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Individualized predictions of disease
progression following radiation therapy for

prostate cancer.

Jeremy Taylor, Menggang Yu, and Howard M. Sandler

Abstract

Background: Following treatment for localized prostate cancer, men are mon-
itored with serial PSA measurements. Refining the predictive value of post-
treatment PSA determinations may add to clinical management and we have de-
veloped a model that predicts for an individual patient future PSA values and
estimates the time to future clinical recurrence.

Methods: Data from 934 patients treated for prostate cancer between 1987 and
2000 were used to develop a comprehensive statistical model to fit the clinical
recurrence events and pattern of PSA data. A logistic regression model was used
for the probability of cure, non-linear hierarchical mixed models were used for
serial PSA measurements and a time-dependent proportional hazards model was
used for recurrences. Data available up to February 2001 and September 2003
was used to assess the performance of the model.

Results: The model suggests that T-stage, baseline PSA, and radiotherapy dosage
are all associated with probability of cure. The risk of clinical recurrence in those
not cured by radiotherapy is most strongly affected by the slope of the long-
transformed PSA values. We show how the model can be used for individual
monitoring of a patient’s disease progression. For each patient the model predicts,
based upon his baseline and all post-treatment PSA values, the probability of fu-
ture clinical recurrence in the validation dataset and of 406 PSA measurements
obtained 1-2 years after February 2001, 92.8% were within 95% prediction limits
from the model.



Conclusions: This statistical model presented accurately predicts future PSA val-
ues and risk of clinical relapse. This predictive information for each individual
patient, which can be updated with each additional PSA value, may prove useful
to patents and physicians in determining what post-treatment salvage should be
employed.
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Ì!ß�Þ Õ�ß"Þ�ÐUÍ � Ð£ÊoÎ�æeÊ)ÏXÞ�Ö"Ò¢ØPÙ Ï�ÔLÓ�Ô�ÔeÖ�ÏXÞ�ÖÀÓ�ß[ÊBÓ�Þ�à�Þ�Ö�ä³Í��¢ÕoÛ Þ�Ö�Þ�ÕoÔeÛtÎ�Ê)Õoá�Î�Î�Ê)Ö�Õ�Ê)Ðoç 
ß5Þ�Ð2æ@ÔLÎ�Þ�ÔLÓ�ÞÂÍqÖDà�Ê)ÔeÖ�Ð

Ó�ß�ÔLÓ�Ó�ß[ÊoÎ�Ê�Ì!Þ�Û�Û � Ê�á5Ö�Õ�ÊoÎ�Ó�ÔeÞ�ÖaÓ�Ë»Þ�Ö»ÔeÖ�Ë·Ü�Î�Ê)Ï5Þ�Õ�Ó�ÞÂÍqÖ�×�Ó�ß[Ê�à�ÍPÏ[Ê)ÛtÌ!Þ�Û Û_ÔeÛ�Ð�Í´Ü5Î�ÍRæPÞ�Ï[Ê�á�Ö�Õ�ÊoÎ�Ó�ÔeÞ�Ö�Ó{Ë�Î�ÔeÖ[äeÊ)Ð

ÔeÐ�Ð£ÍPÕoÞ�ÔLÓ£Ê)Ï�Ì!Þ�Ó�ß«Ó�ß[ÍqÐ£Ê¢Ü�Î�Ê)Ï�Þ�Õ�Ó�ÞÂÍqÖ�Ð)ç 
ß;á�Ðo×LÊoæeÊ)Ö�Ó�ß[Íqá[äqßÅÓ�Ì.Í2Ü5ÔLÓ�ÞÂÊ)ÖaÓ�ÐtÕ�Íqá�Û�ÏÅß�Ô)æeÊ%Ó�ß[Ê¢Ð�Ôeà�Ê¢Ü�Î�Ê)Ï�Þ�Õ�Ó�ÞÂÍqÖ�×

Ó�ß[ÊUá5Ö�Õ�ÊoÎ�Ó�ÔeÞ�ÖaÓ�Ë³ÔeÐ�Ð£ÍPÕoÞ�ÔLÓ£Ê)Ï�Ì!ÞÂÓ�ß]Ó�ß[Ê«Ü5Î�Ê)Ï�Þ�Õ�Ó�ÞÂÍqÖ³Õ�Íqá5Û�ÏIÏ�Þ "�ÊoÎÔeÖ�ÏIÕ�ÍqÖ5Ð£Ê �aá�Ê)Ö�Ó�ÛÂË]Ó�ß[Ê	ÕoÛ�Þ�Ö�Þ�ÕoÔeÛ�Ï[Ê)ÕoÞ Ð�ÞÂÍqÖ

Ô � Íqá[ÓÞ�Ö�Þ�Ó�Þ�ÔLÓ�Þ�Ö[ä1� á�Î�Ó�ß[ÊoÎ%Ó�ß[ÊoÎ�ÔLÜ;Ë³Õ�Íqá�Û�Ï³ÔeÛ�Ð�Í�Ï�Þ "�ÊoÎ)ç

4�ÔeÖ�ËDÜ�Î�ÊoæPÞÂÍqá�Ð«Ü#ÔLÜ6ÊoÎ�Ð«ÍqÖ Ò.ØPÙ Ü5Î�Í��5ÛÂÊ)Ð	Ô.�OÓ£ÊoÎ�Î�ÔeÏ�Þ ÔLÓ�ÞÂÍqÖ"Ó�ß[ÊoÎ�ÔLÜaËDß5Ô)æeÊ �OÍPÕoá�Ð�Ð£Ê)ÏXÍqÖ¤Þ�Ï[Ê)ÖaÓ�Þ'�OËPÞ�Ö[ä

� Ê)ÔLÓ�á[Î�Ê)Ð¢Í���Ó�ß[Ê2Ü5ÔLÓ£Ó£ÊoÎ�Ö]Ì!ß�Þ Õ�ß]ÔLÎ�Ê«Þ�à�Ü�ÍeÎ�Ó�ÔeÖaÓ.ÍeÎÜ�Î�ÍeäqÖ[ÍqÐ�Ó�Þ�ÕLç����[Ôeà�Ü5ÛÂÊ)Ð.Í��_Ó�ß�Þ�Ð¢ÔLÎ�Ê�Î�Þ�Ð�Ê(Ô � ÍRæeÊ«Ö5ÔeÏ�ÞÂÎ)×

Ï[Íqá � Û�Þ�Ö[äÅÓ�Þ�à�Ê�ÍeÎ�Ó�ß[Ê«Ù2Ø 
����Ï[Ê��5Ö�Þ�Ó�ÞÂÍqÖ´Í���Î�Ê)Õoá[Î�Î�Ê)Ö�Õ�Êeç 
ß�Þ�Ð%ÕoÔeÖ � Ê�Î�ÊoäqÔLÎ�Ï[Ê)ÏIÔeÐ�ÛÂÊ)ÔeÏ�Þ�Ö[ä�Ó£ÍºÔ�Ó�Ì.ÍLå

