞ� ŝƌƌĂĚŝĂƚĞĚ� ƌĞŐŝŽŶ͘�
,ŽǁĞǀĞƌ͕ � ĂƐ� ƐƵŐŐĞƐƚĞĚ� ďǇ� ZĂĚĞƐ� ;ϮϳͿ͕� ŝƚ� ŵĂǇ� ƐŽŵĞƟŵĞƐ� ďĞ�
ĚŝĸĐƵůƚ� ƚŽ�ĚŝƐƟŶŐƵŝƐŚ�ďĞƚǁĞĞŶ� ĨƌĂĐƚƵƌĞƐ�ĚƵĞ� ƚŽ�ƉƌŽŐƌĞƐƐŝŽŶͬ 
ƌĞĐƵƌƌĞŶĐĞ�ŽĨ�ŽƐƚĞŽůǇƟĐ�ďŽŶĞ�ŵĞƚĂƐƚĂƐĞƐ�ĂŶĚ�ƌĂĚŝĂƟŽŶͲŝŶĚƵĐĞĚ� 
ĨƌĂĐƚƵƌĞƐ͘� /Ŷ� ŽƵƌ� ƐĞƌŝĞƐ͕� ŽŶĞ� ĐĂƐĞ� ŽĨ� ƉĂƚŚŽůŽŐŝĐ� ĨƌĂĐƚƵƌĞ� ǁĂƐ� 



DƵůƟĨƌĂĐƟŽŶ�ƌĂĚŝŽƚŚĞƌĂƉǇ�ĨŽƌ�ƉĂůůŝĂƟŽŶ�ŽĨ�ƉĂŝŶĨƵů�ďŽŶĞ�ŵĞƚĂƐƚĂƐĞƐϰ�

Ξ�ϮϬϭϱ�/EdD͕�/ƚĂůǇ͘�WƵďůŝƐŚĞĚ�ďǇ�tŝĐŚƟŐ�WƵďůŝƐŚŝŶŐ

ŽďƐĞƌǀĞĚ� ŝŶ� ƚŚĞ�ϯϬͲ'Ǉ� Ăƌŵ͘� /Ŷ� Ă� ƌĂŶĚŽŵŝǌĞĚ� ƚƌŝĂů� ŽĨ� Ϯϯϵ�ƉĂ-

ƟĞŶƚƐ� ƚƌĞĂƚĞĚ�ǁŝƚŚ�ϴ�'Ǉ� ŝŶ� ƐŝŶŐůĞ� ĨƌĂĐƟŽŶ�Žƌ�ϮϬ�'Ǉ� ŝŶ�ϰ� ĨƌĂĐ-

ƟŽŶƐ͕�EŝĞůƐĞŶ�Ğƚ�Ăů�;ϮϴͿ�ŽďƐĞƌǀĞĚ�ƉĂƚŚŽůŽŐŝĐ�ĨƌĂĐƚƵƌĞƐ�ŝŶ�ϱй�ŽĨ�
ƉĂƟĞŶƚƐ�ǁŚŽ�ƌĞĐĞŝǀĞĚ�ϮϬ�'Ǉ͘ �ZŽŽƐ�Ğƚ�Ăů�;ϮϰͿ�ƌĞƉŽƌƚĞĚ�Ă�ƉĂƚŚŽ-

ůŽŐŝĐ�ĨƌĂĐƚƵƌĞ�ƌĂƚĞ�ŽĨ�ϰй�ĨŽƌ�ƚŚĞ�ϮϬͲ'Ǉ�Ăƌŵ͘�^ŝŵŝůĂƌ�ƌĞƐƵůƚƐ�ǁĞƌĞ�
ƌĞƉŽƌƚĞĚ�ďǇ�,ĂƌƚƐĞůů�Ğƚ�Ăů�;ϮϱͿ͘� /Ŷ�ĂŶŽƚŚĞƌ�ƌĂŶĚŽŵŝǌĞĚ�ƚƌŝĂů�ŽĨ�
ϯϳϲ�ƉĂƟĞŶƚƐ�ƚƌĞĂƚĞĚ�ǁŝƚŚ�ϴ�'Ǉ�Žƌ�ϯϬ�'Ǉ͕ �ϭϭй�ŽĨ�ƉĂƟĞŶƚƐ�ǁŚŽ�ƌĞ-

ĐĞŝǀĞĚ�ϯϬ�'Ǉ�ĞǆƉĞƌŝĞŶĐĞĚ�ƉĂƚŚŽůŽŐŝĐ�ĨƌĂĐƚƵƌĞ�ŽĨ�ƚŚĞ�ŝƌƌĂĚŝĂƚĞĚ� 
ďŽŶĞ�;ϮϵͿ͘

�ůƚŚŽƵŐŚ� ƐŝŶŐůĞͲĨƌĂĐƟŽŶ� Žƌ� ƐŚŽƌƚͲĐŽƵƌƐĞ� Zd� ŽīĞƌ� ĂŶ�
ĞīĞĐƟǀĞ� ƚƌĞĂƚŵĞŶƚ� ĨŽƌ� ƉĂůůŝĂƟŽŶ� ŽĨ� ďŽŶĞ�ŵĞƚĂƐƚĂƐĞƐ͕� ƌĞͲ 
ŝƌƌĂĚŝĂƟŽŶ�ŝƐ�ŽŌĞŶ�ƌĞƋƵŝƌĞĚ�ĨŽƌ�ƉĂŝŶ�ƌĞĐƵƌƌĞŶĐĞ�ĂŶĚ�Ă�ƐĞĐ-

