
University of Nebraska Medical Center University of Nebraska Medical Center 

DigitalCommons@UNMC DigitalCommons@UNMC 

Journal Articles: Epidemiology Epidemiology 

2019 

Individual- and County-Level Determinants of High Breast Cancer Individual- and County-Level Determinants of High Breast Cancer 

Incidence Rates Incidence Rates 

Mario Schootman 

Kendra Ratnapradipa 

Travis Loux 

Allese McVay 

L. Joseph Su 

See next page for additional authors 

Follow this and additional works at: https://digitalcommons.unmc.edu/coph_epidem_articles 

 Part of the Epidemiology Commons 

http://www.unmc.edu/
http://www.unmc.edu/
https://digitalcommons.unmc.edu/
https://digitalcommons.unmc.edu/coph_epidem_articles
https://digitalcommons.unmc.edu/coph_epidem
https://digitalcommons.unmc.edu/coph_epidem_articles?utm_source=digitalcommons.unmc.edu%2Fcoph_epidem_articles%2F148&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/740?utm_source=digitalcommons.unmc.edu%2Fcoph_epidem_articles%2F148&utm_medium=PDF&utm_campaign=PDFCoverPages


Authors Authors 
Mario Schootman, Kendra Ratnapradipa, Travis Loux, Allese McVay, L. Joseph Su, Erik Nelson, and Susan 
Kadlubar 



� � � � � � � � � � 	 � � � 
 � � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  ! " # $ % & ' ' � ( ) * % + � + , % + + + - � � � ' * . . � / � � 	 � � 	 � � .  � � �  � + 0 . � � � � � �  ! � � 1 � � #
Introduction2 3 4 5 6 7 8 5 9 8 4 3 : 6 7 ; 4 < = 6 7 8 = < < = 9 > ? @ : 5 A 9 = 6 4 @ 8 5 9 8 4 3 : 9B = < 4 9 : 9 7 ; 4 C 9 : 7 4 @ D 7 5 7 4 6 E B : 7 ; 5 9 4 6 7 : < 5 7 4 @ F G H E H H I 9 4 B8 5 6 4 6 @ : 5 A 9 = 6 4 @ : 9 F I J H K J L M 2 3 4 5 6 7 8 5 9 8 4 3 : 9 8 : @ 4 9 8 4 N 5 3 : 4 6@ 3 5 < 5 7 : 8 5 > > ? 5 8 3 = 6 6 5 9 @ B : 7 ; : 9 6 7 5 7 4 6 K F E O L M P 4 @ Q 8 : 9 A R 3 4 5 6 7 8 5 9 8 4 3 @ : 6 S 5 3 : 7 : 4 6 E : 9 8 > Q @ : 9 A A 4 = A 3 5 S ; : 8 @ : 6 S 5 3 : 7 : 4 6 E : 6 5 9= N 4 3 5 3 8 ; : 9 A A = 5 > = T 7 ; 4 U 4 5 > 7 ; ? V 4 = S > 4 F I F I : 9 : 7 : 5 7 : N 4 K G L MV 3 = A 3 4 6 6 ; 5 6 R 4 4 9 < 5 @ 4 : 9 3 4 @ Q 8 : 9 A A 4 = A 3 5 S ; : 8@ : 6 S 5 3 : 7 : 4 6 : 9 R 3 4 5 6 7 8 5 9 8 4 3 = Q 7 8 = < 4 6 E R Q 7 @ : 6 S 5 3 : 7 : 4 6 3 4 < 5 : 9K W E H L M C 9 @ 4 3 6 7 5 9 @ : 9 A 7 ; 4 8 = < S > 4 X 5 9 @ < Q > 7 : > 4 N 4 > T 5 8 7 = 3 6

Original Article 

Individual- and county-level determinants of high breast cancer 

incidence ratesY Z [ \ ] ^ _ ` ] ] a b Z c d e f g c h [ Z i Z a c Z j [ Z h \ j Z k l m e n [ Z o \ p q ] r s t e u v v g p g Y _ w Z x t e q y z ] p g j ` ^ r { e | [ \ } ~ g v p ] c � e^ r p Z c f Z h v r � Z [ �� � � ' � � � � � � � 	 � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � 
 � � � � � � 	 � 
 � � � � � � � � / � � � � � � � � � % % � � � � � � � � % � � � 	 & � � � � � � � % � " � 
 � � � � � � 	 � � � � & � � 
 � � � � � � � � � �� 	 � � � � � � � � 
 � � � � � � � � � � � � � & � � � � � � � � 	 � � � � � 
 � � � � � � � � � � 	 � ' � � � � � 
 	 � & � � & � � � � � � % � " � � � ' � � � � � � � 	 � � � � � � � � � � � � � � � � � � 	 % � � � � � � � � � � � � � � �
 	 � & � � & � � � � � � % � " � � � ' � � � � � � � 	 � � ' � � � � � 	 � 	 � � � � � � � 	 � � � � � � � � � � � 
 	 � � � � � � 	 � � & � � � � � � � � � � � � � % 	 � � � � � & � � � � � � % � � � � � 	 & � � � � � � � � � � � � � % � �� 	 & � � � � � � � % � " � � � ' � � � � � � � 	 � � ' � � � � � 	 � 	 � � � � � � � � � � � � � 	 � � � � � � � � � � � � � � � � % � � � � � � � � � � � � � � 
 	 � � � � 
 � � % � " � � � ' � � � � � � � 	 � � ' � � � � � 	 � 	 � � � � �� � 	 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 	 	 � � � � � 	 � � � � � � % � " � � � � � � � 	 � 	 � � � � � � � � � � � � � � � � � 
 	 � � � � � 	 � � � � � � � � � � � � � � � � � � � � 	 � � � � � � � � � � 	 � � � � � � � �% � � � � � � � � � � � � � � 
 	 � � � � 
 � � % �� � �   � ¡ ¢ £   ¡ � � � * $ � ) 
 	 � � � ' � � 	 � � � � � � � � � � * � % � � 	 	 � � � � � � � 	 & / � � � � � � 	 � � � � % & " $ � � ) � � � � � � � � � � � � � � � & ' ' 	 � � * � 	 � � " $ � � � ) � � 	 � � � � 	 � 	 � � � & � �� � � � � � � � � 	 � ' � � � � � � � * % ¤ � � � & � � � � � � % & " $ � ¥ ) 
 	 � � � � � � 	 � � � � � � � � � � � � 	 � � � � � * % ¤ � � � & � � � � � % & � � % � � 	 	 � � � � � � � � ¥ � � " $ ¥ ) � � � � � � � � � � � � � � �� � � � � ' � � � � � � 	 � * ¤ 
 � � � � ' � � � � ' � � % ¤ � � � & � � � � � % � � 	 	 � � � � � � � 	 & / " $ ¥ � ) � � � & � � � � ' � � � � � � � � * � � � � & � � 	 � � " $ ¥ � � ) ¦ � � � � � ' ' � 	 � � � 	 � � � � & � � � � ' � * � � �� & � � 	 � � �� � � � � � § � � ¨ � � � �   � ©� � � � � % � � � 	 & � � � � � 1 +  + � � � % � � � � � � � * � � � � 	 � � � � 	 	 � � � � ª � � � � � � � � � � � 	 � �
Background: « ¬ ­ ® ¯ ° ± ² ³ ´ ­ ° µ ¶ ­ ¯ ³ ´ · ¯ ¸ · ­ ¶ ¶ ¯ ´ ­ ³ ¹ ¯ ¶ º ¯ · ¶ » ³ ³ ¯ ¸ ° ¼ ½ ´ ¾ ½ ¸ ³ ´ ¯ ´ ­ ³ ¿ À » ¼ ­ ¹ ­ ¶ Á Â » ³ ´ ³ ´ ¯ ´ ½ ³ ´ ½ · ¯ ÃÂ » ° ­ Ã ³ ½ ¸ ¾ ­ ¶ ­ ¸ ´ Ã º ½ ° ­ ¸ ´ ½ Ä º ­ ½ ´ ¾ ­ ¶ ½ ¸ ° ½ ¹ ½ ° ² ¯ Ã ® » ¶ ¯ ¶ ­ ¯ ® Ã ­ ¹ ­ Ã ° ­ ´ ­ ¶ Â ½ ¸ ¯ ¸ ´ ³ ´ » ­ Å Æ Ã ¯ ½ ¸ ¬ ­ » ¬ ¶ ¯ Æ ¾ ½ · ° ½ ³ Æ ¯ ¶ ½ ´ ½ ­ ³½ ¸ µ ¶ ­ ¯ ³ ´ · ¯ ¸ · ­ ¶ ¶ ¯ ´ ­ ³ ¯ ¸ ° ½ ¬ ¸ » ¶ ­ ´ ¾ ­ ­ Ä Ä ­ · ´ ³ » Ä ´ ¾ ­ » ´ ¾ ­ ¶ Ã ­ ¹ ­ Ã » Ä ° ­ ´ ­ ¶ Â ½ ¸ ¯ ¸ ´ ³ ¿ Ç ­ Æ ¶ ­ ³ ­ ¸ ´ ¯ Â ½ · ¶ » ® Â ¯ · ¶ »Â » ° ­ Ã Ã ½ ¸ ¬ ¯ Æ Æ ¶ » ¯ · ¾ ´ ¾ ¯ ´ ½ ¸ · » ¶ Æ » ¶ ¯ ´ ­ ³ µ » ´ ¾ Ã ­ ¹ ­ Ã ³ » Ä ° ­ ´ ­ ¶ Â ½ ¸ ¯ ¸ ´ ³ ´ » µ ­ ´ ´ ­ ¶ ­ Å Æ Ã ¯ ½ ¸ ´ ¾ ½ ³ ¹ ¯ ¶ ½ ¯ µ ½ Ã ½ ´ º ¯ ¸ ° ´ »° ½ ³ · » ¹ ­ ¶ » Æ Æ » ¶ ´ ² ¸ ½ ´ ½ ­ ³ ´ » ¶ ­ ° ² · ­ µ ¶ ­ ¯ ³ ´ · ¯ ¸ · ­ ¶ ¶ ¯ ´ ­ ³ ¿
Methods: È ¸ ° ½ ¹ ½ ° ² ¯ Ã ® Ã ­ ¹ ­ Ã ° ¯ ´ ¯ ¯ µ » ² ´ µ ¶ ­ ¯ ³ ´ · ¯ ¸ · ­ ¶ ¶ ½ ³ É Ä ¯ · ´ » ¶ ³ Ä ¶ » Â ­ Ã ½ ¬ ½ µ Ã ­ « ¶ É ¯ ¸ ³ ¯ ³ Ê ² ¶ ¯ Ã Ë » Â Â ² ¸ ½ ´ ºÀ ­ ¯ Ã ´ ¾ Ì « Ê Ë À Í ³ ´ ² ° º Æ ¯ ¶ ´ ½ · ½ Æ ¯ ¸ ´ ³ Ì ¸ Î Ï Ð Á Ñ Ñ Ò Í ¼ ¯ ³ ³ ² Æ Æ Ã ­ Â ­ ¸ ´ ­ ° ¼ ½ ´ ¾ Æ ² µ Ã ½ · Ã º ¯ ¹ ¯ ½ Ã ¯ µ Ã ­ · » ² ¸ ´ º ® Ã ­ ¹ ­ Ã° ¯ ´ ¯ ² ³ ½ ¸ ¬ ¯ ¸ » ¹ ­ Ã Â ½ · ¶ » ® Â ¯ · ¶ » ³ ´ ¯ ´ ½ ³ ´ ½ · ¯ Ã ¯ Æ Æ ¶ » ¯ · ¾ ¿ Ó ¾ ½ ³ Â » ° ­ Ã ² ³ ­ ³ ½ ¸ ° ½ ¹ ½ ° ² ¯ Ã ® Ã ­ ¹ ­ Ã ° ¯ ´ ¯ ´ » ¯ · · » ² ¸ ´ Ä » ¶¯ ¬ ¬ ¶ ­ ¬ ¯ ´ ½ » ¸ ® ½ ¸ ° ² · ­ ° µ ½ ¯ ³ ­ ³ Á ´ » Æ ¶ ­ ° ½ · ´ · » ² ¸ ´ º ® Ã ­ ¹ ­ Ã µ ¶ ­ ¯ ³ ´ · ¯ ¸ · ­ ¶ ½ ¸ · ½ ° ­ ¸ · ­ ¶ ¯ ´ ­ ³ ¯ · ¶ » ³ ³ « ¶ É ¯ ¸ ³ ¯ ³ ¿
Results: Ë » ² ¸ ´ º ® Ã ­ ¹ ­ Ã µ ¶ ­ ¯ ³ ´ · ¯ ¸ · ­ ¶ ½ ¸ · ½ ° ­ ¸ · ­ ¶ ¯ ´ ­ ³ ¶ ¯ ¸ ¬ ­ ° Ä ¶ » Â Ô Õ ¿ Ö ´ » Ï × Ï ¿ × Æ ­ ¶ Ï Õ Õ Á Õ Õ Õ Æ » Æ ² Ã ¯ ´ ½ » ¸ ¿ Ó ¾ ­Æ » Æ ² Ã ¯ ´ ½ » ¸ ° ­ ¸ ³ ½ ´ º Ì Ã » ¬ ´ ¶ ¯ ¸ ³ Ä » ¶ Â ­ ° Í Á ¯ ¸ ° Ã ­ ¯ ° ­ Å Æ » ³ ² ¶ ­ Ì Ã » ¬ ´ ¶ ¯ ¸ ³ Ä » ¶ Â ­ ° Í Á ­ Å Æ Ã ¯ ½ ¸ ­ ° Ï Ò ¿ Ï Ø » Ä ´ ¾ ­ · » ² ¸ ´ º¹ ¯ ¶ ½ ¯ ¸ · ­ ¿
Conclusions: Ù ² ¶ ¶ ­ ³ ² Ã ´ ³ ³ ² Æ Æ » ¶ ´ ´ ¾ ­ » ¶ ­ ´ ½ · ¯ Ã Â » ° ­ Ã ³ ´ ¾ ¯ ´ Â ¯ ½ ¸ ´ ¯ ½ ¸ ´ ¾ ¯ ´ ¯ ¶ ­ ¯ ® Ã ­ ¹ ­ Ã ° ­ ´ ­ ¶ Â ½ ¸ ¯ ¸ ´ ³ » Ä µ ¶ ­ ¯ ³ ´· ¯ ¸ · ­ ¶ ½ ¸ · ½ ° ­ ¸ · ­ ¯ ¶ ­ É ­ º ¶ ½ ³ É Ä ¯ · ´ » ¶ ³ ½ ¸ ¯ ° ° ½ ´ ½ » ¸ ´ » ­ ³ ´ ¯ µ Ã ½ ³ ¾ ­ ° ½ ¸ ° ½ ¹ ½ ° ² ¯ Ã ¶ ½ ³ É ³ ¿
Keywords: 