Ð£Ó�ÔLäeÊ�ÔLÜ�Ü�Î�ÍqÔeÕ�ß�×�Þ�Ö�Ì!ß�Þ�Õ�ßIÍqÖ[Ê1��Î�Ð£Ó(Ï[Ê)ÕoÞ�Ï[Ê)Ð!Ì!ß[ÊoÓ�ß[ÊoÎ(Ó�ß[Ê�Ï�ÔLÓ�Ô �OÍeÎ2ÔºÜ#ÔLÓ�ÞÂÊ)Ö�Ó(Ê��[ß�Þ � ÞÂÓ�Ð!Ó�ß�Þ�Ð�Ð�á�à�à�ÔLÎ�Ë

� Ê)ÔLÓ�á[Î�Êe×6Ó�ß[Ê)Ö�ÍqÖ�Ê	à�Ô.�eÊ)Ð(Ê��PÜ5Û�Þ�ÕoÞÂÓ%ÍeÎ2Þ�à�Ü#Û�Þ�ÕoÞÂÓ¢Ü�Î�Ê)Ï5Þ�Õ�Ó�ÞÂÍqÖ�ÐÔ � Íqá[Ó�Ó�ß[Ê	Û Þ'�eÊ)ÛÂË�� á�Ó�á[Î�ÊUÕ�Íqá[Î�Ð£ÊUÍ���Ï�Þ Ð£Ê)ÔeÐ£Êeç

�wÖXÓ�ß5Þ�Ð�Ü5ÔLÜ�ÊoÎ�Ì+Ê � ËaÜ5ÔeÐ�Ð�Ó�ß[Ê³Þ�Ö�Ó£ÊoÎ�à�Ê)Ï�Þ�ÔLÓ£Ê³Ð£Ó£ÊoÜfÍ��2Õ�ÍqÖ�Ð�Þ�Ï�ÊoÎ�ÔLÓ�ÞÂÍqÖ¤Í���Ð£Ü�Ê)ÕoÞ'�#Õ � Ê)ÔLÓ�á[Î�Ê)Ðo×.Þ�Ö�Ð£Ó£Ê)ÔeÏ¤Ì.Ê

Ï�ÞÂÎ�Ê)Õ�Ó�ÛÂË�à�Ô.�eÊ�Ü5Î�Ê)Ï�Þ�Õ�Ó�ÞÂÍqÖ5Ð$Ô � Íqá[Ó$Ó�ß�Ê(Û�Þ��eÊ)ÛÂË	�÷á[Ó�á[Î�Ê�Õ�Íqá[Î�Ð�Ê!Í��WÏ�Þ Ð£Ê)ÔeÐ£Ê � ÔeÐ£Ê)ÏºÍqÖ´ÔeÛ�Û#Ó�ß[Ê�ÔRæ@ÔeÞ Û�Ô � ÛÂÊ(Ï�ÔLÓ�ÔP×

Þ�Ö�ÕoÛ á�Ï�Þ�Ö[ä´ÔeÛ�Û�Ü�ÍqÐ£Ó�Ó£Î�Ê)ÔLÓ�à�Ê)ÖaÓUÒ.Ø[Ù æLÔeÛ�á[Ê)Ðoç 
ß;á�Ð2Ì.Ê�Ï[Ê)à�ÍqÖ�Ð�Ó£Î�ÔLÓ£Ê�Ó�ß�ÔLÓo×�ÔeÛÂÓ�ß[Íqá[äqßÀÕ�ÍqÖ�Ð�Þ�Ï[ÊoÎ�ÔLÓ�ÞÂÍqÖ»Í��

Ð�á�àºà�ÔLÎ�ËBÞ Ö�Ó£ÊoÎ�à�Ê)Ï�Þ�ÔLÓ£Ê�� Ê)ÔLÓ�á[Î�Ê)Ð!Þ Ð%Õ�ÍqÖ�æeÊ)Ö�Þ�Ê)Ö�Óo×6ÞÂÓÞ�Ð%Ö[ÍeÓ!Ö�Ê)Õ�Ê)Ð�Ð�ÔLÎ�Ë]Ó£Íºà�Ô.�eÊUÜ�Î�Ê)Ï�Þ�Õ�Ó�Þ�ÍqÖ�Ðoç

�
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ß[Ê�Ï�ÔLÓ�Ô]Õ�ÍqÖ�Ð�Þ Ð£Ó2Í�� ( � �³Ü5ÔLÓ�ÞÂÊ)ÖaÓ�Ð2Ì!ÞÂÓ�ß·ÛÂÍPÕoÔeÛ�Þ��oÊ)Ï·Ü�Î�ÍqÐ£Ó�ÔLÓ£Ê�ÕoÔeÖ�Õ�ÊoÎR×`Ì!ß[Í´Ì+ÊoÎ�ÊÅÓ£Î�Ê)ÔLÓ£Ê)ÏÀÌ!ÞÂÓ�ß�Ê��;Ó£ÊoÎ�Ö�ÔeÛ

� Ê)Ôeà,Î�ÔeÏ�Þ�ÔLÓ�ÞÂÍqÖUÓ�ß[ÊoÎ�ÔLÜ;Ë	ÔLÓ�Ó�ß[Ê ��Ö5ÞÂæeÊoÎ�Ð�ÞÂÓ{Ë�Í�� 4�Þ�Õ�ß�Þ�äqÔeÖÅÔeÖ5Ï	Ô10ºÛ Þ�ÔLÓ£Ê)Ï�Þ�Ö�Ð£Ó�ÞÂÓ�á�Ó�ÞÂÍqÖ�Ð � ÊoÓ�Ì.ÊoÊ)Ö�ãqá5ÛÂË >)(����

ÔeÖ�Ï32�Ê � Î�á�ÔLÎ�Ë ,.-�-�-Pç 
ß�Þ Ð�Ü5ÔLÓ�ÞÂÊ)ÖaÓWÐ£ÊoÎ�Þ�Ê)Ð`ß�ÔeÐ � ÊoÊ)Ö�Ü5Î�Êoæ;Þ�Íqá�Ð�ÛÂË(Ï[Ê)Ð�Õ�Î�Þ � Ê)Ï&�ØPÔeÖ5Ï�ÛÂÊoÎ�ÊoÓ_ÔeÛ ,.-�-�-P×aØ;Ë;à�ÍqÖ�ÊoÓ

ÔeÛ�,.-�-�� ��ç 
ß�ÊUÕ�ÍqÛ�ÛÂÊ)Õ�Ó�ÞÂÍqÖIÍ���Ó�ß�Ê)Ð£Ê	Ï�ÔLÓ�Ô�Ì+ÊoÎ�ÊÅÔLÜ�Ü�Î�Í=æeÊ)Ï � Ë]Ó�ß[Ê �(Ö�ÞÂæeÊoÎ�Ð�Þ�Ó�Ë´Í���4�Þ�Õ�ß�ÞÂäqÔeÖ �wÖ�Ð£Ó�Þ�Ó�á[Ó�ÞÂÍqÖ�ÔeÛ