ond course of RT may be associated with an increased risk of 

ƚŽǆŝĐŝƚǇ͘�EŝĞǁĂůĚ�Ğƚ�Ăů�;ϮϭͿ�ƌĞƉŽƌƚĞĚ�Ă�ƌĞͲŝƌƌĂĚŝĂƟŽŶ�ƌĂƚĞ�ŽĨ�
Ϯй�ĨŽƌ�ďŽƚŚ�ϮϬͲ'Ǉ�ĂŶĚ�ϯϬͲ'Ǉ�ĂƌŵƐ͘�/Ŷ�ƚŚĞ�ƐƚƵĚǇ�ďǇ�EŝĞůƐĞŶ�
Ğƚ�Ăů�;ϮϴͿ͕�ϭϮй�ŽĨ�ƉĂƟĞŶƚƐ�ƚƌĞĂƚĞĚ�ǁŝƚŚ�ϮϬ�'Ǉ�ƌĞƋƵŝƌĞĚ�ƌĞͲ
ŝƌƌĂĚŝĂƟŽŶ͘��ůͲ^ŚĞŶƐŚĂǁǇ�Ğƚ�Ăů� ;ϮϮͿ�ƌĞƉŽƌƚĞĚ�ƌĞͲŝƌƌĂĚŝĂƟŽŶ�
ƌĂƚĞƐ�ŽĨ�ϭϬй�ŝŶ�ƚŚĞ�ϮϬͲ'Ǉ�ŐƌŽƵƉ�ĂŶĚ�ϰй�ŝŶ�ƚŚĞ�ϯϬͲ'Ǉ�ŐƌŽƵƉ͘�
/Ŷ�ƚŚĞ�ƚƌŝĂů�ďǇ�&ŽƌŽ��ƌŶĂůŽƚ�Ğƚ�Ăů�;ϮϲͿ͕�Ϯй�ŽĨ�ƉĂƟĞŶƚƐ�ƌĞĐĞŝǀ-

ŝŶŐ� ϯϬ�'Ǉ�ǁĞƌĞ� ƌĞͲŝƌƌĂĚŝĂƚĞĚ͘�,ŝŐŚĞƌ� ƌĞƚƌĞĂƚŵĞŶƚ� ƌĂƚĞƐ� ŽĨ�
ϮϰйͲϮϱй� ĨŽƌ�ƉĂƟĞŶƚƐ� ƚƌĞĂƚĞĚ�ǁŝƚŚ�ϮϬ�'Ǉ�ĂŶĚ�ϵйͲϭϱй� ĨŽƌ�
ƉĂƟĞŶƚƐ�ǁŚŽ�ƌĞĐĞŝǀĞĚ�ϯϬ�'Ǉ�ŚĂǀĞ�ďĞĞŶ�ƌĞƉŽƌƚĞĚ�ŝŶ�ĨĞǁ�ŽƚŚ-

Ğƌ� ƐƚƵĚŝĞƐ� ;ϮϯͲϮϱͿ͘� /Ŷ� ƚŚĞ� ĐƵƌƌĞŶƚ� ƐƚƵĚǇ͕� ƚŚĞ� ƌĞͲŝƌƌĂĚŝĂƟŽŶ�
ƌĂƚĞƐ�ǁĞƌĞ� ĞƋƵŝǀĂůĞŶƚ� ŝŶ� ďŽƚŚ� ŐƌŽƵƉƐ͕� ďƵƚ� ŶŽƚ� ƐƚĂƟƐƟĐĂůůǇ�
ƐŝŐŶŝĮĐĂŶƚ͘

