World Journe
logy

World | Gastroenterol 2017 October 21; 23(39

Baishideng Publishing Group Inc



wJ

A peer-reviewed; online; open-access jowrnal of gastroenterology and hepatology

World Journal of
Gastroenterology

Editorial Board

2014-2017

The World Journal of Gastroenterology Editorial Board consists of 1353 members, representing a team of worldwide
experts in gastroenterology and hepatology. They are from 68 countries, including Albania (1), Algeria (1),
Argentina (7), Australia (31), Austria (9), Belgium (10), Brazil (20), Brunei Darussalam (1), Bulgaria (2), Cambodia
(1), Canada (25), Chile (4), China (161), Croatia (1), Cuba (1), Czech (6), Denmark (2), Egypt (9), Estonia (2), Finland
(6), France (17), Germany (56), Greece (31), Guatemala (1), Hungary (14), Iceland (1), India (33), Indonesia (2), Iran
(10), Ireland (9), Israel (18), Italy (195), Japan (151), Jordan (1), Kuwait (1), Lebanon (7), Lithuania (1), Malaysia (1),
Mexico (10), Morocco (1), Netherlands (5), New Zealand (4), Nigeria (3), Norway (6), Pakistan (6), Poland (12),
Portugal (8), Puerto Rico (1), Qatar (1), Romania (10), Russia (3), Saudi Arabia (2), Singapore (7), Slovenia (2), South
Korea (64), Spain (51), Sri Lanka (1), Sudan (1), Sweden (12), Switzerland (5), Thailand (7), Trinidad and Tobago
(1), Tunisia (2), Turkey (56), United Kingdom (47), United States (173), Venezuela (1), and Vietnam (1).

EDITORS-IN-CHIEF

Stephen C Strom, Stockholm
Saleh A Naser, Orlando

Andrzej S Tarnawski, Long Beach
Damian Garcia-Olmo, Madrid

GUEST EDITORIAL BOARD
MEMBERS

Jia-Ming Chang, Taipei

Jane CJ Chao, Taipei
Kuen-Feng Chen, Taipei
Tai-An Chiang, Tainan
Yi-You Chiou, Taipei
Seng-Kee Chuah, Kaohsiung
Wan-Long Chuang, Kaohsiung
How-Ran Guo, Tainan
Ming-Chih Hou, Taipei
Po-Shiuan Hsieh, Taipei
Ching-Chuan Hsieh, Chiayi county
Jun-Te Hsu, Taoyuan
Chung-Ping Hsu, Taichung
Chien-Ching Hung, Taipei
Chao-Hung Hung, Kaohsiung
Chen-Guo Ker, Kaohsiung
Yung-Chih Lai, Taipei
Teng-Yu Lee, Taichung City
Wei-Jei Lee, Taoyuan
Jin-Ching Lee, Kaohsiung
Jen-Kou Lin, Taipei

Ya-Wen Lin, Taipei

Hui-kang Liu, Taipei
Min-Hsiung Pan, Taipei
Bor-Shyang Sheu, Tainan
Hon-Yi Shi, Kaohsiung
Fung-Chang Sung, Taichung
Dar-In Tai, Taipei

Raishidenge ~ WJG | www.wjgnet.com

Jung-Fa Tsai, Kaohsiung
Yao-Chou Tsai, New Taipei City
Chih-Chi Wang, Kaohsiung
Liang-Shun Wang, New Taipei City
Hsiu-Po Wang, Taipei
Jaw-Yuan Wang, Kaohsiung
Yuan-Huang Wang, Taipei
Yuan-Chuen Wang, Taichung
Deng-Chyang Wu, Kaohsiung
Shun-Fa Yang, Taichung
Hsu-Heng Yen, Changhua

MEMBERS OF THE EDITORIAL
BOARD

- Albania

Saadi Berkane, Algiers

'
Algeria

Samir Rouabhia, Batna

Argentina

N Tolosa de Talamoni, Cordoba
Eduardo de Santibanes, Buenos Aires
Bernardo Frider, Capital Federal
Guillermo Mazzolini, Pilar