�ÊoæPÞÂÊoÌÚÝ.ÍqÔLÎ�Ï�ç ÒtÔLÓ�ÞÂÊ)ÖaÓ�Ð³Ì.ÊoÎ�Ê»Ê��PÕoÛ á�Ï[Ê)Ï �OÎ�Íqà Ó�ß5Þ�ÐBÔeÖ5ÔeÛÂË;Ð�Þ�Ð]Þ'��Ó�ß[ÊoËgÎ�Ê)Õ�Ê)ÞÂæeÊ)ÏµÜ5Û�ÔeÖ�Ö�Ê)ÏFß[ÍeÎ�à�ÍqÖ�ÔeÛ

Ó�ß[ÊoÎ�ÔLÜ;Ë � Ê�� ÍeÎ�Ê�Ó�ß[Ê�Ê)Ö�Ï»Í��.Ó�ß[Ê�Î�ÔeÏ�Þ ÔLÓ�ÞÂÍqÖ»Ó�ß[ÊoÎ�ÔLÜ;Ë�Î�ÊoäqÞ�à�Ê)Ö�×�ÍeÎ«Þ'�+Ó�ß[ÊoË»ß�ÔeÏÀà�Þ�Ð�Ð�Þ�Ö[äBÞ Ö �OÍeÎ�à�ÔLÓ�ÞÂÍqÖ·ÍqÖ


¢å�Ð£Ó�ÔLäeÊe×;Ü�Î�ÊoÓ£Î�Ê)ÔLÓ�à�Ê)Ö�Ó+Ò.ØPÙFÍeÎ �2ÛÂÊ)ÔeÐ�ÍqÖ�äeÎ�ÔeÏ[Êeç54�Í«Ü5ÔLÓ�ÞÂÊ)ÖaÓ�ß�ÔeÏ�Ô«Ü�Î�ÍqÐ£Ó�ÔLÓ£Ê)Õ�Ó£Íqà	Ëeç�
ß[Ê%Ü�ÊoÎ�Õ�Ê)ÖaÓ�ÔLäeÊ!Í��

Ó�á�à�ÍeÎ(Ð£Ó�ÔLäeÊ)Ð > × ,ºÔeÖ�Ï��=å �BÌ+ÊoÎ�Ê1, (�6 × � , 6 ÔeÖ5Ï (�6 Î�Ê)Ð£Ü�Ê)Õ�Ó�ÞÂæeÊ)ÛÂËeç 
ß[ÊUÜ6ÊoÎ�Õ�Ê)Ö�Ó�ÔLäeÊ�Þ�Ö��2Û�Ê)ÔeÐ£ÍqÖ�Ð�Õ�ÍeÎ�Ê

7 ÍeÎ.ÛÂÊ)Ð�Ðo× � × � ÔeÖ�Ï � ÍeÎ%à�ÍeÎ�Ê!Ì.ÊoÎ�Ê�, �6 × ��, 6 × ��, 6 ÔeÖ�Ï (�6 Î�Ê)Ð£Ü�Ê)Õ�Ó�ÞÂæeÊ)Û�ËeçtÒ$Î�ÊoÓ£Î�Ê)ÔLÓ�à�Ê)ÖaÓ%Ò.ØPÙµÎ�ÔeÖ[äeÊ)Ï

� Î�Íqà -Pç �UÓ£Í ,�, ( Ì!Þ�Ó�ßºÔUà�Ê)Ï�Þ�ÔeÖ�Í�� � ç ,;ç 
ß[Ê!Ü#ÔLÓ�ÞÂÊ)Ö�Ó�Ð.ÔLäeÊ)Ð¢ÔLÓ+Ó�Þ à�Ê!Í���Î�ÔeÏ5Þ�ÔLÓ�ÞÂÍqÖ�Î�ÔeÖ[äeÊ)Ï � Î�Íqà � > Ó£Í ( -

Ì!ÞÂÓ�ß·Ô]à�Ê)Ï�Þ�ÔeÖ�Í�� �6> ×�Ó�ß�ÊÅÓ£ÍeÓ�ÔeÛ�Ï�ÍqÐ£Ê�Î�ÔeÖ[äeÊ)Ï �OÎ�Íqà � > �2Ë�Ó£Í � - �(Ë�Ì!ÞÂÓ�ß»ÔBà�Ê)Ï�Þ�ÔeÖ·Í�� ��( �(Ë»ÔeÖ�Ï·Ó�ß[Ê

ÍRæeÊoÎ�ÔeÛ�ÛWÓ£Î�Ê)ÔLÓ�à�Ê)Ö�Ó(Ó�Þ�à�Ê	Î�ÔeÖ[äeÊ)Ï �OÎ�Íqà � �ºÏ5Ô)ËPÐÓ£Í ( �BÏ�ÔRË;Ð�Ì!ÞÂÓ�ß�Ôºà�Ê)Ï�Þ ÔeÖ³Í�� 7 �BÏ�ÔRË;Ð)ç 
ß[Ê«Î�ÔeÏ5Þ�ÔLÓ�ÞÂÍqÖ

Ì¢ÔeÐUÏ[Ê)Û�Þ�æeÊoÎ�Ê)Ï"á�Ð�Þ Ö[ä �.� Õ�ÍqÖ � ÍeÎ�à�ÔeÛ�Ó£Ê)Õ�ß�Ö�Þ �;á[Ê)ÐUÔeÐ	Ï[Ê)Ð�Õ�Î�Þ � Ê)Ï»Ê)Û Ð£ÊoÌ!ß[ÊoÎ�Ê �Ø[ÔeÖ�Ï�ÛÂÊoÎ«ÊoÓ	ÔeÛ ,.-�-�-/��ç³Ò�ÍqÐ£Ó

Ó£Î�Ê)ÔLÓ�à�Ê)ÖaÓ�Ò.ØPÙ4Ì.ÔeÐ2à�Ê)ÔeÐ�á�Î�Ê)Ï�ÔLÓ�ÔLÜ�Ü5Î�Í �[Þ�à�ÔLÓ£Ê)ÛÂË � à�ÍqÖaÓ�ß»Þ�Ö�Ó£ÊoÎ�æ@ÔeÛ�Ð)ç5
ß[ÊÅà�Ê)Ï�Þ�ÔeÖ·Ö;á�à � ÊoÎ�Í��$Ò.ØPÙ

æLÔeÛ�á[Ê)Ð�Ü�ÊoÎ�Ü#ÔLÓ�ÞÂÊ)Ö�Ó$Ì.ÔeÐ � � Î�ÔeÖ[äeÊ > å , ( ��ç�
ß[Ê!Ó£ÍeÓ�ÔeÛ#Ö;á�à � ÊoÎ$Í���Ò¢ØPÙµà�Ê)ÔeÐ�á[Î�Ê)Ð$Þ�Ð � >/7 -Pç 
ß[Ê!à�Ô �[Þ�àÅá�à