/Ŷ�ĐŽŶĐůƵƐŝŽŶ͕�ǁŝƚŚ�ƚŚĞ�ůŝŵŝƚĂƟŽŶ�ŽĨ�Ă�ƌĞƚƌŽƐƉĞĐƟǀĞ�ƐƚƵĚǇ͕ �
ŽƵƌ�ĮŶĚŝŶŐƐ�ŝŶĚŝĐĂƚĞ�ƚŚĂƚ�ďŽƚŚ�ϮϬ�'Ǉ�ŝŶ�ϱ�ĨƌĂĐƟŽŶƐ�Žƌ�ϯϬ�'Ǉ�ŝŶ�
ϭϬ�ĨƌĂĐƟŽŶƐ�ƉƌŽǀŝĚĞ�ƐŝŵŝůĂƌ�ĨĂǀŽƌĂďůĞ�ƐǇŵƉƚŽŵĂƟĐ�ƉĂůůŝĂƟŽŶ�
ŽĨ�ďŽŶĞ�ŵĞƚĂƐƚĂƐĞƐ͘��ŽŵƉůĞƚĞ� ƌĞƐƉŽŶƐĞ� ƌĂƚĞ�ǁĂƐ�ŚŝŐŚĞƌ� ŝŶ�
ƚŚĞ�ϯϬͲ'Ǉ�ŐƌŽƵƉ͘�EĞǀĞƌƚŚĞůĞƐƐ͕�ŵŽƌĞ�ŝŶƚĞŶƐĞ�Zd�ŝƐ�ĂƐƐŽĐŝĂƚĞĚ�
ǁŝƚŚ� ŚŝŐŚĞƌ� ƚŽǆŝĐŝƚǇ͕ � ƐƵŐŐĞƐƟŶŐ� ƚŚĂƚ� ĂŶ� ĂďďƌĞǀŝĂƚĞĚ� ĐŽƵƌƐĞ�
ŽĨ�ϮϬ�'Ǉ�ĐŽƵůĚ�ďĞ�ƉƌĞĨĞƌƌĞĚ�ǁŝƚŚ�ƚŚĞ�Ăŝŵ�ƚŽ�ƌĞĚƵĐĞ�ƚŚĞ�ƌŝƐŬ�
ŽĨ� ƚƌĞĂƚŵĞŶƚͲƌĞůĂƚĞĚ� ĐŽŵƉůŝĐĂƟŽŶƐ� ǁŚŝůĞ� ŵĂŝŶƚĂŝŶŝŶŐ� Ɛŝŵŝ-
ůĂƌ�ƉĂŝŶ�ĐŽŶƚƌŽů͘�DŽƌĞ�ƌĂŶĚŽŵŝǌĞĚ�ƚƌŝĂůƐ�ĐŽŵƉĂƌŝŶŐ�ĚŝīĞƌĞŶƚ�
ĨƌĂĐƟŽŶĂƟŽŶ� ƐĐŚĞĚƵůĞƐ� ŽĨ� Zd� ĂŶĚ� ŝŶĐůƵĚŝŶŐ� ĂƐƐĞƐƐŵĞŶƚ� ŽĨ�
ƋƵĂůŝƚǇ�ŽĨ�ůŝĨĞ�ĂŶĚ�ĐŽƐƚͲĞīĞĐƟǀĞŶĞƐƐ�ĂƌĞ�ǁĂƌƌĂŶƚĞĚ�ƚŽ�ďĞƩĞƌ�
determine the overall impact of these regimens and to guide 

ƉŚǇƐŝĐŝĂŶƐ�ŝŶ�ƚŚĞ�ĐŚŽŝĐĞ�ŽĨ�ƚŚĞ�ďĞƐƚ�ƚƌĞĂƚŵĞŶƚ�ŽƉƟŽŶ͘

�ŝƐĐůŽƐƵƌĞƐ
&ŝŶĂŶĐŝĂů�ƐƵƉƉŽƌƚ͗�EŽŶĞ͘
�ŽŶŇŝĐƚ�ŽĨ�ŝŶƚĞƌĞƐƚ͗�EŽŶĞ͘

ZĞĨĞƌĞŶĐĞƐ
ϭ͘� dƵďŝĂŶĂͲ,ƵůŝŶ� D͘� /ŶĐŝĚĞŶĐĞ͕� ƉƌĞǀĂůĞŶĐĞ� ĂŶĚ� ĚŝƐƚƌŝďƵƟŽŶ� ŽĨ�

ďŽŶĞ�ŵĞƚĂƐƚĂƐĞƐ͘��ŽŶĞ͘�ϭϵϵϭ͖ϭϮ;^ƵƉƉů�ϭͿ͗^ϵͲ^ϭϬ͘
Ϯ͘� 'ĂůĂƐŬŽ��^�͘�/ŶĐŝĚĞŶĐĞ�ĂŶĚ�ĚŝƐƚƌŝďƵƟŽŶ�ŽĨ�ƐŬĞůĞƚĂů�ŵĞƚĂƐƚĂƐĞƐ͘�

�ůŝŶ�KƌƚŚŽƉ�ZĞůĂƚ�ZĞƐ͘�ϭϵϴϲ͖;ϮϭϬͿ͗ϭϰͲϮϮ͘
ϯ͘� �ŽůĞŵĂŶ�Z�͘��ůŝŶŝĐĂů�ĨĞĂƚƵƌĞƐ�ŽĨ�ŵĞƚĂƐƚĂƟĐ�ďŽŶĞ�ĚŝƐĞĂƐĞ�ĂŶĚ�

ƌŝƐŬ� ŽĨ� ƐŬĞůĞƚĂů�ŵŽƌďŝĚŝƚǇ͘� �ůŝŶ� �ĂŶĐĞƌ�ZĞƐ͘� ϮϬϬϲ͖ϭϮ;ϮϬ�Wƚ� ϮͿ͗�
ϲϮϰϯƐͲϲϮϰϵƐ͘