� � � � � � � � 	 ' � � � � � " � � 	 � � � ' � � " � � � � � � 	 � � 	 	 � " � � � � � � � � � � � � � ' � � � � � � � " � � � � � � � � � � � � � �% & � � � � � � � ¦ � � � Ú � � �  ! � � � � � ' � � � � 	 � ' & � � � � � � � 	 � � � � + � � � �  ! �� 	 � *  � � �  � + 0 . � � � � � �  ! � � 1 � � #Û Ü Ý Þ ß à Ü á â ã ß Ü ä å Ý â ß æ � � � ' * . . � / � � 	 � � 	 � � .  � � �  � + 0 . � � � � � �  ! � � 1 � � #



S324 Schootman et al. Determinants of high breast cancer incidence rates

� � � � � � � � � � 	 � � � 
 � � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  ! " # $ % & ' ' � ( ) * % + � + , % + + + - � � � ' * . . � / � � 	 � � 	 � � .  � � �  � + 0 . � � � � � �  ! � � 1 � � #

5 9 @ : < S > 4 < 4 9 7 4 T T 4 8 7 : N 4 : 9 7 4 3 N 4 9 7 : = 9 6 M ç = < S > 4 X < Q > 7 : > 4 N 4 >T 5 8 7 = 3 6 : 9 8 > Q @ 4 : 9 @ : N : @ Q 5 > T 5 8 7 = 3 6 è T 5 < : > ? E T 3 : 4 9 @ 6 E 5 9 @ 6 = 8 : 5 >6 Q S S = 3 7 T 5 8 7 = 3 6 è ; 4 5 > 7 ; 8 5 3 4 S 3 = N : @ 4 3 5 9 @ = 3 A 5 9 : é 5 7 : = 9 5 >T 5 8 7 = 3 6 è 5 9 @ S = > : 8 ? 5 9 @ 8 = < < Q 9 : 7 ? T 5 8 7 = 3 6 K ê L M 2 4 8 5 Q 6 4S Q R > : 8 ; 4 5 > 7 ; S 3 = A 3 5 < 6 5 9 @ S = > : 8 : 4 6 5 3 4 T 3 4 ë Q 4 9 7 > ? @ 4 6 : A 9 4 @5 9 @ : < S > 4 < 4 9 7 4 @ 5 7 7 ; 4 8 = Q 9 7 ? ì > 4 N 4 > E 7 ; 4 3 4 : 6 N 5 > Q 4 7 =4 X 5 < : 9 4 @ : 6 S 5 3 : 7 : 4 6 5 7 7 ; : 6 > 4 N 4 > M D Q 8 ; > = 8 5 > : 9 T = 3 < 5 7 : = 98 5 9 5 > 6 = R 4 Q 6 4 @ R ? ; = 6 S : 7 5 > 6 5 9 @ ; 4 5 > 7 ; 8 5 3 4 6 ? 6 7 4 < 6 7 =Q 9 @ 4 3 6 7 5 9 @ > = 8 5 > 9 4 4 @ 6 T = 3 < 4 @ : 8 5 > 8 5 3 4 5 9 @ 7 = : < S 3 = N 4S = S Q > 5 7 : = 9 ; 4 5 > 7 ; < 5 9 5 A 4 < 4 9 7 5 6 S 5 3 7 = T 7 ; 4 í T T = 3 @ 5 R > 4ç 5 3 4 í 8 7 M î @ 4 9 7 : T ? : 9 A @ 4 7 4 3 < : 9 5 9 7 6 5 7 7 ; 4 : 9 @ : N : @ Q 5 > ì 5 9 @5 3 4 5 ì > 4 N 4 > 6 < 5 ? ; 4 > S 4 X S > 5 : 9 A 4 = A 3 5 S ; : 8 @ : 6 S 5 3 : 7 : 4 6 E 9 5 < 4 > ?B ; ? 6 = < 4 5 3 4 5 6 4 X S 4 3 : 4 9 8 4 ; : A ; 4 3 R 3 4 5 6 7 8 5 9 8 4 3 : 9 8 : @ 4 9 8 43 5 7 4 6 B ; : > 4 = 7 ; 4 3 5 3 4 5 6 4 X S 4 3 : 4 9 8 4 > = B 4 3 3 5 7 4 6 M î 9 @ : N : @ Q 5 > ì> 4 N 4 > @ 4 7 4 3 < : 9 5 9 7 6 : 9 8 > Q @ 4 R = 7 ; < = @ : T : 5 R > 4 K 4 M A M E R 4 : 9 A= N 4 3 B 4 : A ; 7 E Q 6 4 = T ; = 3 < = 9 4 6 E S ; ? 6 : 8 5 > : 9 5 8 7 : N : 7 ? E 5 > 8 = ; = >8 = 9 6 Q < S 7 : = 9 L 5 9 @ 9 = 9 ì < = @ : T : 5 R > 4 3 : 6 ï T 5 8 7 = 3 6 T = 3 R 3 4 5 6 78 5 9 8 4 3 K 4 M A M E 5 A 4 E > = 9 A 4 3 < 4 9 6 7 3 Q 5 > ; : 6 7 = 3 ? E T 5 < : > ? ; : 6 7 = 3 ?= T R 3 4 5 6 7 8 5 9 8 4 3 L K ð L M ñ ; 4 = 3 4 7 : 8 5 > < = @ 4 > 6 5 > 6 = 6 Q A A 4 6 77 ; 5 7 S = S Q > 5 7 : = 9 ; 4 5 > 7 ; : 6 5 T T 4 8 7 4 @ R ? S = S Q > 5 7 : = 9 ò 5 3 4 5 ìR 3 4 5 6 7 8 5 9 8 4 3 : 9 8 : @ 4 9 8 4 = 9 5 B : @ 4 3 6 8 5 > 4 M ó X 5 < S > 4 6 : 9 8 > Q @ 45 8 8 4 6 6 7 = < 4 @ : 8 5 > 8 5 3 4 E > = 8 5 > 6 = 8 : = 4 8 = 9 = < : 8 8 = 9 @ : 7 : = 9 6 E5 9 @ 3 5 8 : 5 > 6 4 A 3 4 A 5 7 : = 9 K J O E J G L E B ; : 8 ; 5 8 7 = 9 5 > > : 9 @ : N : @ Q 5 > 6: 9 5 S = S Q > 5 7 : = 9 : 9 8 > Q @ : 9 A B = < 4 9 5 7 3 : 6 ï T = 3 R 3 4 5 6 7 8 5 9 8 4 3 Mô ; : > 4 S 3 : = 3 3 4 6 4 5 3 8 ; ; 5 6 T = 8 Q 6 4 @ S 3 4 @ = < : 9 5 9 7 > ? = 9 4 : 7 ; 4 3: 9 @ : N : @ Q 5 > ì > 4 N 4 > @ 4 7 4 3 < : 9 5 9 7 6 = T : 9 @ : N : @ Q 5 > R 3 4 5 6 7 8 5 9 8 4 33 : 6 ï = 3 4 X 5 < : 9 4 @ S = S Q > 5 7 : = 9 ì > 4 N 4 > @ 4 7 4 3 < : 9 5 9 7 6 = T 5 3 4 5 ì> 4 N 4 > R 3 4 5 6 7 8 5 9 8 4 3 : 9 8 : @ 4 9 8 4 E 7 ; 4 3 4 : 6 > : 7 7 > 4 4 N : @ 4 9 8 4 = T 7 ; 43 4 > 5 7 : N 4 : < S 5 8 7 = T R = 7 ; 7 ? S 4 6 = T @ 4 7 4 3 < : 9 5 9 7 6 = 9 R 3 4 5 6 78 5 9 8 4 3 : 9 8 : @ 4 9 8 4 5 7 7 ; 4 S = S Q > 5 7 : = 9 > 4 N 4 > M î @ 4 9 7 : T ? : 9 A3 4 5 6 = 9 6 T = 3 4 > 4 N 5 7 4 @ R 3 4 5 6 7 8 5 9 8 4 3 : 9 8 : @ 4 9 8 4 B : > > 5 > > = BT = 3 @ 4 N 4 > = S < 4 9 7 5 9 @ : < S > 4 < 4 9 7 5 7 : = 9 = T 4 N : @ 4 9 8 4 ì R 5 6 4 @ E< Q > 7 : > 4 N 4 > : 9 7 4 3 N 4 9 7 : = 9 6 7 = 3 4 @ Q 8 4 A 4 = A 3 5 S ; : 8 @ : 6 S 5 3 : 7 : 4 6 Mî T S = S Q > 5 7 : = 9 ì > 4 N 4 > @ 4 7 4 3 < : 9 5 9 7 6 5 3 4 @ 3 : N : 9 A @ : 6 S 5 3 : 7 : 4 6= N 4 3 5 9 @ 5 R = N 4 : 9 @ : N : @ Q 5 > ì > 4 N 4 > @ 4 7 4 3 < : 9 5 9 7 6 E 7 ; 4 9 7 ; : 6 B : > >; 4 > S : @ 4 9 7 : T ? B ; : 8 ; 7 ? S 4 6 = T : 9 7 4 3 N 4 9 7 : = 9 6 B = Q > @ R 4 < = 6 7ô 4 T = 8 Q 6 4 @ = 9 7 ; 4 D 7 5 7 4 = T í 3 ï 5 9 6 5 6 R 4 8 5 Q 6 4 = T 7 ; 4> 5 3 A 4 A 4 = A 3 5 S ; : 8 @ : 6 S 5 3 : 7 : 4 6 5 9 @ R Q 3 @ 4 9 = T R 3 4 5 6 7 8 5 9 8 4 35 8 3 = 6 6 8 = Q 9 7 : 4 6 7 ; 5 7 4 X : 6 7 M í 3 ï 5 9 6 5 6 : 6 5 S 3 : < 5 3 : > ? 3 Q 3 5 > 6 7 5 7 4: 9 7 ; 4 õ : @ B 4 6 7 S 5 3 7 = T 7 ; 4 C 9 : 7 4 @ D 7 5 7 4 6 E B : 7 ; 5 3 4 5 6 = TA 3 4 5 7 4 3 S = S Q > 5 7 : = 9 @ 4 9 6 : 7 ? 6 Q 3 3 = Q 9 @ : 9 A : 7 6 > 5 3 A 4 3 8 : 7 : 4 6 : 97 ; 4 8 4 9 7 3 5 > E 9 = 3 7 ; B 4 6 7 E 9 = 3 7 ; 4 5 6 7 E 5 9 @ 6 = Q 7 ; B 4 6 7 5 3 4 5 6 = T7 ; 4 6 7 5 7 4 M ô ; : 7 4 9 = 9 ì U : 6 S 5 9 : 8 3 4 6 : @ 4 9 7 6 5 3 4 7 ; 4 < 5 ö = 3 : 7 ?3 5 8 : 5 > A 3 = Q S E B : 7 ; 5 R = Q 7 = 9 4 : 9 6 : X 3 4 6 : @ 4 9 7 6 R 4 : 9 A í T 3 : 8 5 9í < 4 3 : 8 5 9 M í R = Q 7 ê W S 4 3 8 4 9 7 = T í 3 ï 5 9 6 5 6 3 4 6 : @ 4 9 7 6 ; 5 N 4