Ó�Þ�à�Ê � ÊoÓ{Ì+ÊoÊ)ÖXÓ£Î�Ê)ÔLÓ�à�Ê)ÖaÓ�ÔeÖ�Ï"Ô�Ò.ØPÙ à�Ê)ÔeÐ�á�Î�Ê)à�Ê)ÖaÓ	Þ�Ð > � 7 à�ÍqÖaÓ�ß�Ðoç �2á[Î�Þ Ö[ä³Ó�ß[Ê � ÍqÛ�ÛÂÍ=Ì%å�á[Ü"Ü�ÊoÎ�Þ�Í;Ï�×

á[ÜXÓ£Í82[Ê � Î�á�ÔLÎ�Ë�,.-�- > × > � -�Ü#ÔLÓ�ÞÂÊ)Ö�Ó�Ð	Ê��PÜ6ÊoÎ�ÞÂÊ)Ö�Õ�Ê)Ï"ÕoÛ�Þ Ö�Þ�ÕoÔeÛ�Î�Ê)Õoá�Î�Î�Ê)Ö�Õ�Ê)Ðo× �7 ß5ÔeÏDÛÂÍPÕoÔeÛ�Î�Ê)Õoá�Î�Î�Ê)Ö�Õ�Êe× � -

ß�ÔeÏ¤Ï�Þ�Ð£Ó�ÔeÖaÓ�à�ÊoÓ�ÔeÐ£Ó�ÔeÐ£Ê)Ð�ÔeÖ�Ï 7 ß�ÔeÏ¤Î�ÊoäqÞÂÍqÖ�ÔeÛ � ÔeÞ Û�á[Î�ÊºÔeÐÅÓ�ß[Ê)Þ�Î%��Î�Ð�Ó	ÕoÛ�Þ�Ö5Þ�ÕoÔeÛ�Î�Ê)Õoá�Î�Î�Ê)Ö�Õ�Êeç 2�%Ó�ß[Ê �.( �

Õ�Ê)Ö�Ð£ÍeÎ�Ê)Ï�Ü#ÔLÓ�ÞÂÊ)Ö�Ó�Ð)× > � �³Ï�ÞÂÊ)Ï�Í���ÍeÓ�ß[ÊoÎ�ÕoÔeá�Ð£Ê)Ð � Ê��OÍeÎ�Ê	ÔeÖaË�ÕoÛ�Þ�Ö�Þ ÕoÔeÛ�Î�Ê)Õoá[Î�Î�Ê)Ö�Õ�Ê	ÔeÖ�Ï �7 -´Ì+ÊoÎ�ÊÅÕ�Ê)Ö�Ð�ÍeÎ�Ê)Ï

ÔLÓ92[Ê � Î�á�ÔLÎ�Ë�,.-�- > ÍeÎ%Ì.ÊoÎ�ÊUÛÂÍqÐ£Ó¢Ó£Í&� ÍqÛ�ÛÂÍ=Ì%å�á[Ü]Ü�Î�Þ�ÍeÎ.Ó£ÍºÓ�ß�ÔLÓÏ�ÔLÓ£Êeç�
ß�Ê«à�Ê)Ï�Þ�ÔeÖ � ÍqÛ�ÛÂÍRÌå�á[Ü]Ó�Þ�à�Ê�Ì¢ÔeÐ � �

à�ÍqÖaÓ�ß�Ðoç:2tÞ'� Ó�Ë�Ö5Þ�Ö[ÊUÜ#ÔLÓ�ÞÂÊ)Ö�Ó�Ð(Î�Ê)Õ�Ê)Þ�æeÊ)ÏÀß[ÍeÎ�à�ÍqÖ�ÔeÛ_Ó�ß[ÊoÎ�ÔLÜ;Ë�Ü5Î�ÞÂÍeÎ!Ó£Í³ÔeÖaË�ÕoÛ�Þ Ö�Þ�ÕoÔeÛ`Î�Ê)Õoá[Î�Î�Ê)Ö�Õ�Êe×�Í���Ó�ß�Ê)Ð£Ê

>/7 ß�ÔeÏ�Ô�Û�ÔLÓ£ÊoÎ!ÕoÛ�Þ Ö�Þ�ÕoÔeÛ6Î�Ê)Õoá[Î�Î�Ê)Ö�Õ�Êeç
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ß[Ê´æLÔeÛ�Þ�Ï�ÔLÓ�ÞÂÍqÖXÏ�ÔLÓ�ÔeÐ£ÊoÓ�Õ�ÍqÖ�Ð�Þ�Ð£Ó�ÐÅÍ��!ÔeÛ�Û.Ï�ÔLÓ�Ô»Õ�ÍqÛ�ÛÂÊ)Õ�Ó£Ê)Ï ÍqÖ¤Ó�ß[Ê)Ð£Ê ( � �»Ü5ÔLÓ�ÞÂÊ)ÖaÓ�Ð�Ô.�OÓ£ÊoÎ 2�Ê � Î�á�ÔLÎ�Ë ,.-�- >

ÔeÖ�Ï´Ô)æLÔeÞ�Û�Ô � Û�Ê�Þ�Ö³Ø;ÊoÜ�Ó£Ê)à � ÊoÎ�,.-�-��;ç��ÀÊ � Í;Õoá5Ð$ÍqÖ´Ó�ß[Ê � > ,	Ü5ÔLÓ�ÞÂÊ)ÖaÓ�Ð+Ì�ß[ÍUÌ.ÊoÎ�Ê2ÔeÛ�ÞÂæeÊ2ÔLÓ+Ó�ß[Ê2Û�ÔeÐ£Ó¢Õ�ÍqÖaÓ�ÔeÕ�Ó

Ó�Þ�à�Ê]Þ�Ö¤Ó�ß[Ê³ÔeÖ�ÔeÛÂËPÐ�Þ�ÐÅÏ�ÔLÓ�ÔeÐ£ÊoÓo×.ÔeÖ�Ï Ì.ÊoÎ�Ê³Ö[ÍeÓ �;Ö[Í=Ì!Ö¤Ó£ÍÀß�Ô)æeÊ³Ê��PÜ�ÊoÎ�ÞÂÊ)Ö�Õ�Ê)Ï Ô»ÕoÛ�Þ�Ö�Þ ÕoÔeÛ�Î�Ê)Õoá[Î�Î�Ê)Ö�Õ�Ê]ÍeÎ

Î�Ê)Õ�Ê)ÞÂæeÊ)Ï³ß�ÍeÎ�à�ÍqÖ�ÔeÛ�Ó�ß[ÊoÎ�ÔLÜaËBÜ�Î�ÞÂÍeÎ.Ó£Í 2[Ê � Î�á5ÔLÎ�Ë ,.-�- > ç 
ß[ÊoÎ�Ê2Ì.ÊoÎ�Ê 7 � > Ü5ÔLÓ�ÞÂÊ)ÖaÓ�Ð¢Ì!ß[ÊoÎ�Ê�Ö[ÊoÌ � ÍqÛ�ÛÂÍ=Ì%å�á[Ü