ϰ͘� �ĂƚĞƐ� d͘ � �� ƌĞǀŝĞǁ� ŽĨ� ůŽĐĂů� ƌĂĚŝŽƚŚĞƌĂƉǇ� ŝŶ� ƚŚĞ� ƚƌĞĂƚŵĞŶƚ� ŽĨ�
ďŽŶĞ�ŵĞƚĂƐƚĂƐĞƐ�ĂŶĚ�ĐŽƌĚ�ĐŽŵƉƌĞƐƐŝŽŶ͘�/Ŷƚ�:�ZĂĚŝĂƚ�KŶĐŽů��ŝŽů�
WŚǇƐ͘�ϭϵϵϮ͖Ϯϯ;ϭͿ͗ϮϭϳͲϮϮϭ͘

ϱ͘� DĂŚĞƌ��:͕��ŽŝĂ�>͕��ƵŶĐĂŶ�'͕�>ĂǁƚŽŶ�W�͘�dƌĞĂƚŵĞŶƚ�ƐƚƌĂƚĞŐŝĞƐ�
ŝŶ�ĂĚǀĂŶĐĞĚ�ĂŶĚ�ŵĞƚĂƐƚĂƟĐ�ĐĂŶĐĞƌ͗�ĚŝīĞƌĞŶĐĞƐ�ŝŶ�ĂƫƚƵĚĞ�ďĞ-

ƚǁĞĞŶ� ƚŚĞ� h^�͕� �ĂŶĂĚĂ� ĂŶĚ� �ƵƌŽƉĞ͘� /Ŷƚ� :� ZĂĚŝĂƚ� KŶĐŽů� �ŝŽů�
WŚǇƐ͘�ϭϵϵϮ͖Ϯϯ;ϭͿ͗ϮϯϵͲϮϰϰ͘

ϲ͘� DĞƌĐĂĚĂŶƚĞ�^͘�DĂůŝŐŶĂŶƚ�ďŽŶĞ�ƉĂŝŶ͗�ƉĂƚŚŽƉŚǇƐŝŽůŽŐǇ�ĂŶĚ�ƚƌĞĂƚ-
ŵĞŶƚ͘�WĂŝŶ͘�ϭϵϵϳ͖ϲϵ;ϭͲϮͿ͗ϭͲϭϴ͘

ϳ͘� �Ăŝ��͕�EŝĐŬŵĂŶ�E�͕�'ĂīŶĞǇ��<͘�dŚĞ�ƌŽůĞ�ŽĨ�ƉĂůůŝĂƟǀĞ�ĞǆƚĞƌŶĂů�
ďĞĂŵ�ƌĂĚŝĂƟŽŶ�ƚŚĞƌĂƉǇ�ŝŶ�ďŽŶĞǇ�ŵĞƚĂƐƚĂƐĞƐ�ƉĂŝŶ�ŵĂŶĂŐĞŵĞŶƚ͘�
:�WĂŝŶ�WĂůůŝĂƚ��ĂƌĞ�WŚĂƌŵĂĐŽƚŚĞƌ͘ �ϮϬϭϯ͖Ϯϳ;ϭͿ͗ϮϴͲϯϰ͘

ϴ͘� �ĞŶŶŝƐ�<͕�DĂŬŚĂŶŝ�>͕��ĞŶŐ�>͕�>Ăŵ�,͕��ŚŽǁ��͘�^ŝŶŐůĞ� ĨƌĂĐƟŽŶ�
ĐŽŶǀĞŶƟŽŶĂů� ĞǆƚĞƌŶĂů� ďĞĂŵ� ƌĂĚŝĂƟŽŶ� ƚŚĞƌĂƉǇ� ĨŽƌ� ďŽŶĞ�ŵĞ-

ƚĂƐƚĂƐĞƐ͗�Ă�ƐǇƐƚĞŵĂƟĐ�ƌĞǀŝĞǁ�ŽĨ�ƌĂŶĚŽŵŝƐĞĚ�ĐŽŶƚƌŽůůĞĚ�ƚƌŝĂůƐ͘�
ZĂĚŝŽƚŚĞƌ�KŶĐŽů͘�ϮϬϭϯ͖ϭϬϲ;ϭͿ͗ϱͲϭϰ͘

ϵ͘� >Ƶƚǌ�^͘�dŚĞ�ƌŽůĞ�ŽĨ�ƌĂĚŝĂƟŽŶ�ƚŚĞƌĂƉǇ�ŝŶ�ĐŽŶƚƌŽůůŝŶŐ�ƉĂŝŶĨƵů�ďŽŶĞ�
ŵĞƚĂƐƚĂƐĞƐ͘��Ƶƌƌ�WĂŝŶ�,ĞĂĚĂĐŚĞ�ZĞƉ͘�ϮϬϭϮ͖ϭϲ;ϰͿ͗ϯϬϬͲϯϬϲ͘