8 = < S > 4 7 4 @ ; : A ; 6 8 ; = = > = 3 5 R = N 4 M î 9 F I J ð E J H S 4 3 8 4 9 7 = Tí 3 ï 5 9 6 5 6 3 4 6 : @ 4 9 7 6 > : N 4 @ R 4 > = B 7 ; 4 T 4 @ 4 3 5 > S = N 4 3 7 ? > : 9 4 K J H L Mô ; : > 4 Q 9 4 < S > = ? < 4 9 7 : 9 í 3 ï 5 9 6 5 6 : 6 7 ? S : 8 5 > > ? 6 : < : > 5 3 7 = 7 ; 5 7: 9 7 ; 4 C 9 : 7 4 @ D 7 5 7 4 6 E : 7 N 5 3 : 4 6 6 Q R 6 7 5 9 7 : 5 > > ? 5 8 3 = 6 6 í 3 ï 5 9 6 5 6B : 7 ; ; : A ; 4 3 3 5 7 4 6 : 9 7 ; 4 4 5 6 7 4 3 9 S 5 3 7 = T í 3 ï 5 9 6 5 6 M ó X 7 4 9 6 : N 43 5 8 : 5 > @ : 6 S 5 3 : 7 : 4 6 4 X : 6 7 : 9 ; 4 5 > 7 ; = Q 7 8 = < 4 6 B : 7 ; í T 3 : 8 5 9í < 4 3 : 8 5 9 6 ; 5 N : 9 A ; : A ; 4 3 3 5 7 4 6 = T @ : 5 R 4 7 4 6 E 3 : 6 ï T 5 8 7 = 3 6 T = 38 ; 3 = 9 : 8 @ : 6 4 5 6 4 6 E 5 9 @ : 9 8 : @ 4 9 8 4 5 9 @ < = 3 7 5 > : 7 ? T = > > = B : 9 A8 ; 3 = 9 : 8 @ : 6 4 5 6 4 @ : 5 A 9 = 6 : 6 8 = < S 5 3 4 @ 7 = B ; : 7 4 3 4 6 : @ 4 9 7 6K J ê ì F I L M í 8 8 = 3 @ : 9 A 7 = 8 = Q 9 7 ? ; 4 5 > 7 ; 3 5 9 ï : 9 A 6 M = 3 A E ; 4 5 > 7 ;R 4 ; 5 N : = 3 6 E 5 8 8 4 6 6 7 = ; : A ; ì ë Q 5 > : 7 ? < 4 @ : 8 5 > 8 5 3 4 E 6 = 8 : 5 > 5 9 @4 8 = 9 = < : 8 T 5 8 7 = 3 6 E 5 9 @ ; 4 5 > 7 ; = Q 7 8 = < 4 6 5 S S 4 5 3 7 = R 4 B = 3 6 4: 9 7 ; 4 4 5 6 7 4 3 9 S 5 3 7 = T í 3 ï 5 9 6 5 6 M÷ Q 3 : 9 A F I I ð ø F I J F E J J E W W H B = < 4 9 B 4 3 4 @ : 5 A 9 = 6 4 @ B : 7 ;@ Q 8 7 5 > 8 5 3 8 : 9 = < 5 : 9 ì 6 : 7 Q = 3 : 9 N 5 6 : N 4 R 3 4 5 6 7 8 5 9 8 4 3 5 8 3 = 6 6í 3 ï 5 9 6 5 6 ù ê W 8 = Q 9 7 : 4 6 M ñ ; 4 = N 4 3 5 > > 5 A 4 ì 5 @ ö Q 6 7 4 @ 3 5 7 4 B 5 6J O F M J K ú W û ç î ü J F ú M H ø J O G M H L S 4 3 J I I E I I I S = S Q > 5 7 : = 9 M ý TJ J E W W H R 3 4 5 6 7 8 5 9 8 4 3 6 E J E G F ú K J F M G û L B 4 3 4 5 < = 9 A í T 3 : 8 5 9í < 4 3 : 8 5 9 6 5 9 @ ú E ð O ê K ð W M J û L 5 < = 9 A B ; : 7 4 6 M î 9 N 5 6 : N 48 5 9 8 4 3 6 5 8 8 = Q 9 7 4 @ T = 3 ð J M ê S 4 3 8 4 9 7 = T R 3 4 5 6 7 8 5 9 8 4 3 6 M2 3 4 5 6 7 8 5 9 8 4 3 : 9 8 : @ 4 9 8 4 N 5 3 : 4 @ 5 8 3 = 6 6 8 = Q 9 7 : 4 6 5 9 @ 3 5 9 A 4 @T 3 = < ð I M ú 7 = J H J M H S 4 3 J I I E I I I S = S Q > 5 7 : = 9 K þ ÿ � � � � � L M ñ ; 49 Q < R 4 3 = T R 3 4 5 6 7 8 5 9 8 4 3 8 5 6 4 6 R ? 8 = Q 9 7 ? 3 5 9 A 4 @ T 3 = < J H7 = J E ê H F M î 9 8 : @ 4 9 8 4 5 S S 4 5 3 4 @ 7 = R 4 ; : A ; 4 3 : 9 7 ; 4 8 4 9 7 3 5 >8 = Q 9 7 : 4 6 E 5 > 7 ; = Q A ; 6 = < 4 8 = Q 9 7 : 4 6 B : 7 ; ; : A ; 3 5 7 4 6 B 4 3 4R = 3 @ 4 3 4 @ R ? 8 = Q 9 7 : 4 6 B : 7 ; > = B 3 5 7 4 6 Mô 4 Q 6 4 @ 5 9 = N 4 > < : 8 3 = ì < 5 8 3 = 6 7 5 7 : 6 7 : 8 5 > 5 S S 3 = 5 8 ; : 9S Q R > : 8 ; 4 5 > 7 ; K F J L E B ; : 8 ; 5 @ ö Q 6 7 6 5 A A 3 4 A 5 7 4 @ : 9 @ : N : @ Q 5 > ì > 4 N 4 >@ 5 7 5 7 = 5 8 8 = Q 9 7 T = 3 5 A A 3 4 A 5 7 : = 9 ì : 9 @ Q 8 4 @ R : 5 6 4 6 E 7 = : @ 4 9 7 : T ?@ 4 7 4 3 < : 9 5 9 7 6 = T 8 = Q 9 7 ? ì > 4 N 4 > R 3 4 5 6 7 8 5 9 8 4 3 : 9 8 : @ 4 9 8 4 3 5 7 4 65 7 R = 7 ; 7 ; 4 : 9 @ : N : @ Q 5 > 5 9 @ 8 = Q 9 7 ? > 4 N 4 > M
Methods� � � � 	 
 � � � � � � 
 � � 
 � � � � � � � 
 �ç = Q 9 7 ? ì > 4 N 4 > R 3 4 5 6 7 8 5 9 8 4 3 : 9 8 : @ 4 9 8 4 @ 5 7 5 T 3 = < F I I ð 7 =F I J F B 5 6 = R 7 5 : 9 4 @ T 3 = < 7 ; 4 í 3 ï 5 9 6 5 6 ç 4 9 7 3 5 > ç 5 9 8 4 3> 4 N 4 > 5 A 4 ì 5 @ ö Q 6 7 4 @ R 3 4 5 6 7 8 5 9 8 4 3 : 9 8 : @ 4 9 8 4 3 5 7 4 6 T = 3 B = < 4 9@ : 5 A 9 = 6 4 @ B : 7 ; @ Q 8 7 5 > 8 5 3 8 : 9 = < 5 ÿ � � ÿ � � = 3 : 9 N 5 6 : N 4 @ : 6 4 5 6 4@ Q 3 : 9 A F I I ð ø F I J F M ñ ; 4 í ç ç P : 6 8 4 3 7 : T : 4 @ R ? 7 ; 4 � = 3 7 ;í < 4 3 : 8 5 9 í 6 6 = 8 : 5 7 : = 9 = T ç 4 9 7 3 5 > ç 5 9 8 4 3 P 4 A : 6 7 3 : 4 6 E 5 9 @: 6 5 S = S Q > 5 7 : = 9 ì R 5 6 4 @ 3 4 A : 6 7 3 ? T : 9 5 9 8 : 5 > > ? 6 Q S S = 3 7 4 @ R ?7 ; 4 ç 4 9 7 4 3 6 T = 3 ÷ : 6 4 5 6 4 ç = 9 7 3 = > 5 9 @ V 3 4 N 4 9 7 : = 9 K ç ÷ ç L7 ; 3 = Q A ; 7 ; 4 : 3 � 5 7 : = 9 5 > V 3 = A 3 5 < = T ç 5 9 8 4 3 P 4 A : 6 7 3 : 4 6 5 9 @8 = > > 4 8 7 6 @ 5 7 5 = 9 5 > > 8 5 9 8 4 3 6 = T í 3 ï 5 9 6 5 6 3 4 6 : @ 4 9 7 6 M õ 5 9 @ 5 7 4 @3 4 S = 3 7 4 3 6 5 3 4 3 4 ë Q : 3 4 @ R ? í 3 ï 5 9 6 5 6 > 5 B K F I ì J W ì F I F L 7 =