Þ�Ö � ÍeÎ�à�ÔLÓ�Þ�ÍqÖBÌ¢ÔeÐ%Ô)æLÔeÞ�Û�Ô � ÛÂÊeç�Ù�à�ÍqÖ[äqÐ£Ó%Ó�ß[Ê)Ð£Ê 7 � > Ü#ÔLÓ�ÞÂÊ)Ö�Ó�Ð)× � � ,ÅÌ+ÊoÎ�Ê«ÔeÛ ÞÂæeÊ�ÔLÓ%Ó�ß[Ê�Ê)Ö�Ï´Í��_Ó�ß�Ê(Ó�ß5Þ�Ð¢Ö[ÊoÌ
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ß[Ê´Ü5ÔLÎ�Ôeà�ÊoÓ£ÊoÎ�Ê)Ð£Ó�Þ�à�ÔLÓ£Ê)Ð � ÍeÎ�Ó�ß[Ê³Õoá[Î�Ê]Ü5ÔLÎ�Ó�ÔeÖ�Ï¤Ó�ß[Ê³ß�Ô �)ÔLÎ�ÏXÜ#ÔLÎ�Ó�Í��!Ó�ß[Ê³à�ÍPÏ[Ê)Û.ÔLÎ�Ê³Ü�Î�Ê)Ð£Ê)ÖaÓ£Ê)Ï Þ�Ö


�Ô � ÛÂÊ)Ð > ÔeÖ�Ï ,;ç�
ß[ÊÎ�Ê)Ð�á�ÛÂÓ�Ð�� ÍeÎ$Ó�ß�Ê�Õoá[Î�Ê(à�ÍPÏ[Ê)Û�Ü5ÔLÎ�Ó$Ð�á[äeäeÊ)Ð£Ó.Ó�ß�ÔLÓ 
¢å�Ð£Ó�ÔLäeÊe× � ÔeÐ£Ê)Û�Þ Ö[Ê!Ò.Ø[ÙÄÔeÖ5Ï 
_ÍeÓ�ÔeÛ

�(ÍqÐ£Ê�ÔLÎ�Ê!ÔeÛ�Û�ÔeÐ�Ð�Í;ÕoÞ�ÔLÓ£Ê)ÏºÌ!ÞÂÓ�ß�Ó�ß�ÊÜ�Î�Í � Ô � Þ�Û�ÞÂÓ{Ë«Í���Õoá[Î�Ê!Þ�Ö�Ó�ß�ÊÊ��;Ü�Ê)Õ�Ó£Ê)ÏBÏ�ÞÂÎ�Ê)Õ�Ó�ÞÂÍqÖ`ç�
_Î�Ê)ÔLÓ�à�Ê)ÖaÓ+Ï�á�Î�ÔLÓ�ÞÂÍqÖ

ÔeÖ�Ï �2ÛÂÊ)ÔeÐ£ÍqÖ¤Ð�Õ�ÍeÎ�Ê]ÔLÎ�Ê]ÔLÓÅà�ÍqÐ£Ó	Ì.Ê)Ô.�PÛÂËDÔeÐ�Ð£ÍPÕoÞ�ÔLÓ£Ê)Ï¤Ì!ÞÂÓ�ßDÓ�ß[ÊºÜ5Î�Í � Ô � Þ�Û ÞÂÓ�Ë·Í��!Õoá[Î�Êeç82[ÍeÎ�Ó�ß[Ê´ß5Ô �)ÔLÎ�Ï

Í��%ÕoÛ�Þ�Ö�Þ ÕoÔeÛ_Î�Ê)Õoá[Î�Î�Ê)Ö�Õ�ÊBà�Í;Ï�Ê)Û�OÍeÎ	Ó�ß[ÊºÖ[ÍqÖPå�Õoá�Î�Ê)ÏÀäeÎ�Íqá[ÜW× � Ë �÷ÔLÎUÓ�ß[Ê�à�ÍqÐ£Ó	Þ�à�Ü6ÍeÎ�Ó�ÔeÖ�Ó2æLÔLÎ�Þ�Ô � ÛÂÊ�Þ Ð�Ó�ß[Ê

Ð�ÛÂÍeÜ�Ê«Í���Ò¢ØPÙ	×�ÍeÓ�ß[ÊoÎ2Þ�à�Ü�ÍeÎ�Ó�ÔeÖaÓæ@ÔLÎ�Þ�Ô � ÛÂÊ)Ð�ÔLÎ�Ê	ß[ÍeÎ�à�ÍqÖ�ÔeÛ`Ó�ß�ÊoÎ�ÔLÜaËe× � ÔeÐ£Ê)Û Þ�Ö[Ê«Ò.Ø[Ù ÔeÖ�Ï �2Û�Ê)ÔeÐ£ÍqÖ�Ð�Õ�ÍeÎ�Êeç

�wÖ�Ó£ÊoÎ�Ê)Ð�Ó�Þ�Ö[äqÛÂËÅÓ�ß[Ê!Õoá[Î�Î�Ê)Ö�Ó$æ@ÔeÛ�á�Ê%Í���Ò¢ØPÙÄÞ�Ð�Ö[ÍeÓ$ÔeÐ�Ð£Í;ÕoÞ ÔLÓ£Ê)Ï�Ì!ÞÂÓ�ß�Ó�ß[Ê!ß�Ô �)ÔLÎ�Ï�Í���ÕoÛ Þ�Ö�Þ�ÕoÔeÛPÊoæeÊ)ÖaÓ$Ì!ß�Ê)Ö�Ó�ß[Ê

ÍeÓ�ß[ÊoÎ�æ@ÔLÎ�Þ Ô � ÛÂÊ)Ð%ÔLÎ�ÊUÞ Ö�ÕoÛ�á�Ï[Ê)Ï]Þ�ÖIÓ�ß[ÊUà�ÍPÏ[Ê)Û¸ç�
ß�Ê«Ð£Ü�Ê)ÕoÞ'�5Õ2Î�Ê)Ð�á5ÛÂÓ�Ð¢Î�ÊoäqÔLÎ�Ï�Þ Ö[ä�Ó�ß[ÊUÔeÐ�Ð�Í;ÕoÞ�ÔLÓ�Þ�ÍqÖ � ÊoÓ�Ì.ÊoÊ)Ö

Ó�ß[Ê³Õ�ÍRæLÔLÎ�Þ�ÔLÓ£Ê)ÐºÔeÖ�ÏDÓ�ß�Ê´Ü#ÔLÓ£Ó£ÊoÎ�Ö Í��!Ò.Ø[Ù ÔLÎ�Ê³Ö[ÍeÓ�Ü�Î�Ê)Ð£Ê)ÖaÓ£Ê)Ï�×�Ó�ß[Ê³à�ÍqÐ�Ó�Þ Ö�Ó£ÊoÎ�Ê)Ð�Ó�Þ�Ö[ä�ÔLÎ�Ê´Ó�ß5ÔLÓ�ß5ÞÂäqß[ÊoÎ