ϭϬ͘� tƵ�:^͕�tŽŶŐ�Z͕�:ŽŚŶƐƚŽŶ�D͕��ĞǌũĂŬ��͕�tŚĞůĂŶ�d͖��ĂŶĐĞƌ��ĂƌĞ�
KŶƚĂƌŝŽ�WƌĂĐƟĐĞ�'ƵŝĚĞůŝŶĞƐ� /ŶŝƟĂƟǀĞ�^ƵƉƉŽƌƟǀĞ��ĂƌĞ�'ƌŽƵƉ͘�
DĞƚĂͲĂŶĂůǇƐŝƐ�ŽĨ�ĚŽƐĞͲĨƌĂĐƟŽŶĂƟŽŶ�ƌĂĚŝŽƚŚĞƌĂƉǇ�ƚƌŝĂůƐ�ĨŽƌ�ƚŚĞ�
ƉĂůůŝĂƟŽŶ�ŽĨ�ƉĂŝŶĨƵů�ďŽŶĞ�ŵĞƚĂƐƚĂƐĞƐ͘� /Ŷƚ� :�ZĂĚŝĂƚ�KŶĐŽů��ŝŽů�
WŚǇƐ͘�ϮϬϬϯ͖ϱϱ;ϯͿ͗ϱϵϰͲϲϬϱ͘

ϭϭ͘� ^ǌĞ�tD͕�^ŚĞůůĞǇ�D͕�,ĞůĚ�/͕�DĂƐŽŶ�D͘�WĂůůŝĂƟŽŶ�ŽĨ�ŵĞƚĂƐƚĂƟĐ�
ďŽŶĞ�ƉĂŝŶ͗�ƐŝŶŐůĞ�ĨƌĂĐƟŽŶ�ǀĞƌƐƵƐ�ŵƵůƟĨƌĂĐƟŽŶ�ƌĂĚŝŽƚŚĞƌĂƉǇ͗�Ă�
ƐǇƐƚĞŵĂƟĐ�ƌĞǀŝĞǁ�ŽĨ�ƚŚĞ�ƌĂŶĚŽŵŝƐĞĚ�ƚƌŝĂůƐ͘��ŽĐŚƌĂŶĞ��ĂƚĂďĂƐĞ�
^ǇƐƚ�ZĞǀ͘ �ϮϬϬϰ͖Ϯ;ϮͿ͗��ϬϬϰϳϮϭ͘

ϭϮ͘� �ŚŽǁ��͕�,ĂƌƌŝƐ�<͕�&ĂŶ�'͕�dƐĂŽ�D͕�^ǌĞ�tD͘�WĂůůŝĂƟǀĞ�ƌĂĚŝŽƚŚĞƌĂ-

ƉǇ�ƚƌŝĂůƐ�ĨŽƌ�ďŽŶĞ�ŵĞƚĂƐƚĂƐĞƐ͗�Ă�ƐǇƐƚĞŵĂƟĐ�ƌĞǀŝĞǁ͘�:��ůŝŶ�KŶĐŽů͘�
ϮϬϬϳ͖Ϯϱ;ϭϭͿ͗ϭϰϮϯͲϭϰϯϲ͘

ϭϯ͘� �ŚŽǁ��͕��ĞŶŐ�>͕�^ĂůǀŽ�E͕��ĞŶŶŝƐ�<͕�dƐĂŽ�D͕�>Ƶƚǌ�^͘�hƉĚĂƚĞ�ŽŶ�
ƚŚĞ�ƐǇƐƚĞŵĂƟĐ�ƌĞǀŝĞǁ�ŽĨ�ƉĂůůŝĂƟǀĞ�ƌĂĚŝŽƚŚĞƌĂƉǇ�ƚƌŝĂůƐ�ĨŽƌ�ďŽŶĞ�
ŵĞƚĂƐƚĂƐĞƐ͘��ůŝŶ�KŶĐŽů�;Z��Žůů�ZĂĚŝŽůͿ͘�ϮϬϭϮ͖Ϯϰ;ϮͿ͗ϭϭϮͲϭϮϰ͘

ϭϰ͘� ^ƚĞĞŶůĂŶĚ��͕�>ĞĞƌ�:t͕�ǀĂŶ�,ŽƵǁĞůŝŶŐĞŶ�,͕�Ğƚ�Ăů͘�dŚĞ�ĞīĞĐƚ�ŽĨ�Ă�
ƐŝŶŐůĞ�ĨƌĂĐƟŽŶ�ĐŽŵƉĂƌĞĚ�ƚŽ�ŵƵůƟƉůĞ�ĨƌĂĐƟŽŶƐ�ŽŶ�ƉĂŝŶĨƵů�ďŽŶĞ�
ŵĞƚĂƐƚĂƐĞƐ͗� Ă� ŐůŽďĂů� ĂŶĂůǇƐŝƐ� ŽĨ� ƚŚĞ� �ƵƚĐŚ� �ŽŶĞ�DĞƚĂƐƚĂƐŝƐ�
^ƚƵĚǇ� ΀ĞƌƌĂƚƵŵ� ϮϬϬϬ͖ϱϯ͗ϭϲϳ΁͘� ZĂĚŝŽƚŚĞƌ� KŶĐŽů͘� ϭϵϵϵ͖ϱϮ;ϮͿ͗ 
ϭϬϭͲϭϬϵ͘

ϭϱ͘� &ĂƌƌĂƌ�:d͕ �zŽƵŶŐ�:W�:ƌ͕ �>ĂDŽƌĞĂƵǆ�>͕�tĞƌƚŚ�:>͕�WŽŽůĞ�ZD͘��ůŝŶŝ-
cal importance of changes in chronic pain intensity measured 