S325Translational Cancer Research, Vol 8, Suppl 4 July 2019

� � � � � � � � � � 	 � � � 
 � � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  ! " # $ % & ' ' � ( ) * % + � + , % + + + - � � � ' * . . � / � � 	 � � 	 � � .  � � �  � + 0 . � � � � � �  ! � � 1 � � #

6 Q R < : 7 5 > > 8 5 9 8 4 3 ì 3 4 > 5 7 4 @ @ : 5 A 9 = 6 4 6 M í @ @ : 7 : = 9 5 > > ? E 7 ; 4 í ç ç P; 5 6 5 8 5 6 4 ì 6 ; 5 3 : 9 A 5 A 3 4 4 < 4 9 7 B : 7 ; J ð = 7 ; 4 3 6 7 5 7 4 6 7 = 8 5 S 7 Q 3 48 5 9 8 4 3 8 5 6 4 6 5 < = 9 A í 3 ï 5 9 6 5 6 3 4 6 : @ 4 9 7 6 B ; = < 5 ? ; 5 N 4 R 4 4 9R ? 7 ; 4 � = 3 7 ; í < 4 3 : 8 5 9 í 6 6 = 8 : 5 7 : = 9 = T ç 4 9 7 3 5 > ç 5 9 8 4 3P 4 A : 6 7 3 : 4 6 E B ; : 8 ; < 4 5 9 6 7 ; 5 7 7 ; 4 P 4 A : 6 7 3 ? B 5 6 4 6 7 : < 5 7 4 @7 = 8 5 S 7 Q 3 4 5 7 > 4 5 6 7 ú W û = T 7 ; 4 4 X S 4 8 7 4 @ 9 Q < R 4 3 = T 8 5 9 8 4 38 5 6 4 6 M� � � 
 � 
 � � � � � � � � � � � � � � 	 
 � � � � � � � 
 	 � � � � 
 � � 	î 9 @ : N : @ Q 5 > ì > 4 N 4 > 6 = 8 : = @ 4 < = A 3 5 S ; : 8 : 9 T = 3 < 5 7 : = 9 5 9 @R 3 4 5 6 7 8 5 9 8 4 3 3 : 6 ï T 5 8 7 = 3 6 B 4 3 4 = R 7 5 : 9 4 @ T 3 = < 7 ; 4 8 3 = 6 6 ì6 4 8 7 : = 9 5 > í 3 ï 5 9 6 5 6 P Q 3 5 > ç = < < Q 9 : 7 ? U 4 5 > 7 ; K í P ç U L 6 7 Q @ ?K @ 4 6 8 3 : R 4 @ : 9 < = 3 4 @ 4 7 5 : > 4 > 6 4 B ; 4 3 4 L K F F E F O L M 2 3 : 4 T > ? E 7 ; 4í P ç U 6 7 Q @ ? 3 4 8 3 Q : 7 4 @ B = < 4 9 @ Q 3 : 9 A 8 = < < Q 9 : 7 ? 4 N 4 9 7 6@ 4 6 : A 9 4 @ 7 = : 9 8 3 4 5 6 4 R 3 4 5 6 7 8 5 9 8 4 3 5 B 5 3 4 9 4 6 6 E 5 6 B 4 > > 5 69 = 9 ì 8 5 9 8 4 3 3 4 > 5 7 4 @ 8 = < < Q 9 : 7 ? 4 N 4 9 7 6 M í T 7 4 3 S 3 = N : @ : 9 AB 3 : 7 7 4 9 8 = 9 6 4 9 7 E B = < 4 9 8 = < S > 4 7 4 @ 5 ë Q 4 6 7 : = 9 9 5 : 3 4 5 R = Q 7R 3 4 5 6 7 8 5 9 8 4 3 3 : 6 ï T 5 8 7 = 3 6 Q 6 : 9 A N 5 > : @ 5 7 4 @ : 9 6 7 3 Q < 4 9 7 6 K F F L Mô 4 > : < : 7 4 @ 7 ; 4 6 7 Q @ ? S 5 3 7 : 8 : S 5 9 7 6 T = 3 7 ; : 6 5 9 5 > ? 6 : 6 7 = 7 ; = 6 4B ; = B 4 3 4 R 4 7 B 4 4 9 7 ; 4 5 A 4 6 = T O W 5 9 @ ð W 5 7 7 ; 4 7 : < 4 = T4 9 3 = > > < 4 9 7 E B 4 3 4 B ; : 7 4 = 3 í T 3 : 8 5 9 í < 4 3 : 8 5 9 E @ : @ 9 = 7 ; 5 N 4 5S 3 : = 3 @ : 5 A 9 = 6 : 6 = T R 3 4 5 6 7 8 5 9 8 4 3 E B 4 3 4 4 9 3 = > > 4 @ : 9 7 ; 4 6 7 Q @ ?R 4 7 B 4 4 9 D 4 S 7 4 < R 4 3 F I I ê 5 9 @ ÷ 4 8 4 < R 4 3 F I J F E 5 9 @ 3 4 6 : @ 4 @: 9 í 3 ï 5 9 6 5 6 5 7 7 ; 4 7 : < 4 = T 4 9 3 = > > < 4 9 7 M ñ ; 4 6 4 > T ì 3 4 S = 3 7 4 @3 4 6 : @ 4 9 7 : 5 > 6 7 3 4 4 7 5 @ @ 3 4 6 6 = T 4 5 8 ; 6 7 Q @ ? S 5 3 7 : 8 : S 5 9 7 B 5 6A 4 = 8 = @ 4 @ Q 6 : 9 A í 3 8 � î D N 4 3 6 : = 9 J I M F M F 7 = = R 7 5 : 9 7 ; 4 8 = Q 9 7 ?= T 3 4 6 : @ 4 9 8 4 T = 3 > : 9 ï : 9 A B : 7 ; 7 ; 4 8 = 3 3 4 6 S = 9 @ : 9 A 8 = Q 9 7 ? ì> 4 N 4 > < 4 5 6 Q 3 4 < 4 9 7 6 M V 3 4 @ : 8 7 4 @ R 3 4 5 6 7 8 5 9 8 4 3 3 : 6 ï 6 B 4 3 4

4 6 7 : < 5 7 4 @ Q 6 : 9 A 7 ; 4 � 5 : > < = @ 4 > K F G L T = 3 B ; : 7 4 B = < 4 9 5 9 @7 ; 4 ô = < 4 9 ù 6 ç = 9 7 3 5 8 4 S 7 : N 4 5 9 @ P 4 S 3 = @ Q 8 7 : N 4 ó X S 4 3 : 4 9 8 4 66 7 Q @ ? K ç í P ó L < = @ 4 > T = 3 í T 3 : 8 5 9 í < 4 3 : 8 5 9 B = < 4 9 K F W L Mñ ; 4 � 5 : > < = @ 4 > Q 6 4 6 5 B = < 5 9 ù 6 S 4 3 6 = 9 5 > < 4 @ : 8 5 > 5 9 @3 4 S 3 = @ Q 8 7 : N 4 ; : 6 7 = 3 ? 5 9 @ 7 ; 4 ; : 6 7 = 3 ? = T R 3 4 5 6 7 8 5 9 8 4 3 5 < = 9 A4 6 7 : < 5 7 4 5 R 6 = > Q 7 4 R 3 4 5 6 7 8 5 9 8 4 3 3 : 6 ï M ñ ; 4 ç í P ó < = @ 4 > Q 6 4 65 A 4 5 7 < 4 9 5 3 8 ; 4 E 9 Q < R 4 3 = T 5 T T 4 8 7 4 @ < = 7 ; 4 3 = 3 6 : 6 7 4 3 6 E 5 9 @9 Q < R 4 3 = T S 3 4 N : = Q 6 R 4 9 : A 9 R : = S 6 ? 4 X 5 < : 9 5 7 : = 9 6 7 = 4 6 7 : < 5 7 43 : 6 ï M 2 4 8 5 Q 6 4 7 ; 4 9 Q < R 4 3 = T R : = S 6 : 4 6 8 = > > 4 8 7 4 @ S 4 3 B = < 5 9B 5 6 9 = 7 < 4 5 6 Q 3 4 @ E B = < 4 9 B ; = 3 4 S = 3 7 4 @ ; 5 N : 9 A 5 R : = S 6 ?B 4 3 4 8 = 9 6 : @ 4 3 4 @ 5 6 ; 5 N : 9 A ; 5 @ = 9 4 R : = S 6 ? T = 3 7 ; 4 S Q 3 S = 6 4 = T3 : 6 ï S 3 4 @ : 8 7 : = 9 M � : ï 4 B : 6 4 E 7 ; 4 ë Q 4 6 7 : = 9 9 5 : 3 4 @ : @ 9 = 7 8 = > > 4 8 7@ 5 7 5 = 9 5 7 ? S : 8 5 > ; ? S 4 3 S > 5 6 : 5 E 6 = 7 ; : 6 B 5 6 6 4 7 7 = < : 6 6 : 9 A T = 35 > > B = < 4 9 M � : N 4 ì ? 4 5 3 5 9 @ > : T 4 7 : < 4 R 3 4 5 6 7 8 5 9 8 4 3 3 : 6 ï B 4 3 44 6 7 : < 5 7 4 @ Q 6 : 9 A 7 ; 4 D í D < 5 8 3 = S 3 = A 3 5 < 6 = R 7 5 : 9 4 @ T 3 = < 7 ; 4� 5 7 : = 9 5 > ç 5 9 8 4 3 î 9 6 7 : 7 Q 7 4 T = 3 7 ; 4 � 5 : > < = @ 4 > K F H L 5 9 @ T = 37 ; 4 ç í P ó < = @ 4 > K F ê L MD 4 > T ì 3 4 S = 3 7 4 @ ; 4 : A ; 7 5 9 @ B 4 : A ; 7 B 4 3 4 Q 6 4 @ 7 = 8 5 > 8 Q > 5 7 4R = @ ? < 5 6 6 : 9 @ 4 X K 2 õ î L R = 7 ; 5 7 7 ; 4 7 : < 4 = T 8 = < S > 4 7 : = 9 = T7 ; 4 6 Q 3 N 4 ? 5 9 @ 5 7 5 A 4 J ð M í > 8 = ; = > 8 = 9 6 Q < S 7 : = 9 : 9 A 3 5 < 6S 4 3 @ 5 ? B 5 6 8 5 > 8 Q > 5 7 4 @ 5 6 7 ; 4 6 Q < = T 7 ; 4 @ 5 : > ? 9 Q < R 4 3 = T@ 3 : 9 ï 6 < Q > 7 : S > : 4 @ R ? 7 ; 4 5 N 4 3 5 A 4 5 > 8 = ; = > 8 = 9 7 4 9 7 S 4 3 7 ? S 4= T 5 > 8 = ; = > : 8 R 4 N 4 3 5 A 4 K J O A = T 5 > 8 = ; = > S 4 3 6 4 3 N : 9 A L M ÷ 5 : > ?5 > 8 = ; = > Q 6 4 B 5 6 8 5 7 4 A = 3 : é 4 @ 5 6 � J I = 3 J I A ò @ 5 ? R 5 6 4 @ = 9: 7 6 5 6 6 = 8 : 5 7 : = 9 B : 7 ; R 3 4 5 6 7 8 5 9 8 4 3 3 : 6 ï : 9 B = < 4 9 5 A 4 @ G I = 3= > @ 4 3 K F ð L M 2 3 4 5 6 7 T 4 4 @ : 9 A B 5 6 < 4 5 6 Q 3 4 @ 5 6 7 ; 4 @ Q 3 5 7 : = 9 K : T5 9 ? L = T R 3 4 5 6 7 T 4 4 @ : 9 A K F F L M V ; ? 6 : 8 5 > 5 8 7 : N : 7 ? B 5 6 8 5 7 4 A = 3 : é 4 @= 9 ç ÷ ç A Q : @ 4 > : 9 4 6 = T O I < : 9 Q 7 4 6 = T < = @ 4 3 5 7 4 S ; ? 6 : 8 5 >