¢å�Ð£Ó�ÔLäeÊe× � ÔeÐ£Ê)Û�Þ�Ö�Ê(Ò¢ØPÙ ÔeÖ�Ï ��ÛÂÊ)ÔeÐ£ÍqÖIÔLÎ�Ê�ÔeÛ�Û�ÔeÐ�Ð£Í;ÕoÞ ÔLÓ£Ê)Ï³Ì!ÞÂÓ�ß]Ô1� ÔeÐ�Ó£ÊoÎÎ�ÔLÓ£Ê�Í��tÞ�Ö�Õ�Î�Ê)ÔeÐ£Ê2Í��tÒ.ØPÙ¨Þ�Ö´Ó�ß[Ê

Ö[ÍqÖPå�Õoá�Î�Ê)Ï]äeÎ�Íqá[Ü`ç

2tÞÂäqá[Î�Ê > Ð�ß[ÍRÌ�Ð¢Ó�ß[Ê�Ü5ÔLÓ£Ó£ÊoÎ�Ö³Í��tÒ.Ø[Ù ÔeÖ�Ï]Ó�ß[Ê�Ü5Î�Ê)Ï�Þ�Õ�Ó£Ê)Ï]Ü�Î�Í � Ô � Þ�Û�Þ�Ó�Ë�Í���� á[Ó�á�Î�Ê�ÕoÛ�Þ�Ö�Þ�ÕoÔeÛ#Î�Ê)Õoá[Î�Î�Ê)Ö�Õ�Ê

� Î�Íqà Ó�ß[ÊIÏ�ÔLÓ£Ê³Í���Û�ÔeÐ�Ó�Õ�ÍqÖaÓ�ÔeÕ�Óo×%Ì!ÞÂÓ�ßfÔeÖ5Ï Ì!ÞÂÓ�ß[Íqá[Ó�Ó�ß[Ê�ÔeÏ�Ï�ÞÂÓ�ÞÂÍqÖ¤Í��2ß[ÍeÎ�à�ÍqÖ5ÔeÛ¢Ó�ß[ÊoÎ�ÔLÜ;Ë¤ÔLÓ�Ó�ß�ÊIÛ�ÔeÐ£Ó

Õ�ÍqÖaÓ�ÔeÕ�ÓÅÓ�Þ à�Êe×�� ÍeÎÅÓ�ß[Î�ÊoÊºÐ£Ê)Û�Ê)Õ�Ó£Ê)ÏXÜ#ÔLÓ�ÞÂÊ)Ö�Ó�ÐUÌ!ÞÂÓ�ßXÛÂÍqÖ[ä�� ÍqÛ�ÛÂÍ=Ì á[Ü"Ó�Þ à�Ê)Ðoç 
ß[ÊBÜ5ÔLÓ�ÞÂÊ)ÖaÓ�Ð«Ì.ÊoÎ�ÊBÐ£Ê)Û�Ê)Õ�Ó£Ê)Ï

Ó£Í»Þ�Û�Û�á�Ð�Ó£Î�ÔLÓ£ÊºÔ�Î�ÔeÖ[äeÊ´Í��!Ò.ØPÙ Ü#ÔLÓ£Ó£ÊoÎ�Ö�Ð�ÔeÖ�ÏXÜ�Î�Ê)Ï�Þ�Õ�Ó�Þ�ÍqÖ�Ðoç 
ß�ÊBà�ÔLäqÖ�Þ�Ó�á�Ï[Ê�Í��Ó�ß�ÊBÜ�ÍeÓ£Ê)ÖaÓ�Þ�ÔeÛ+Þ à�Ü5ÔeÕ�Ó

Í��$ß[ÍeÎ�à�ÍqÖ�ÔeÛ_Ó�ß[ÊoÎ�ÔLÜ;Ë ���5
2�ÕoÔeÖ � Ê	Ð£ÊoÊ)Ö`ç 
!ß[ÊUÎ�Þ�äqß�Ó(ß�ÔeÖ�Ï·ß�ÔeÛ'��Í���Ó�ß[Ê1��äqá[Î�Ê	Ð�ß[Í=Ì!Ð(Ó�ß[Ê�á�Ö�Õ�ÊoÎ�Ó�ÔeÞ�ÖaÓ�Ë

Í��2Ó�ß[Ê�Ü5Î�Ê)Ï�Þ�Õ�Ó�ÞÂÍqÖ Í���ÕoÛ�Þ Ö�Þ�ÕoÔeÛ¢Î�Ê)Õoá[Î�Î�Ê)Ö�Õ�Êe×¢Ì!ÞÂÓ�ß[Íqá�Ó �5
�ç 2[ÍeÎBÜ#ÔLÓ�ÞÂÊ)Ö�Ó�Ð �÷Ô/��ÔeÖ�Ï � � �ÅÓ�ß[ÊoÎ�Ê�Þ�Ð�ÔXÕoÛÂÊ)ÔLÎ

Ü5ÔLÓ£Ó£ÊoÎ�Ö�Í���Þ�Ö�Õ�Î�Ê)ÔeÐ�Þ�Ö[ä�Ò.Ø[ÙU×5Ð�á[äeäeÊ)Ð£Ó�Þ�Ö[äºÊoæeÊ)Ö�Ó�á�ÔeÛ�ÕoÛ�Þ�Ö5Þ�ÕoÔeÛ�Î�Ê)Õoá[Î�Î�Ê)Ö�Õ�Êeç%Ò�ÔLÓ�Þ�Ê)Ö�Ó �÷Ô/�ß�ÔeÐ�ÔºÐ£Ó£ÊoÊoÜ�ÊoÎ�Î�Þ�Ð£Ê

Ó�ß�ÔeÖ¤Ü5ÔLÓ�ÞÂÊ)ÖaÓ � � �UÌ!ß�Þ�Õ�ßXÛÂÊ)ÔeÏ5Ð	Ó£ÍÀÔ·ß�ÞÂäqß[ÊoÎÅÜ�Î�Í � Ô � Þ�Û�ÞÂÓ{Ë»Í��Î�Ê)Õoá[Î�Î�Ê)Ö�Õ�ÊBÌ�ÞÂÓ�ß�Þ�Ö �·ËeÊ)ÔLÎ�Ðoç 2[ÍeÎ�Ü5ÔLÓ�ÞÂÊ)ÖaÓ

�÷Õ �Ó�ß[Ê	�÷Ô)æeÍeÎ�Ô � ÛÂÊÅÜ5ÔLÓ£Ó£ÊoÎ�Ö�Í��$Ò.ØPÙ�Ü�ÍqÐ£ÓwåÓ£Î�Ê)ÔLÓ�à�Ê)Ö�Ó2Ð�á[äeäeÊ)Ð�Ó�Ð(Õoá�Î�Êe×#Ì�ß�Þ�Õ�ß�Õ�ÍeÎ�Î�Ê)Ð£Ü�ÍqÖ�Ï5ÐÓ£Í´Ó�ß[ÊÅÔeÛ à�ÍqÐ£Ó