ŽŶ�ĂŶ�ϭϭͲƉŽŝŶƚ�ŶƵŵĞƌŝĐĂů�ƉĂŝŶ�ƌĂƟŶŐ�ƐĐĂůĞ͘�WĂŝŶ͘�ϮϬϬϭ͖ϵϰ;ϮͿ͗ 
ϭϰϵͲϭϱϴ͘

ϭϲ͘� �Žǆ�:�͕�^ƚĞƚǌ�:͕�WĂũĂŬ�d&͘ �dŽǆŝĐŝƚǇ�ĐƌŝƚĞƌŝĂ�ŽĨ�ƚŚĞ�ZĂĚŝĂƟŽŶ�dŚĞƌĂ-

ƉǇ�KŶĐŽůŽŐǇ�'ƌŽƵƉ�;ZdK'Ϳ�ĂŶĚ�ƚŚĞ��ƵƌŽƉĞĂŶ�KƌŐĂŶŝǌĂƟŽŶ�ĨŽƌ�
ZĞƐĞĂƌĐŚ�ĂŶĚ�dƌĞĂƚŵĞŶƚ�ŽĨ��ĂŶĐĞƌ�;�KZd�Ϳ͘�/Ŷƚ�:�ZĂĚŝĂƚ�KŶĐŽů�
�ŝŽů�WŚǇƐ͘�ϭϵϵϱ͖ϯϭ;ϱͿ͗ϭϯϰϭͲϭϯϰϲ͘

ϭϳ͘� >Ƶƚǌ�^͕��ĞƌŬ�>͕��ŚĂŶŐ��͕�Ğƚ�Ăů͖��ŵĞƌŝĐĂŶ�^ŽĐŝĞƚǇ�ĨŽƌ�ZĂĚŝĂƟŽŶ�
KŶĐŽůŽŐǇ� ;�^dZKͿ͘� WĂůůŝĂƟǀĞ� ƌĂĚŝŽƚŚĞƌĂƉǇ� ĨŽƌ� ďŽŶĞ�ŵĞƚĂƐƚĂ-

ƐĞƐ͗�ĂŶ��^dZK�ĞǀŝĚĞŶĐĞͲďĂƐĞĚ�ŐƵŝĚĞůŝŶĞ͘�/Ŷƚ�:�ZĂĚŝĂƚ�KŶĐŽů��ŝŽů�
WŚǇƐ͘�ϮϬϭϭ͖ϳϵ;ϰͿ͗ϵϲϱͲϵϳϲ͘

ϭϴ͘� �ƌĂĚůĞǇ� ED͕� ,ƵƐƚĞĚ� :͕� ^ĞǇ�D^͕� Ğƚ� Ăů͘� ZĞǀŝĞǁ� ŽĨ� ƉĂƩĞƌŶƐ� ŽĨ�
ƉƌĂĐƟĐĞ� ĂŶĚ� ƉĂƟĞŶƚƐ͛� ƉƌĞĨĞƌĞŶĐĞƐ� ŝŶ� ƚŚĞ� ƚƌĞĂƚŵĞŶƚ� ŽĨ� ďŽŶĞ�
ŵĞƚĂƐƚĂƐĞƐ�ǁŝƚŚ�ƉĂůůŝĂƟǀĞ�ƌĂĚŝŽƚŚĞƌĂƉǇ͘�^ƵƉƉŽƌƚ��ĂƌĞ��ĂŶĐĞƌ͘ �
ϮϬϬϳ͖ϭϱ;ϰͿ͗ϯϳϯͲϯϴϱ͘

ϭϵ͘� ^ŚĂŬĞƐƉĞĂƌĞ�dW͕ �>Ƶ�::͕��ĂĐŬ�D&͕ �>ŝĂŶŐ�^͕�DƵŬŚĞƌũĞĞ�Z<͕�tǇŶŶĞ�
�:͘� WĂƟĞŶƚ� ƉƌĞĨĞƌĞŶĐĞ� ĨŽƌ� ƌĂĚŝŽƚŚĞƌĂƉǇ� ĨƌĂĐƟŽŶĂƟŽŶ� ƐĐŚĞĚ-

ƵůĞ�ŝŶ�ƚŚĞ�ƉĂůůŝĂƟŽŶ�ŽĨ�ƉĂŝŶĨƵů�ďŽŶĞ�ŵĞƚĂƐƚĂƐĞƐ͘�:��ůŝŶ�KŶĐŽů͘�
ϮϬϬϯ͖Ϯϭ;ϭϭͿ͗ϮϭϱϲͲϮϭϲϮ͘

ϮϬ͘� ^ǌƵŵĂĐŚĞƌ� �͕� >ůĞǁĞůůǇŶͲdŚŽŵĂƐ� ,͕� &ƌĂŶƐƐĞŶ� �͕� Ğƚ� Ăů͘� dƌĞĂƚ-
ŵĞŶƚ�ŽĨ�ďŽŶĞ�ŵĞƚĂƐƚĂƐĞƐ�ǁŝƚŚ�ƉĂůůŝĂƟǀĞ�ƌĂĚŝŽƚŚĞƌĂƉǇ͗�ƉĂƟĞŶƚƐ͛�
ƚƌĞĂƚŵĞŶƚ�ƉƌĞĨĞƌĞŶĐĞƐ͘�/Ŷƚ�:�ZĂĚŝĂƚ�KŶĐŽů��ŝŽů�WŚǇƐ͘�ϮϬϬϱ͖ϲϭ;ϱͿ͗�
ϭϰϳϯͲϭϰϴϭ͘