Arkansas rate: 107.9 per 100,000

70.7–90.0

90.1–101.9

102.0–112.8

112.9–135.1

Missing ! " # $ % & Ë » ² ¸ ´ º ® Ã ­ ¹ ­ Ã ¯ ¬ ­ ® ¯ ° ± ² ³ ´ ­ ° µ ¶ ­ ¯ ³ ´ · ¯ ¸ · ­ ¶ ½ ¸ · ½ ° ­ ¸ · ­ Ì Æ ­ ¶ Ï Õ Õ Á Õ Õ Õ Í ½ ¸ « ¶ É ¯ ¸ ³ ¯ ³ Á ' Õ Õ Ô ( ' Õ Ï ' ¿



S326 Schootman et al. Determinants of high breast cancer incidence rates

� � � � � � � � � � 	 � � � 
 � � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  ! " # $ % & ' ' � ( ) * % + � + , % + + + - � � � ' * . . � / � � 	 � � 	 � � .  � � �  � + 0 . � � � � � �  ! � � 1 � � #

5 8 7 : N : 7 ? W = 3 < = 3 4 @ 5 ? 6 S 4 3 B 4 4 ï = 3 N : A = 3 = Q 6 S ; ? 6 : 8 5 > 5 8 7 : N : 7 ?T = 3 F I < : 9 Q 7 4 6 O = 3 < = 3 4 @ 5 ? 6 S 4 3 B 4 4 ï L K F ú L M) � � � 
 * � � � � � � � � � � 	 
 � � � � � � � � 
 � � + 
 � � � 
 	ç = Q 9 7 ? ì > 4 N 4 > @ 4 7 4 3 < : 9 5 9 7 6 B 4 3 4 = R 7 5 : 9 4 @ T 3 = < < Q > 7 : S > 4@ 5 7 5 6 = Q 3 8 4 6 K 4 M A M E 2 4 ; 5 N : = 3 5 > P : 6 ï � 5 8 7 = 3 D Q 3 N 4 : > > 5 9 8 4D ? 6 7 4 < E í 3 4 5 P 4 6 = Q 3 8 4 � : > 4 E í < 4 3 : 8 5 9 ç = < < Q 9 : 7 ?D Q 3 N 4 ? L M ô 4 Q 6 4 @ 7 ; 4 ç = Q 9 7 ? U 4 5 > 7 ; P 5 9 ï : 9 A 6 < = @ 4 >7 = 8 > 5 6 6 : T ? 7 ; 4 8 = Q 9 7 ? ì > 4 N 4 > @ 4 7 4 3 < : 9 5 9 7 6 : 9 7 = T = Q 3R 3 = 5 @ 4 X S = 6 Q 3 4 8 5 7 4 A = 3 : 4 6 K U 4 5 > 7 ; 2 4 ; 5 N : = 3 6 E ç > : 9 : 8 5 >ç 5 3 4 E D = 8 : 5 > 5 9 @ ó 8 = 9 = < : 8 ó 9 N : 3 = 9 < 4 9 7 E 5 9 @ V ; ? 6 : 8 5 >ó 9 N : 3 = 9 < 4 9 7 L K O I L M ñ ; 4 ç = Q 9 7 ? U 4 5 > 7 ; P 5 9 ï : 9 A 6 < = @ 4 >B 5 6 5 Q A < 4 9 7 4 @ R ? 5 @ @ : 9 A 5 V = S Q > 5 7 : = 9 U 4 5 > 7 ; D 7 5 7 Q 68 5 7 4 A = 3 ? K O J L M 2 4 8 5 Q 6 4 8 = Q 9 7 ? @ 5 7 5 T 3 = < 7 ; 4 í 3 ï 5 9 6 5 62 4 ; 5 N : = 3 5 > P : 6 ï � 5 8 7 = 3 D Q 3 N 4 : > > 5 9 8 4 D ? 6 7 4 < K 2 P � D D L? : 4 > @ 6 3 4 > : 5 R > 4 @ 5 7 5 T = 3 = 9 > ? = 9 4 8 = Q 9 7 ? K V Q > 5 6 ï : L E 7 ; 4í 3 ï 5 9 6 5 6 ÷ 4 S 5 3 7 < 4 9 7 = T U 4 5 > 7 ; ; 5 6 4 6 7 : < 5 7 4 @ 8 = Q 9 7 ? ì> 4 N 4 > S 3 4 N 5 > 4 9 8 4 Q 6 : 9 A 6 Q 3 N 4 ? @ 5 7 5 T 3 = < 5 @ ö 5 8 4 9 7 8 = Q 9 7 : 4 6B : 7 ; 6 Q R 6 4 ë Q 4 9 7 5 @ ö Q 6 7 < 4 9 7 7 = 7 ; 4 5 A 4 E 3 5 8 4 E 5 9 @ A 4 9 @ 4 3@ : 6 7 3 : R Q 7 : = 9 = T 7 ; 4 8 = Q 9 7 ? K O F L MU 4 5 > 7 ; R 4 ; 5 N : = 3 @ 4 7 4 3 < : 9 5 9 7 6 8 = 9 6 : 6 7 4 @ = T ü K î L R 3 4 5 6 78 5 9 8 4 3 6 8 3 4 4 9 : 9 A S 3 4 N 5 > 4 9 8 4 K S 4 3 8 4 9 7 5 A 4 = T B = < 4 9 5 A 4 @G I B ; = 3 4 S = 3 7 4 @ 9 = 7 ; 5 N : 9 A ; 5 @ 5 < 5 < < = A 3 5 < @ Q 3 : 9 A 7 ; 4S 5 6 7 F ? 4 5 3 6 L è 5 9 @ K î î L S 3 4 N 5 > 4 9 8 4 = T 7 ; 4 S = S Q > 5 7 : = 9 < 4 4 7 : 9 A7 ; 4 ç ÷ ç ù 6 S ; ? 6 : 8 5 > 5 8 7 : N : 7 ? A Q : @ 4 > : 9 4 6 Mç > : 9 : 8 5 > 8 5 3 4 @ 4 7 4 3 < : 9 5 9 7 6 8 = 9 6 : 6 7 4 @ = T 5 8 8 4 6 6 7 = 5 9 @ë Q 5 > : 7 ? = T < 4 @ : 8 5 > 8 5 3 4 E B ; : 8 ; : 9 8 > Q @ 4 @ ü K î L 7 ; 4 S = S Q > 5 7 : = 9S 4 3 S 3 : < 5 3 ? 8 5 3 4 S ; ? 6 : 8 : 5 9 è K î î L 7 ; 4 ; = 6 S : 7 5 > : é 5 7 : = 9 3 5 7 4T = 3 5 < R Q > 5 7 = 3 ? ì 8 5 3 4 6 4 9 6 : 7 : N 4 8 = 9 @ : 7 : = 9 6 K S 3 4 N 4 9 7 5 R > 4; = 6 S : 7 5 > : é 5 7 : = 9 6 L è 5 9 @ K î î î L 7 ; 4 S = S Q > 5 7 : = 9 5 A 4 @ � H W B : 7 ; = Q 7; 4 5 > 7 ; : 9 6 Q 3 5 9 8 4 K Q 9 : 9 6 Q 3 4 @ 3 5 7 4 L MD = 8 : 5 > 5 9 @ 4 8 = 9 = < : 8 @ 4 7 4 3 < : 9 5 9 7 6 8 = 9 6 : 6 7 4 @ = T ü K î L7 ; 4 ñ ; 4 : > : 9 @ 4 X = T 3 5 8 : 5 > 6 4 A 3 4 A 5 7 : = 9 K O O L è K î î L S = N 4 3 7 ?3 5 7 4 K S 4 3 8 4 9 7 5 A 4 = T 7 ; 4 S = S Q > 5 7 : = 9 R 4 > = B 7 ; 4 T 4 @ 4 3 5 >S = N 4 3 7 ? > : 9 4 L è K î î î L S 4 3 8 4 9 7 5 A 4 = T 5 @ Q > 7 6 B : 7 ; = Q 7 6 = 8 : 5 > ò4 < = 7 : = 9 5 > 6 Q S S = 3 7 è K î , L 7 ; 4 N : = > 4 9 7 8 3 : < 4 3 5 7 4 K S 4 3 J I I E I I IS = S Q > 5 7 : = 9 L è 5 9 @ K , L 7 ; 4 ; : A ; 6 8 ; = = > A 3 5 @ Q 5 7 : = 9 3 5 7 4 M ô 4= R 7 5 : 9 4 @ 7 ; 4 ñ ; 4 : > : 9 @ 4 X 7 = 4 6 7 : < 5 7 4 3 5 8 : 5 > : 9 4 ë Q 5 > : 7 ? T 3 = <ç = < < Q 9 : 7 ? ç = < < = 9 6 M = 3 A E B ; : 8 ; < 4 5 6 Q 3 4 6 7 ; 4 - 4 N 4 9 9 4 6 6 -= T 5 > > 3 5 8 4 6 5 8 3 = 6 6 5 8 = Q 9 7 ? R 5 6 4 @ = 9 7 ; 4 3 5 8 : 5 > 8 = < S = 6 : 7 : = 9= T 7 ; 4 S = S Q > 5 7 : = 9 5 7 8 4 9 6 Q 6 R > = 8 ï 6 M � = 3 5 9 ? A : N 4 9 8 = Q 9 7 ? E7 ; 4 : 9 @ 4 X < 4 5 6 Q 3 4 6 7 ; 4 5 N 4 3 5 A 4 @ : T T 4 3 4 9 8 4 R 4 7 B 4 4 9 4 5 8 ;8 4 9 6 Q 6 R > = 8 ï ù 6 3 5 8 : 5 > @ : 6 7 3 : R Q 7 : = 9 K 4 9 7 3 = S ? L E 5 9 @ 7 ; 4 3 5 8 : 5 >@ : 6 7 3 : R Q 7 : = 9 K 4 9 7 3 = S ? L = T 7 ; 4 8 = Q 9 7 ? 5 6 5 B ; = > 4 M , 5 > Q 4 63 5 9 A 4 T 3 = < I 7 = J M í 3 4 5 6 B : 7 ; ; : A ; 4 3 N 5 > Q 4 6 ; 5 N 4 > 4 6 6Q 9 : T = 3 < 3 5 8 : 5 > @ : 6 7 3 : R Q 7 : = 9 6 5 9 @ 5 3 4 5 6 B : 7 ; > = B 4 3 N 5 > Q 4 6; 5 N 4 < = 3 4 Q 9 : T = 3 < 4 7 ; 9 : 8 @ : 6 7 3 : R Q 7 : = 9 6 M ñ ; 4 S = S Q > 5 7 : = 9