ß[ÍeÎ�Þ �oÍqÖ�Ó�ÔeÛ¢Ü�Î�Ê)Ï�Þ�Õ�Ó£Ê)ÏfÕoÛ�Þ�Ö5Þ�ÕoÔeÛ$Î�Ê)Õoá[Î�Î�Ê)Ö�Õ�Ê³Õoá[Î�æeÊe×+ß[Í=Ì+ÊoæeÊoÎBÓ�ß[ÊoÎ�ÊIÞ�Ð�Ô»Ð�à�ÔeÛ Û+Ü5Î�Í � Ô � Þ�Û ÞÂÓ�Ë"Í���ÊoæeÊ)Ö�Ó�á5ÔeÛ

Î�Ê)Õoá[Î�Î�Ê)Ö�Õ�Ê � -Pç - 7 �´ÔeÐ´Ð£ÊoÊ)ÖµÞ�ÖgÓ�ß[Ê·á5Ö�Õ�ÊoÎ�Ó�ÔeÞ�ÖaÓ�Ë Õoá[Î�æeÊ)Ðoç 2tÞÂäqá[Î�Ê ,XÐ�ß[ÍRÌ�ÐºÓ�ß[Ê·Ü5ÔLÓ£Ó£ÊoÎ�ÖFÍ��UÒ¢ØPÙÚÔeÖ�Ï

Ü�Î�Ê)Ï5Þ�Õ�Ó£Ê)ÏºÜ5Î�Í � Ô � Þ�Û ÞÂÓ�ÞÂÊ)Ð�Í���ÕoÛ�Þ�Ö�Þ�ÕoÔeÛ5Î�Ê)Õoá[Î�Î�Ê)Ö�Õ�Ê5� ÍeÎ��UÜ5ÔLÓ�ÞÂÊ)ÖaÓ�Ð¢Ì!ÞÂÓ�ß´Ð�ß[ÍeÎ�Ó.ÍeÎà�Ê)Ï�Þ�á5à � ÍqÛ�ÛÂÍRÌå�á[ÜBÓ�Þ à�Ê)Ðoç

ÒtÔLÓ�ÞÂÊ)ÖaÓ �÷Ï �(ß�ÔeÐ�ÔeÖÀÔeÛ�à�ÍqÐ�Ó2Û�ÊoæeÊ)ÛtÜ5ÔLÓ£Ó£ÊoÎ�Ö»Í��¢Ò.ØPÙ � á[Ó2Ì!ÞÂÓ�ß»Ô]Ð�á[äeäeÊ)Ð£Ó�ÞÂÍqÖ"Í��+ÔeÖÀÞ�Ö�Õ�Î�Ê)ÔeÐ£Ê�ÔLÓ�Ó�ß[Ê�Ê)Ö�Ï

Í��!ß�Þ Ð%� ÍqÛ�ÛÂÍ=Ì%å�á[Ü`ç 
ß;á�ÐUÓ�ß�ÊoÎ�Ê´Þ Ð	Õ�ÍqÖ�Ð�Þ�Ï[ÊoÎ�Ô � Û�ÊBá�Ö�Õ�ÊoÎ�Ó�ÔeÞ�Ö�Ó{ËDÔ � Íqá[ÓÅÓ�ß[Ê �÷á[Ó�á[Î�Ê � ÍeÎ	Ó�ß5Þ�ÐUÜ#ÔLÓ�ÞÂÊ)Ö�Óo×$Ó�ß�Þ�Ð

�
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Þ�Ð2Î�Ê � Ê)Õ�Ó£Ê)Ï"Þ�Ö·Ó�ß[Ê�Î�ÞÂäqßaÓ«ß�ÔeÖ�Ï»ß�ÔeÛ��$Í��.Ó�ß[Ê ��äqá[Î�Êeç1��Ó«Ð�ß[ÍRÌ�Ð�ß[ÍeÎ�Þ��oÍqÖaÓ�ÔeÛ�Õoá[Î�æeÊ)Ð«Î�Ê � Ê)Õ�Ó�Þ�Ö[ä³Õoá[Î�Ê � Ì!ÞÂÓ�ß

Ü�Î�Í � Ô � Þ�Û�ÞÂÓ{Ë -Pç � � �´ÔeÖ�ÏFÏ�Ê)Õ�Î�Ê)ÔeÐ�Þ�Ö[ä Õoá[Î�æeÊ)Ð´Î�Ê � Ê)Õ�Ó�Þ�Ö[ä¤ÊoæeÊ)Ö�Ó�á�ÔeÛ2Î�Ê)Õoá[Î�Î�Ê)Ö�Õ�Ê � Ì!ÞÂÓ�ßFÜ�Î�Í � Ô � Þ�Û�ÞÂÓ{Ë -Pç � � ��ç

ÒtÔLÓ�ÞÂÊ)ÖaÓ�� Ê���ß�ÔeÐºÔÀÕoÛÂÊ)ÔLÎ�ÛÂË¤Î�Þ�Ð�Þ Ö[ä�Ü#ÔLÓ£Ó£ÊoÎ�ÖfÍ��2Ò.ØPÙ	×�ÊoæeÊ)Ö Ó�ß[Íqá�äqßfÓ�ß[ÊIæLÔeÛ�á[Ê)Ð�ÔLÎ�Ê�ÛÂÍRÌ«×+Ó�ß�Þ�Ð�Û�Ê)ÔeÏ�Ð�Ó£Í

Ð�ÞÂäqÖ5Þ'�5ÕoÔeÖaÓ�Ü5Î�Í � Ô � Þ�Û ÞÂÓ�Ë«Í���Î�Ê)Õoá�Î�Î�Ê)Ö�Õ�Ê%Ì!Þ�Ó�ß�Þ�Ö �«ËeÊ)ÔLÎ�Ðoç�ÒtÔLÓ�ÞÂÊ)ÖaÓ5� � �tß5ÔeÐ�æeÊoÎ�Ë�Ð�ß[ÍeÎ�Ó � ÍqÛ�ÛÂÍ=Ì%å�á[Ü�ÛÂÊ)ÔeÏ5Þ�Ö[ä2Ó£Í

Õ�ÍqÖ�Ð�Þ Ï[ÊoÎ�Ô � ÛÂÊ2Î�ÔeÖ�äeÊ�Í��_Ü�Î�Ê)Ï�Þ�Õ�Ó£Ê)Ï]Ü�Î�Í � Ô � Þ�Û�ÞÂÓ�Þ�Ê)Ð$Í���Î�Ê)Õoá[Î�Î�Ê)Ö�Õ�Ê�Ì!ÞÂÓ�ß�Þ Ö ��ËeÊ)ÔLÎ�Ðoç���ÓÞ�Ð%ÔeÛ�Ð£Í�Ì.ÍeÎ�Ó�ßIÖ�ÍeÓ�Þ�Ö[ä

Ó�ß�ÔLÓ2Ï[Ê)Ð£Ü5Þ�Ó£Ê	Ô´ÕoÛÂÊ)ÔLÎ�ÛÂËIÞ�Ö5Õ�Î�Ê)ÔeÐ�Þ�Ö[äºÜ5ÔLÓ£Ó£ÊoÎ�Ö·Í��$Ò.Ø[Ù��OÍeÎ2Ð£Íqà�ÊÅÍ���Ó�ß[Ê	Ü5ÔLÓ�ÞÂÊ)ÖaÓ�Ð(Þ Ö 2tÞÂäqá[Î�Ê)Ð > ÔeÖ�Ï ,;× � ÍeÎ