Ϯϭ͘� EŝĞǁĂůĚ�D͕� dŬŽĐǌ�,:͕��ďĞů�h͕� Ğƚ� Ăů͘� ZĂƉŝĚ� ĐŽƵƌƐĞ� ƌĂĚŝĂƟŽŶ�
ƚŚĞƌĂƉǇ� ǀƐ͘� ŵŽƌĞ� ƐƚĂŶĚĂƌĚ� ƚƌĞĂƚŵĞŶƚ͗� Ă� ƌĂŶĚŽŵŝǌĞĚ� ƚƌŝĂů� 
ĨŽƌ�ďŽŶĞ�ŵĞƚĂƐƚĂƐĞƐ͘�/Ŷƚ�:�ZĂĚŝĂƚ�KŶĐŽů��ŝŽů�WŚǇƐ͘�ϭϵϵϲ͖ϯϲ;ϱͿ͗�
ϭϬϴϱͲϭϬϴϵ͘

ϮϮ͘� �ůͲ^ŚĞŶƐŚĂǁǇ�,͕��ůͲ�ƐƐĂǁǇ�<�͘�dŚĞ�ĞīĞĐƚ�ŽĨ�Ă�ƐŝŶŐůĞ�ĨƌĂĐƟŽŶ�
ĐŽŵƉĂƌĞĚ�ƚŽ�ŵƵůƟƉůĞ�ĨƌĂĐƟŽŶƐ�ƌĂĚŝŽƚŚĞƌĂƉǇ�ŽŶ�ƉĂŝŶĨƵů�ďŽŶĞ�
ŵĞƚĂƐƚĂƐĞƐ� ǁŝƚŚ� ĞǀĂůƵĂƟŽŶ� ŽĨ� ĐŽŵƉƵƚĞĚ� ƚŽŵŽŐƌĂƉŚǇ� ďŽŶĞ�
ĚĞŶƐŝƚǇ�ŝŶ�ŽƐƚĞŽůǇƟĐ�ďŽŶĞ�ŵĞƚĂƐƚĂƐĞƐ͘��Ƶůů��ůĞǆ�&ĂĐ�DĞĚ͘�ϮϬϬϲ͖�
ϰϮ͗ϰϯϵ͘

Ϯϯ͘� ^ĂĨǁĂƚ��͕��ůͲEĂŚĂƐ�d͕ �DĞƚǁĂůůǇ�,͕��ďĚĞůŵŽƚŐĂůůǇ�Z͕�<ĂƐƐĞŵ�E͘�
WĂůůŝĂƟǀĞ�ĨƌĂĐƟŽŶĂƚĞĚ�ƌĂĚŝŽƚŚĞƌĂƉǇ�ĨŽƌ�ďŽŶĞ�ŵĞƚĂƐƚĂƐĞƐ�ĐůŝŶŝ-
ĐĂů� ĂŶĚ� ďŝŽůŽŐŝĐĂů� ĂƐƐĞƐƐŵĞŶƚ� ŽĨ� ƐŝŶŐůĞ� ǀĞƌƐƵƐ�ŵƵůƟƉůĞ� ĨƌĂĐ-

ƟŽŶƐ͘�:��ŐǇƉƚ�EĂƚů��ĂŶĐĞƌ�/ŶƐƚ͘�ϮϬϬϳ͖ϭϵ͗ϮϭĞϮϳ͘
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Ξ�ϮϬϭϱ�/EdD͕�/ƚĂůǇ͘�WƵďůŝƐŚĞĚ�ďǇ�tŝĐŚƟŐ�WƵďůŝƐŚŝŶŐ

Ϯϰ͘� ZŽŽƐ���͕�dƵƌŶĞƌ� ^>͕�K͛�ƌŝĞŶ�W�͕�Ğƚ� Ăů͖� dƌĂŶƐͲdĂƐŵĂŶ�ZĂĚŝĂ-

ƟŽŶ�KŶĐŽůŽŐǇ�'ƌŽƵƉ͕�dZK'�ϵϲ͘Ϭϱ͘�ZĂŶĚŽŵŝǌĞĚ�ƚƌŝĂů�ŽĨ�ϴ�'Ǉ�
ŝŶ� ϭ� ǀĞƌƐƵƐ�ϮϬ�'Ǉ� ŝŶ� ϱ� ĨƌĂĐƟŽŶƐ�ŽĨ� ƌĂĚŝŽƚŚĞƌĂƉǇ� ĨŽƌ�ŶĞƵƌŽ-