A 3 = Q S 6 Q 6 4 @ : 9 7 ; 4 < 4 5 6 Q 3 4 < 4 9 7 B 4 3 4 9 = 9 ì U : 6 S 5 9 : 8 ô ; : 7 4 E9 = 9 ì U : 6 S 5 9 : 8 2 > 5 8 ï E 9 = 9 ì U : 6 S 5 9 : 8 í 6 : 5 9 E 9 = 9 ì U : 6 S 5 9 : 8í < 4 3 : 8 5 9 î 9 @ : 5 9 ò í > 5 6 ï 5 � 5 7 : N 4 E 9 = 9 ì U : 6 S 5 9 : 8 � 5 7 : N 4V ; ? 6 : 8 5 > 4 9 N : 3 = 9 < 4 9 7 @ 4 7 4 3 < : 9 5 9 7 6 8 = 9 6 : 6 7 4 @ = T ü K î L> 4 5 @ 4 < : 6 6 : = 9 6 5 9 @ K î î L S = S Q > 5 7 : = 9 @ 4 9 6 : 7 ? S 4 3 6 ë Q 5 3 4 < : > 4 Mç = Q 9 7 ? ì > 4 N 4 > 4 6 7 : < 5 7 4 6 = T > 4 5 @ 4 < : 6 6 : = 9 6 B 4 3 4 = R 7 5 : 9 4 @T 3 = < 7 ; 4 ó 9 N : 3 = 9 < 4 9 7 5 > V 3 = 7 4 8 7 : = 9 í A 4 9 8 ? ù 6 ñ = X : 8 P 4 > 4 5 6 4î 9 N 4 9 7 = 3 ? @ 5 7 5 7 ; 5 7 8 = 9 7 5 : 9 6 T 5 8 : > : 7 ? > = 8 5 7 : = 9 5 9 @ = 9 6 : 7 4 > 4 5 @3 4 > 4 5 6 4 K : 9 S = Q 9 @ 6 L M � 4 5 @ ; 5 6 R 4 4 9 6 ; = B 9 7 = : 9 8 3 4 5 6 4 R 3 4 5 6 78 5 9 8 4 3 3 : 6 ï K O G ì O H L M ñ ; 4 ñ = X : 8 P 4 > 4 5 6 4 î 9 N 4 9 7 = 3 ? : 6 S Q R > : 8 > ?5 N 5 : > 5 R > 4 @ 5 7 5 7 ; 5 7 8 = 9 7 5 : 9 6 @ 4 7 5 : > 4 @ : 9 T = 3 < 5 7 : = 9 = 9 6 4 > 4 8 7 4 @8 ; 4 < : 8 5 > 3 4 > 4 5 6 4 6 5 9 @ B 5 6 7 4 < 5 9 5 A 4 < 4 9 7 5 8 7 : N : 7 : 4 6 3 4 S = 3 7 4 @5 9 9 Q 5 > > ? K O ê L MV = S Q > 5 7 : = 9 U 4 5 > 7 ; D 7 5 7 Q 6 8 = < S 3 : 6 4 @ ü K î L @ : 5 R 4 7 4 6S 3 4 N 5 > 4 9 8 4 K S 4 3 8 4 9 7 5 A 4 = T 7 ; 4 S = S Q > 5 7 : = 9 B ; = 3 4 S = 3 7 4 @; 5 N : 9 A R 4 4 9 @ : 5 A 9 = 6 4 @ B : 7 ; @ : 5 R 4 7 4 6 E 4 X 8 > Q @ : 9 A A 4 6 7 5 7 : = 9 5 >@ : 5 R 4 7 4 6 L è K î î L : 9 T 5 9 7 < = 3 7 5 > : 7 ? 3 5 7 4 è 5 9 @ K î î î L S 3 4 N 5 > 4 9 8 4 = TT 5 : 3 = 3 S = = 3 ; 4 5 > 7 ; 6 7 5 7 Q 6 M î 9 T 5 9 7 < = 3 7 5 > : 7 ? B 5 6 R 5 6 4 @ = 9 7 ; 49 Q < R 4 3 = T : 9 T 5 9 7 @ 4 5 7 ; 6 � J ? 4 5 3 = > @ S 4 3 J E I I I > : N 4 R : 3 7 ; 6= R 7 5 : 9 4 @ T 3 = < 7 ; 4 í 3 4 5 U 4 5 > 7 ; P 4 6 = Q 3 8 4 � : > 4 M ÷ : 5 R 4 7 4 6 5 9 @: 9 T 5 9 7 < = 3 7 5 > : 7 ? 5 3 4 = T 7 4 9 Q 6 4 @ 5 6 5 9 : 9 @ : 8 5 7 = 3 = T 7 ; 4 > 4 N 4 >= T ; 4 5 > 7 ; : 9 5 8 = Q 9 7 ? K O ð E O ú L M ñ ; 4 í 3 4 5 U 4 5 > 7 ; P 4 6 = Q 3 8 4T : > 4 6 Q S S 3 4 6 6 4 6 @ 5 7 5 T = 3 8 = Q 9 7 : 4 6 B : 7 ; � J I : 9 T 5 9 7 @ 4 5 7 ; 6R 4 7 B 4 4 9 F I I ð 5 9 @ F I J F E 7 ; 4 3 4 T = 3 4 B 4 8 = < S 5 3 4 @ 7 ; 4 6 4 @ 5 7 5B : 7 ; 7 ; 4 F I I H 7 = F I J I : 9 T 5 9 7 < = 3 7 5 > : 7 ? 3 5 7 4 4 6 7 : < 5 7 4 6 T 3 = <6 Q S S 3 4 6 6 4 @ M ô 4 T = Q 9 @ 5 8 = 3 3 4 > 5 7 : = 9 = T I M ú G 6 Q A A 4 6 7 : 9 A 7 ; 5 7: 9 T 5 9 7 < = 3 7 5 > : 7 ? 3 5 7 4 6 T = 3 8 = Q 9 7 : 4 6 B : 7 ; J I : 9 T 5 9 7 @ 4 5 7 ; 6@ Q 3 : 9 A F I I ð ì F I J F B 4 3 4 6 7 5 R > 4 M. 
 � 
 
 	 
 
 � � � � � � � * 	 
 	÷ 5 7 5 T = 3 8 = Q 9 7 ? ì > 4 N 4 > < 4 5 9 > 4 5 @ 4 X S = 6 Q 3 4 B 4 3 4 < : 6 6 : 9 AT = 3 F H = T 7 ; 4 ê W 8 = Q 9 7 : 4 6 M õ : 6 6 : 9 A N 5 > Q 4 6 B 4 3 4 : < S Q 7 4 @ R ?3 4 A 3 4 6 6 : 9 A 7 ; 4 > = A < 4 5 9 > 4 5 @ < 4 5 6 Q 3 4 < 4 9 7 = 9 5 > > = 7 ; 4 38 = Q 9 7 ? ì > 4 N 4 > S 3 4 @ : 8 7 = 3 6 M ñ ; 4 5 9 7 : > = A = T 7 ; 4 T : 7 7 4 @ N 5 > Q 4 6T 3 = < 7 ; 4 3 4 A 3 4 6 6 : = 9 B 5 6 7 ; 4 9 : < S Q 7 4 @ T = 3 7 ; 4 F H 8 = Q 9 7 : 4 6B : 7 ; < : 6 6 : 9 A > 4 5 @ < 4 5 6 Q 3 4 < 4 9 7 6 Mô 4 4 X 5 < : 9 4 @ 7 ; 4 Q 9 : N 5 3 : 5 7 4 5 6 6 = 8 : 5 7 : = 9 = T 4 5 8 ;: 9 @ : N : @ Q 5 > ì > 4 N 4 > 5 9 @ 8 = Q 9 7 ? ì > 4 N 4 > @ 4 7 4 3 < : 9 5 9 7 B : 7 ; R 3 4 5 6 78 5 9 8 4 3 : 9 8 : @ 4 9 8 4 M � = 9 > : 9 4 5 3 T Q 9 8 7 : = 9 6 = T 7 ; 4 S 3 4 @ : 8 7 = 3 6B 4 3 4 4 X 5 < : 9 4 @ R ? N : 6 Q 5 > > ? : 9 N 4 6 7 : A 5 7 : 9 A 6 8 5 7 7 4 3 S > = 7 6 5 9 @: 9 8 > Q @ : 9 A > = A 5 3 : 7 ; < : 8 7 3 5 9 6 T = 3 < 5 7 : = 9 6 : 9 7 ; 4 Q 9 : N 5 3 : 5 7 4< = @ 4 > 6 M � 4 X 7 E B 4 : 9 N 4 6 7 : A 5 7 4 @ < Q > 7 : N 5 3 : 5 R > 4 > : 9 4 5 3 < = @ 4 > 6T = 3 8 = Q 9 7 ? ì > 4 N 4 > 5 A 4 ì 5 @ ö Q 6 7 4 @ R 3 4 5 6 7 8 5 9 8 4 3 : 9 8 : @ 4 9 8 43 5 7 4 6 : 9 8 > Q @ : 9 A ü K î L 5 > > 8 = Q 9 7 ? ì > 4 N 4 > S 3 4 @ : 8 7 = 3 6 è K î î L 5 > >: 9 @ : N : @ Q 5 > ì > 4 N 4 > S 3 4 @ : 8 7 = 3 6 è 5 9 @ K î î î L 5 > > 8 = Q 9 7 ? ì > 4 N 4 >



S327Translational Cancer Research, Vol 8, Suppl 4 July 2019

� � � � � � � � � � 	 � � � 
 � � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  ! " # $ % & ' ' � ( ) * % + � + , % + + + - � � � ' * . . � / � � 	 � � 	 � � .  � � �  � + 0 . � � � � � �  ! � � 1 � � #