Ö[ÍqÖ[Ê(Þ�Ð�Ó�ß�Ê!Ü�Î�Ê)Ï5Þ�Õ�Ó£Ê)Ï�Ü�Î�Í � Ô � Þ�Û�ÞÂÓ{Ë	Í���Î�Ê)Õoá[Î�Î�Ê)Ö�Õ�Ê�Ì!ÞÂÓ�ß�Þ Ö �UËeÊ)ÔLÎ�Ð.äeÎ�Ê)ÔLÓ£ÊoÎ¢Ó�ß�ÔeÖ 7 - 6 ç �ÀÊ(Ê)Ö�æPÞ�Ð�ÞÂÍqÖ�Ó�ß�ÔLÓ

äeÎ�ÔLÜ5ß5Ð�Ð�á�Õ�ßºÔeÐ�Ó�ß[Ê)Ð£ÊÕ�Íqá�Û Ï � Êá5Ð£Ê�� á5ÛaÓ£Í�Ó�ß�ÊÕoÛ�Þ�Ö�Þ�ÕoÞ ÔeÖÅÔeÖ5Ï�Ó�ß[Ê%Ü5ÔLÓ�ÞÂÊ)ÖaÓ�Þ�Ð�Ï[Ê)ÕoÞ�Ï5Þ�Ö[ä(Ì!ß[ÊoÓ�ß[ÊoÎ�Ó£Í«Þ Ö�ÞÂÓ�Þ�ÔLÓ£Ê

�2
�×[ÍeÎ!Ì!ß�Ê)Ö³Ò.ØPÙ,Ð�ß[Íqá�Û Ï´Ö�Ê��;Ó � Ê«à�Ê)ÔeÐ�á[Î�Ê)Ï�ç

2tÞÂäqá[Î�Ê �	Ð�ß[ÍRÌ�Ð$Ü�Î�Ê)Ï�Þ�Õ�Ó£Ê)ÏºÔeÖ5ÏºÍ � Ð�ÊoÎ�æeÊ)Ï �÷á[Ó�á[Î�Ê!æLÔeÛ�á[Ê)Ð�Í��_Ò.ØPÙ � ÍeÎ+Ó�ß�Ê�Ð�Þ �ºÐ�Ê)ÛÂÊ)Õ�Ó£Ê)Ï´Ü5ÔLÓ�ÞÂÊ)ÖaÓ�Ðoç 
ß[Ê

Ð�ß�ÔeÏ�Ê)Ï�ÔLÎ�Ê)ÔeÐ�Î�ÊoÜ5Î�Ê)Ð£Ê)ÖaÓ (7�6 Ü�Î�Ê)Ï5Þ�Õ�Ó�ÞÂÍqÖ�Þ�ÖaÓ£ÊoÎ�æ@ÔeÛ Ð�OÍeÎ�Ê)ÔeÕ�ß�Ü5ÔLÓ�Þ�Ê)Ö�Óo×qÓ�ß�Ê)Ð£Ê!ÔLÎ�ÊÏ[ÊoÎ�ÞÂæeÊ)Ï �OÎ�Íqà Ó�ß[Êà�ÍPÏ[Ê)Û

��Ó	Ó£Í�Ó�ß[Ê]Ò.Ø[Ù Ï�ÔLÓ�Ô �÷ÔeÐ�Ð�ß�ÍRÌ!Ö � ËÀÓ�ß�Ê´Ï[ÍeÓ�Ð ��ç �ÀÊ³Ö[ÍeÓ£Ê´Ó�ß�ÔLÓ	Ü#ÔLÓ�ÞÂÊ)Ö�Ó�Ð��÷Ô/��×5� � �«ÔeÖ�Ï �÷Õ �«Ì�ß[Í�ß�ÔRæeÊ

ÛÂÍeÓ�Ð�Í��(Ï�ÔLÓ�ÔÀß�Ô)æeÊ �÷ÔeÞÂÎ�Û�ËDÖ�ÔLÎ�Î�Í=Ì Ü�Î�Ê)Ï�Þ�Õ�Ó�Þ�ÍqÖXÞ�ÖaÓ£ÊoÎ�æLÔeÛ�Ðo×�Ì�ß[ÊoÎ�Ê)ÔeÐ�Ü5ÔLÓ�ÞÂÊ)ÖaÓ�� � �Åß�ÔeÐ�ÛÂÊ)Ð�Ð1� ÍqÛ�ÛÂÍ=Ì%å�á[ÜfÔeÖ�Ï

Ó�ß;á�Ð¢Ô	Ì�Þ�Ï[ÊoÎ$Ü5Î�Ê)Ï�Þ�Õ�Ó�ÞÂÍqÖ´Þ�ÖaÓ£ÊoÎ�æLÔeÛ¸ç�ÀÊ(Ê)ÖaæPÞ�Ð�ÞÂÍqÖ´ÔÅäeÎ�ÔLÜ5ß´Û�Þ'�eÊ(Ó�ß�Þ�Ð+Ì+Íqá�Û ÏBÔeÛ�Ð�Í � Ê2á�Ð£Ê��÷á�Û5Þ�Ö´à�ÍqÖ�Þ�Ó£ÍeÎ�Þ�Ö[ä

Ó�ß[Ê�Ü5Î�ÍeäeÎ�Ê)Ð�Ð�Þ�ÍqÖ»Í��.Ó�ß�Ê�Ü5ÔLÓ�ÞÂÊ)ÖaÓo× � ÍeÎUÊ��[Ôeà�Ü5ÛÂÊ�Þ'�.ÔIÖ[ÊoÌ Ò¢ØPÙ æ@ÔeÛ�á�Ê�Þ�Ð�à�Ê)ÔeÐ�á[Î�Ê)Ï"ÔeÖ�Ï"ÞÂÓ��÷ÔeÛ�Û�Ð2Íqá�Ó�Ð�Þ�Ï[Ê

Ó�ß[Ê]Ð�ß�ÔeÏ[Ê)ÏDÎ�ÊoäqÞÂÍqÖ¤Ó�ß[Ê)ÖXÓ�ß�Þ�Ð	Þ�Ð	Þ Ö�Ï�Þ�ÕoÔLÓ�ÞÂæeÊºÍ��Ó�ß[ÊºÜ#ÔLÓ�ÞÂÊ)Ö�Ó�Ï[ÍqÞ�Ö�ä�Ê)ÞÂÓ�ß[ÊoÎÅÌ.ÍeÎ�Ð£Ê´Ó�ß�ÔeÖDÍeÎ � ÊoÓ£Ó£ÊoÎÅÓ�ß�ÔeÖ
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(b)     estimated probability of recurrence = 1
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(c)     estimated probability of recurrence = 0.05
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(d)     estimated probability of recurrence = 0.37
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(e)     estimated probability of recurrence = 1
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(f)     estimated probability of recurrence = 0.24
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