ƉĂƚŚŝĐ�ƉĂŝŶ�ĚƵĞ�ƚŽ�ďŽŶĞ�ŵĞƚĂƐƚĂƐĞƐ�;ƚƌĂŶƐͲƚĂƐŵĂŶ�ƌĂĚŝĂƟŽŶ�
ŽŶĐŽůŽŐǇ� ŐƌŽƵƉ͕� dZK'� ϵϲ͘ϬϱͿ͘� ZĂĚŝŽƚŚĞƌ� KŶĐŽů͘� ϮϬϬϱ͖ϳϱ͗ 
ϱϰĞϲϯ͘

Ϯϱ͘� ,ĂƌƚƐĞůů�t&͕ � ^ĐŽƩ���͕��ƌƵŶĞƌ��t͕�Ğƚ� Ăů͘� ZĂŶĚŽŵŝǌĞĚ� ƚƌŝĂů� ŽĨ�
ƐŚŽƌƚͲ�ǀĞƌƐƵƐ�ůŽŶŐͲĐŽƵƌƐĞ�ƌĂĚŝŽƚŚĞƌĂƉǇ�ĨŽƌ�ƉĂůůŝĂƟŽŶ�ŽĨ�ƉĂŝŶĨƵů�
ďŽŶĞ�ŵĞƚĂƐƚĂƐĞƐ͘�:�EĂƚů��ĂŶĐĞƌ�/ŶƐƚ͘�ϮϬϬϱ͖ϵϳ͗ϳϵϴĞϴϬϰ͘

Ϯϲ͘� &ŽƌŽ��ƌŶĂůŽƚ� W͕ � &ŽŶƚĂŶĂůƐ��s͕�'ĂůĐĞƌĂŶ� :�͕� Ğƚ� Ăů͘� ZĂŶĚŽŵ-

ized clinical trial with two palliative radiotherapy regimens 

ŝŶ�ƉĂŝŶĨƵů�ďŽŶĞ�ŵĞƚĂƐƚĂƐĞƐ͗�ϯϬ�'Ǉ�ŝŶ�ϭϬ�ĨƌĂĐƚŝŽŶƐ�ĐŽŵƉĂƌĞĚ�

ǁŝƚŚ� ϴ� 'Ǉ� ŝŶ� ƐŝŶŐůĞ� ĨƌĂĐƚŝŽŶ͘� ZĂĚŝŽƚŚĞƌ� KŶĐŽů͘� ϮϬϬϴ͖ϴϵ͗ 
ϭϱϬĞϭϱϱ͘

Ϯϳ͘� ZĂĚĞƐ� �͘� �ŽƐĞͲ&ƌĂĐƟŽŶĂƟŽŶ� ^ĐŚĞĚƵůĞƐ� ĨŽƌ� ZĂĚŝŽƚŚĞƌĂƉǇ� ŽĨ�
�ŽŶĞ�DĞƚĂƐƚĂƐĞƐ͘��ƌĞĂƐƚ��ĂƌĞ�;�ĂƐĞůͿ͘�ϮϬϭϬ͖ϱ;ϱͿ͗ϯϯϵͲϯϰϰ͘

Ϯϴ͘� EŝĞůƐĞŶ�K^͕� �ĞŶƚǌĞŶ� ^D͕� ^ĂŶĚďĞƌŐ� �͕� 'ĂĚĞďĞƌŐ� ��͕� dŝŵŽƚŚǇ�
�Z͘�ZĂŶĚŽŵŝǌĞĚ�ƚƌŝĂů�ŽĨ�ƐŝŶŐůĞ�ĚŽƐĞ�ǀĞƌƐƵƐ�ĨƌĂĐƟŽŶĂƚĞĚ�ƉĂůůŝĂ-

ƟǀĞ�ƌĂĚŝŽƚŚĞƌĂƉǇ�ŽĨ�ďŽŶĞ�ŵĞƚĂƐƚĂƐĞƐ͘�ZĂĚŝŽƚŚĞƌ�KŶĐŽů͘�ϭϵϵϴ͖�
ϰϳ;ϯͿ͗ϮϯϯͲϮϰϬ͘

Ϯϵ͘� <ĂĂƐĂ�^͕��ƌĞŶŶĞ��͕�>ƵŶĚ�:�͕�Ğƚ�Ăů͘�WƌŽƐƉĞĐƟǀĞ�ƌĂŶĚŽŵŝƐĞĚ�ŵƵů-
ƟĐĞŶƚĞƌ�ƚƌŝĂů�ŽŶ�ƐŝŶŐůĞ�ĨƌĂĐƟŽŶ�ƌĂĚŝŽƚŚĞƌĂƉǇ�;ϴ�'Ǉ�ǆ�ϭͿ�ǀĞƌƐƵƐ�
ŵƵůƟƉůĞ�ĨƌĂĐƟŽŶƐ�;ϯ�'Ǉ�ǆ�ϭϬͿ�ŝŶ�ƚŚĞ�ƚƌĞĂƚŵĞŶƚ�ŽĨ�ƉĂŝŶĨƵů�ďŽŶĞ�
ŵĞƚĂƐƚĂƐĞƐ͘�ZĂĚŝŽƚŚĞƌ�KŶĐŽů͘�ϮϬϬϲ͖ϳϵ;ϯͿ͗ϮϳϴͲϮϴϰ͘