5 9 @ : 9 @ : N : @ Q 5 > ì > 4 N 4 > S 3 4 @ : 8 7 = 3 6 M � = 3 < = @ 4 > 6 : 9 8 > Q @ : 9 A: 9 @ : N : @ Q 5 > ì > 4 N 4 > S 3 4 @ : 8 7 = 3 6 E B 4 5 A A 3 4 A 5 7 4 @ : 9 @ : N : @ Q 5 >@ 5 7 5 7 = 7 ; 4 8 = Q 9 7 ? > 4 N 4 > Q 6 : 9 A 5 < : 8 3 = ì < 5 8 3 = < = @ 4 > 7 =5 @ ö Q 6 7 T = 3 R : 5 6 @ Q 4 7 = A 3 = Q S ì > 4 N 4 > 5 A A 3 4 A 5 7 : = 9 K F J L M ñ ; 4< : 8 3 = ì < 5 8 3 = < = @ 4 > ; 5 6 R 4 4 9 5 S S > : 4 @ 7 = T : 4 > @ 6 6 Q 8 ; 5 64 @ Q 8 5 7 : = 9 5 9 @ = 3 A 5 9 : é 5 7 : = 9 5 > S 6 ? 8 ; = > = A ? 5 9 @ < 5 9 5 A 4 < 4 9 7K G I ì G W L E R Q 7 7 = = Q 3 ï 9 = B > 4 @ A 4 ; 5 6 9 = 7 ? 4 7 R 4 4 9: < S > 4 < 4 9 7 4 @ : 9 S Q R > : 8 ; 4 5 > 7 ; 3 4 6 4 5 3 8 ; M ý 3 @ : 9 5 3 ? > 4 5 6 76 ë Q 5 3 4 6 K ý � D L 3 4 A 3 4 6 6 : = 9 Q 6 : 9 A 5 A A 3 4 A 5 7 4 @ : 9 @ : N : @ Q 5 >@ 5 7 5 7 = S 3 4 @ : 8 7 5 A 3 = Q S ì > 4 N 4 > = Q 7 8 = < 4 B : > > 3 4 6 Q > 7 : 9 R : 5 6 4 @4 6 7 : < 5 7 4 6 = T 3 4 A 3 4 6 6 : = 9 8 = 4 T T : 8 : 4 9 7 6 E 5 S ; 4 9 = < 4 9 = 96 = < 4 7 : < 4 6 8 5 > > 4 @ 7 ; 4 5 7 = < : 6 7 : 8 T 5 > > 5 8 ? M ñ ; 4 < : 8 3 = ì < 5 8 3 =< = @ 4 > 5 @ ö Q 6 7 6 7 ; 4 A 3 = Q S ì 5 A A 3 4 A 5 7 4 @ 5 N 4 3 5 A 4 7 = S 3 = N : @ 45 9 Q 9 R : 5 6 4 @ 4 6 7 : < 5 7 4 = T 7 ; 4 3 4 > 5 7 : = 9 6 ; : S R 4 7 B 4 4 9 7 ; 45 A A 3 4 A 5 7 4 @ S 3 4 @ : 8 7 = 3 5 9 @ 7 ; 4 = Q 7 8 = < 4 M ñ ; 4 5 @ ö Q 6 7 < 4 9 78 = < 4 6 T 3 = < 5 > : 9 4 5 3 8 = < R : 9 5 7 : = 9 = T ü K î L 7 ; 4 A 3 = Q S ì5 A A 3 4 A 5 7 4 @ 5 N 4 3 5 A 4 è K î î L 7 ; 4 T Q > > 6 5 < S > 4 < 4 5 9 = T 7 ; 4: 9 @ : N : @ Q 5 > ì > 4 N 4 > N 5 > Q 4 6 è 5 9 @ K î î î L 7 ; 4 @ 4 N : 5 7 : = 9 T 3 = <7 ; 4 = N 4 3 5 > > 5 N 4 3 5 A 4 = T : 9 8 > Q @ 4 @ A 3 = Q S ì > 4 N 4 > S 3 4 @ : 8 7 = 3 6 Mñ ; 4 < = @ 4 > 5 > 6 = 5 @ ö Q 6 7 6 6 7 5 9 @ 5 3 @ 4 3 3 = 3 6 7 = 5 8 8 = Q 9 7 T = 3: < S 3 4 8 : 6 : = 9 : 9 7 ; 4 9 4 B > ? 8 3 4 5 7 4 @ S 3 4 @ : 8 7 = 3 M ô 4 5 > 6 =4 X 5 < : 9 4 @ : 9 7 4 3 5 8 7 : = 9 6 R 4 7 B 4 4 9 W ì ? 4 5 3 S 3 4 @ : 8 7 4 @ R 3 4 5 6 78 5 9 8 4 3 3 : 6 ï 5 9 @ 4 5 8 ; = T 7 ; 4 8 = Q 9 7 ? ì > 4 N 4 > @ 4 7 4 3 < : 9 5 9 7 6 E; ? S = 7 ; 4 6 : é : 9 A 7 ; 5 7 ; : A ; 4 3 R 3 4 5 6 7 8 5 9 8 4 3 : 9 8 : @ 4 9 8 4 3 5 7 4 6B 4 3 4 @ Q 4 7 = 7 ; 4 6 ? 9 4 3 A : 6 7 : 8 4 T T 4 8 7 6 = T : 9 @ : N : @ Q 5 > ì 5 9 @8 = Q 9 7 ? ì > 4 N 4 > @ 4 7 4 3 < : 9 5 9 7 6 Mô 4 Q 6 4 @ 5 R 5 8 ï B 5 3 @ 6 7 4 S B : 6 4 6 4 > 4 8 7 : = 9 B : 7 ; 2 î ç 8 3 : 7 4 3 : 58 5 9 8 4 3 : 9 8 : @ 4 9 8 4 R 5 6 4 @ = 9 : 9 @ : N : @ Q 5 > ì 5 9 @ 8 = Q 9 7 ? ì > 4 N 4 >@ 4 7 4 3 < : 9 5 9 7 6 E B : 7 ; > = B 4 3 2 î ç N 5 > Q 4 6 : 9 @ : 8 5 7 : 9 A R 4 7 7 4 3< = @ 4 > T : 7 M 2 4 A : 9 9 : 9 A B : 7 ; 7 ; 4 T Q > > < = @ 4 > : 9 8 > Q @ : 9 A 5 > >: 9 @ : N : @ Q 5 > ì 5 9 @ A 3 = Q S ì > 4 N 4 > S 3 4 @ : 8 7 = 3 6 E S 3 4 @ : 8 7 = 3 N 5 3 : 5 R > 4 6B 4 3 4 3 4 < = N 4 @ Q 9 7 : > 7 ; 4 < = @ 4 > B : 7 ; > = B 4 6 7 2 î ç B 5 63 4 5 8 ; 4 @ K : M 4 M E 3 4 < = N : 9 A 5 9 ? N 5 3 : 5 R > 4 T 3 = < 7 ; 4 < = @ 4 > B = Q > @: 9 8 3 4 5 6 4 2 î ç L M D : 9 8 4 7 ; 4 2 î ç 8 3 : 7 4 3 : 5 5 3 4 5 @ : 3 4 8 7 9 Q < 4 3 : 8 5 >8 = < S 5 3 : 6 = 9 B : 7 ; = Q 7 5 T = 3 < 5 > ; ? S = 7 ; 4 6 : 6 7 4 6 7 E : 7 : 6 S = 6 6 : R > 4T = 3 7 ; 4 R 4 6 7 T : 7 < = @ 4 > 7 = 8 = 9 7 5 : 9 S 3 4 @ : 8 7 = 3 6 B : 7 ; 9 = 9 ìñ ; 4 6 7 5 R : > : 7 ? = T = Q 3 3 4 6 Q > 7 6 < 5 ? R 4 5 T T 4 8 7 4 @ R ? 7 ; 46 7 5 9 @ 5 3 @ 4 3 3 = 3 = T 7 ; 4 8 = Q 9 7 ? R 3 4 5 6 7 8 5 9 8 4 3 3 5 7 4 6 M ô 44 X 5 < : 9 4 @ 7 ; 4 3 = R Q 6 7 9 4 6 6 = T = Q 3 T : 9 @ : 9 A 6 R ? S 4 3 T = 3 < : 9 A 56 4 9 6 : 7 : N : 7 ? 5 9 5 > ? 6 : 6 3 4 A 3 4 6 6 : 9 A 7 ; 4 Q S S 4 3 5 9 @ > = B 4 3 R = Q 9 @ 65 9 @ 8 5 > 8 Q > 5 7 4 @ õ = 3 5 9 / 6 î K R = 7 ; 5 9 4 < S : 3 : 8 5 > < 4 7 ; = @ 5 9 @ 52 5 ? 4 6 : 5 9 < 4 7 ; = @ L 7 = @ 4 7 4 3 < : 9 4 7 ; 4 9 4 4 @ T = 3 5 6 S 5 7 : 5 > < = @ 4 > Mí 9 5 > ? 6 4 6 B 4 3 4 S 4 3 T = 3 < 4 @ Q 6 : 9 A P K N 4 3 6 : = 9 O M O M J L K G H L M

Results. 
 � � * 0 � 0 � � � 
 
 � �î 9 5 > > E F I E I I ê B = < 4 9 : 9 7 ; 4 í P ç U 6 7 Q @ ? 8 = < S > 4 7 4 @ë Q 4 6 7 : = 9 9 5 : 3 4 6 E J O E W W G = T B ; = < < 4 7 7 ; 4 6 7 Q @ ? ù 6 : 9 8 > Q 6 : = 98 3 : 7 4 3 : 5 M ñ ; 4 9 Q < R 4 3 = T 8 = < S > 4 7 4 @ ë Q 4 6 7 : = 9 9 5 : 3 4 6 3 5 9 A 4 @T 3 = < ð 7 = G E J H H 5 8 3 = 6 6 í 3 ï 5 9 6 5 6 8 = Q 9 7 : 4 6 M î 9 = Q 3 6 7 Q @ ?6 5 < S > 4 E J F M W û B 4 3 4 5 A 4 H W = 3 = > @ 4 3 E F I M ð û B 4 3 4 í T 3 : 8 5 9í < 4 3 : 8 5 9 E 5 9 @ ê W M F û ; 5 @ 5 7 7 4 9 @ 4 @ 5 7 > 4 5 6 7 6 = < 4 8 = > > 4 A 4K 1 2 3 4 � � L M � 4 5 3 > ? G I û = T S 5 3 7 : 8 : S 5 9 7 6 ; 5 @ 5 2 õ î 8 = 9 6 : @ 4 3 4 @7 = R 4 = R 4 6 4 K 2 õ î O I L M õ 5 9 ? = T 7 ; 4 6 = 8 : = @ 4 < = A 3 5 S ; : 88 ; 5 3 5 8 7 4 3 : 6 7 : 8 6 = T 7 ; 4 S 5 3 7 : 8 : S 5 9 7 6 N 5 3 : 4 @ 5 8 3 = 6 6 8 = Q 9 7 : 4 6 M5 � 
 � � � 
 � 
 � + � � � � 	 � � 
 � � 
 � 
 � � � � � � � � � � � � 
 * � � � � � �� � 
 � � + 
 � � � 
 	� = 3 < 5 9 ? 8 ; 5 3 5 8 7 4 3 : 6 7 : 8 6 E 7 ; 4 N 5 3 : 5 7 : = 9 5 8 3 = 6 6 í 3 ï 5 9 6 5 68 = Q 9 7 : 4 6 B 5 6 > 5 3 A 4 K 1 2 3 4 � 6 L M î 9 < 5 9 ? : 9 6 7 5 9 8 4 6 E 7 ; 4 8 = Q 9 7 : 4 6B : 7 ; 7 ; 4 < 5 X : < Q < N 5 > Q 4 6 T = 3 6 = < 4 = T 7 ; 4 6 4 5 @ N 4 3 6 4 8 = Q 9 7 ? ì> 4 N 4 > T 5 8 7 = 3 6 B 4 3 4 < = 3 4 7 ; 5 9 @ = Q R > 4 7 ; = 6 4 = T 7 ; 4 8 = Q 9 7 : 4 6B : 7 ; 7 ; 4 < : 9 : < Q < N 5 > Q 4 6 M D 4 N 4 3 5 > : 9 @ : N : @ Q 5 > ì 5 9 @ 8 = Q 9 7 ? ì> 4 N 4 > T 5 8 7 = 3 6 B 4 3 4 5 6 6 = 8 : 5 7 4 @ B : 7 ; ; : A ; 4 3 R 3 4 5 6 7 8 5 9 8 4 3: 9 8 : @ 4 9 8 4 : 9 Q 9 : N 5 3 : 5 7 4 < = @ 4 > 6 K 1 2 3 4 � 7 � L M ñ ; 4 4 X S > 5 : 9 4 @N 5 3 : 5 9 8 4 = T 5 9 ? @ 4 7 4 3 < : 9 5 9 7 B 5 6 ; : A ; 4 6 7 T = 3 : 9 T 5 9 7 < = 3 7 5 > : 7 ?3 5 7 4 K P ì 6 ë Q 5 3 4 @ 8 J H M G û L M9 � � 
 
 � � � 
 � � � � + � � � � � � 
 � � 
 � 
 � � � � � � � � � � � � 
 * � � � � � �� � 
 � � + 
 � � � 
 	1 2 3 4 � : 8 = < S 5 3 4 6 7 ; 4 N 5 3 : 5 9 8 4 4 X S > 5 : 9 4 @ K 5 @ ö Q 6 7 4 @P ì 6 ë Q 5 3 4 @ L 5 9 @ < = @ 4 > T : 7 K 2 î ç L 5 8 3 = 6 6 T = Q 3 < = @ 4 > 6 ü 5 > >8 = Q 9 7 ? ì > 4 N 4 > T 5 8 7 = 3 6 K õ = @ 4 > J L E 5 > > : 9 @ : N : @ Q 5 > ì > 4 N 4 > T 5 8 7 = 3 6K õ = @ 4 > F L E 5 > > 8 = Q 9 7 ? ì 5 9 @ : 9 @ : N : @ Q 5 > ì > 4 N 4 > T 5 8 7 = 3 6 K õ = @ 4 >7 ; 4 5 @ ö Q 6 7 4 @ P ì 6 ë Q 5 3 4 @ B 5 6 ; : A ; 4 3 T = 3 7 ; 4 < = @ 4 > B : 7 ; 5 > >S 3 4 @ : 8 7 = 3 6 K õ = @ 4 > O L E : 7 6 T : 7 B 5 6 6 : A 9 : T : 8 5 9 7 > ? B = 3 6 4 7 ; 5 97 ; 4 : 9 @ : N : @ Q 5 > ì > 4 N 4 > @ 4 7 4 3 < : 9 5 9 7 6 K � 5 : > ò ç í P ó S 3 4 @ : 8 7 4 @R 3 4 5 6 7 8 5 9 8 4 3 3 : 6 ï L 5 9 @ 8 = Q 9 7 ? ì > 4 N 4 > @ 4 7 4 3 < : 9 5 9 7 6 ; > 4 5 @4 X S = 6 Q 3 4 K > = A 7 3 5 9 6 T = 3 < 4 @ L 5 9 @ S = S Q > 5 7 : = 9 @ 4 9 6 : 7 ? K > = A7 3 5 9 6 T = 3 < 4 @ L < 5 9 @ ? : 4 > @ 4 @ 5 9 5 @ ö Q 6 7 4 @ P ì 6 ë Q 5 3 4 @ = T J G M J û Mí 6 6 ; = B 9 : 9 1 2 3 4 � = > 7 ; 4 8 = Q 9 7 ? R 3 4 5 6 7 8 5 9 8 4 3 : 9 8 : @ 4 9 8 4 3 5 7 4: 9 8 3 4 5 6 4 6 R ? I M H G 8 5 6 4 6 S 4 3 J I I E I I I S = S Q > 5 7 : = 9 T = 3 4 N 4 3 ?S 4 3 8 4 9 7 5 A 4 : 9 8 3 4 5 6 4 : 9 5 B = < 5 9 ù 6 3 : 6 ï = T R 3 4 5 6 7 8 5 9 8 4 3 E8 = 9 7 3 = > > : 9 A T = 3 = 7 ; 4 3 N 5 3 : 5 R > 4 6 : 9 7 ; 4 < = @ 4 > M ñ ; 4 8 = Q 9 7 ?: 9 8 : @ 4 9 8 4 3 5 7 4 : 9 8 3 4 5 6 4 @ R ? H M ð S 4 3 J I I E I I I S = S Q > 5 7 : = 9T = 3 4 N 4 3 ? Q 9 : 7 : 9 8 3 4 5 6 4 : 9 7 ; 4 > = A ì 7 3 5 9 6 T = 3 < 4 @ S = S Q > 5 7 : = 9



S328 Schootman et al. Determinants of high breast cancer incidence rates

� � � � � � � � � � 	 � � � 
 � � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  ! " # $ % & ' ' � ( ) * % + � + , % + + + - � � � ' * . . � / � � 	 � � 	 � � .  � � �  � + 0 . � � � � � �  ! � � 1 � � #

? â @ å Ý A 
 � � � � � � � � � � � � � � 	 � � � � � � & � � ' 	 ' & � � � � 	 � � � � � � 	 � � & � � � �� � � � $ � B  + � Ú Ú ( ) � � � � 0 C � �  �
Risk factors Percentage

County range 

(%)

Age (years)

35–49 50.4 −

50–64 37.1 −

65 or older 12.5 4.4–47.8

Race

African American 20.8 0.0–75.9

White 79.2 −

Education

Less than high school 3.5 0.0–23.6

High school or GED 21.2 −

At least some college 75.2 −

Unknown 0.1 −

Age at menarche (years)

<12 24.0 16.7–40.0

12–13 52.3 −

14 or older 23.7 −

Body mass index at time of survey (kg/m
2

)

<18.5 1.3 −

18.5–24.9 28.3 −

25.0–29.9 29.8 −

30 or more 39.7 0.0–63.2

Unknown 1.0 −

Body mass index at age 18 (kg/m
2

)

<18.5 22.5 −

18.5–24.9 63.1 −

25.0–29.9 8.5 −

30 or more 4.4 0.0–12.5

Unknown 1.5 −

Lactation

No (no child birth,  

duration 0–6 months)

76.9 −

Yes (6 or more months) 21.7 0.0–50.0

Unknown 1.4 −? â @ å Ý A $ � � �   ¡ � £ � ¨ )

? â @ å Ý A $ � � �   ¡ � £ � ¨ )
Risk factors Percentage

County range 

(%)

Alcohol use

0–<10 g/day 86.8 −

10 g/day or more 12.4 0–19.5

Unknown 0.1 −

Physical activity

Inactive 6.4 0–18.2

Insufficiently active 14.9 −

Active 16.9 −

Highly active 61.8 −

Mean 5-year predicted breast 

cancer risk, % (st dev)

1.3 (1.0) 1.0–1.9

Mean lifetime predicted breast 

cancer risk, % (st dev)

9.9 (5.2) 7.5–11.9
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County-level factors Median Mean Range Data source

Health behaviors

Women ≥40 without mammogram in past 2 years (%) 31.3 31.4 14.4–46.3 BRFSS [2009]

Meeting physical activity recommendations (%) 46.8 46.8 33.7–63.1 BRFSS [2009]

Clinical care

Population per primary care physician 1,419 2,152 673.9–14,130 Area Health Resource file

Hospitalization rate for ambulatory-care sensitive 

conditions (per 1,000 Medicare enrollees)

81 86 51–145 Dartmouth Atlas of Health Care from  

County Health Rankings [2011]

Uninsured rate (age <65 years) (%) 20 21 16–31 Small Area Health Insurance Estimates [2011]

Social & economic factors

Theil index of racial segregation 0.455 0.452 0.285–0.633 CommunityCommons.org [2010]

Poverty rate (%) 20.4 21.0 8.4–32.3 American Community Survey [2010]

Adults without social/emotional support (%) 22 22 11–39 BRFSS [2005-2010]

Violent crime rate (per 100,000) 270 352 30–1,724 FBI Uniform Crime Reporting [2009-2011]

High school graduation rate (%) 84 84 66–96 American Community Survey [2010]

Physical environment

Lead (pounds) 51.31 152.2 0–2,538 Toxic Release Inventory

Population density (per square mile) 115.5 194.2 10.5–468.9 Area Health Resource file

Population health status

Diabetes (%) 10.6 10.9 5.0–17.9 BRFSS

Infant mortality rate (per 1,000 live births) 7.4 7.5 0.0–15.1 Area Health Resource file

Fair-poor health status (%) 22 22 12–36 BRFSS

BRFSS, Behavioral Risk Factor Surveillance System.? â @ å Ý F 
 	 � ' � � � � 	 � 	 � � � � � � � 	 � � 	 & � � � � � � � � � 	 � � 	 � � � �
Model R-squared Adjusted R-squared BIC

Model 1: all county-level predictors 0.287 0.102 647.5

Model 2: all individual-level predictors 0.275 0.055 657.3

Model 3: all predictors 0.628 0.338 672.5

Model 4: best fit model 0.176 0.141 606.6

BIC, Bayesian Information Criterion.? â @ å Ý G � 	 � � � � � � � � � � � � � � � � � 	 � � � � � � � � & � � , � � � � 	 & � � � , � � � � � � � � � 	 � � � � � 	 � � � � � � � � � � � 	 & � � � � � � � � � � � � � � � � � � � � � � � � � � � � # C � �  �
Variable Beta Standard error P value

Individual-level factors

5-year predicted breast cancer risk (Gail/CARE models) 0.639 0.121 <0.001

County-level factors

Lead (log) −0.667 0.396 0.097

Population density per square mile (log) (%) 6.815 1.908 0.001
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Individual- and county-level factors R-square Beta Standard error P value

Individual-level factors

5-year predicted breast cancer risk 0.000 0.066 1.510 0.965

Age (years) 0.017 −0.176 0.151 0.247

Current body mass index (vs. <18.5) 0.026

18.5–24.9 0.017 0.051 0.738

25.0–29.9 0.010 0.041 0.816

30 or more 0.049 0.040 0.222

Age at menarche (vs. <12 years) 0.030

12–13 years −0.082 0.039 0.040

14 years or older −0.106 0.054 0.056

Body mass index at age 18 (vs. <18.5) in kg/m
2

0.072

18.5–24.9 0.056 0.037 0.136

25.0–29.9 −0.659 0.307 0.035

30 or more −0.074 0.073 0.315

Lactation (yes vs. no) 0.018 0.006 0.006 0.352

Education (vs. less than high school) 0.020

High school or GED 0.090 0.040 0.027

At least some college 0.071 0.030 0.021

Alcohol use (≥10 vs. <10 g/day) 0.010 0.070 0.055 0.205

Physical activity (vs. inactive) 0.013

Insufficiently active −0.132 0.213 0.539

Active −0.064 0.132 0.627

Highly active −0.164 0.235 0.488

County-level factors

Health behaviors

Women ≥40 without mammogram in past 2 years (%) 0.003 0.114 0.262 0.663

Meeting physical activity recommendations (%) 0.021 0.342 0.279 0.224

Clinical care

Population per primary care physician 0.071 −6.367 2.723 0.022

Hospitalization rate for ambulatory-care sensitive conditions 0.050 −0.140 0.072 0.056

Uninsured rate (age <65 years) (%) 0.009 −0.494 0.611 0.422

Social & economic factors

Theil index (linear only) 0.004 −0.108 0.200 0.590

Theil (linear component) 0.085 −5.095 2.008 0.013

Theil (quadratic component) 0.056 0.022 0.015

Population living in the same house 1 year ago (%) 0.000 −0.012 0.448 0.979

Poverty rate (%) 0.024 −0.433 0.330 0.194

Adults without social/emotional support (%) 0.014 −0.369 0.364 0.314

Violent crime rate (per 100,000) 0.024 0.007 0.006 0.189

High school graduation rate (%) 0.017 −0.348 0.307 0.262

Physical environment

Lead (natural log) 0.018 −0.448 0.391 0.256

Population density per square mile 0.108 5.985 2.039 0.004

Population health status −

Diabetes (%) 0.064 −1.171 0.531 0.031

Infant mortality rate (linear only) 0.008 0.443 0.583 0.450

Infant mortality rate (linear component) 0.164 6.984 1.890 0.000

Infant mortality rate (quadratic component) − −0.413 0.114 0.001

Fair-poor health status (%) 0.052 −0.647 0.326 0.051
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