Carlos Jose Pirola, Buenos Aires
Bernabé Matias Quesada, Buenos Aires
Maria Fernanda Troncoso, Buenos Aires

%
\

Australia

Golo Ahlenstiel, Westmead
Minoti V Apte, Sydney
Jacqueline S Barrett, Melbourne
Michael Beard, Adelaide

Filip Braet, Sydney

Guy D Eslick, Sydney

Christine Feinle-Bisset, Adelaide
Mark D Gorrell, Sydney
Michael Horowitz, Adelaide
Gordon Stanley Howarth, Roseworthy
Seungha Kang, Brisbane

Alfred King Lam, Gold Coast
Ian C Lawrance, PerthFremantle
Barbara Anne Leggett, Brisbane
Daniel A Lemberg, Sydney
Rupert W Leong, Sydney
Finlay A Macrae, Victoria
Vance Matthews, Melbourne
David L Morris, Sydney

Reme Mountifield, Bedford Park
Hans ] Netter, Melbourne

Nam Q Nguyen, Adelaide
Liang Qiao, Westmead
Rajvinder Singh, Adelaide

Ross Cyril Smith, StLeonards
Kevin ] Spring, Sydney

Debbie Trinder, Fremantle
Daniel R van Langenberg, Box Hill
David Ian Watson, Adelaide
Desmond Yip, Garran

Li Zhang, Sydney

March 26, 2014



JRaishideng®

I
I Austria

Felix Aigner, Innsbruck

Gabriela A Berlakovich, Vienna
Herwig R Cerwenka, Graz

Peter Ferenci, Wien

Alfred Gangl, Vienna

Kurt Lenz, Linz

Markus Peck-Radosavljevic, Vienna
Markus Raderer, Vienna

Stefan Riss, Vienna

I Belgium

Michael George Adler, Brussels
Benedicte Y De Winter, Antwerp
Mark De Ridder, Jette

Olivier Detry, Liege

Denis Dufrane Dufrane, Brussels
Nikos Kotzampassakis, Liege
Geert KMM Robaeys, Genk
Xavier Sagaert, Leuven

Peter Starkel, Brussels

Eddie Wisse, Keerbergen

‘ﬂ
H Brazil

SMP Balzan, Santa Cruz do Sul

JLF Caboclo, Sao jose do rio preto

Fabio Guilherme Campos, Sao Paulo
Claudia RL Cardoso, Rio de Janeiro
Roberto J Carvalho-Filho, Sao Paulo
Carla Daltro, Salvador

José Sebastiao dos Santos, Ribeirao Preto
Eduardo LR Mello, Rio de Janeiro
Sthela Maria Murad-Regadas, Fortaleza
Claudia PMS Oliveira, Sao Paulo

Julio C Pereira-Lima, Porto Alegre
Marcos V Perini, Sao Paulo

Vietla Satyanarayana Rao, Fortaleza
Raquel Rocha, Salvador

AC Simoes e Silva, Belo Horizonte
Mauricio F Silva, Porto Alefre

Aytan Miranda Sipahi, Sao Paulo

Rosa Leonora Salerno Soares, Niteroi
Cristiane Valle Tovo, Porto Alegre
Eduardo Garcia Vilela, Belo Horizonte

$ '. Brunei Darussalam

Vui Heng Chong, Bandar Seri Begawan

Bulgaria

Tanya Kirilova Kadiyska, Sofia
Mihaela Petrova, Sofia

u Cambodia

Francois Rouet, Phnom Penh

Ld o

Brian Bressler, Vancouver

WJG | www.wjgnet.com

Frank ] Burczynski, Winnipeg
Wangxue Chen, Ottawa
Francesco Crea, Vancouver
Mirko Diksic, Montreal

Jane A Foster, Hamilton
Hugh ] Freeman, Vancouver
Shahrokh M Ghobadloo, Ottawa
Yuewen Gong, Winnipeg
Philip H Gordon, Quebec
Rakesh Kumar, Edmonton
Wolfgang A Kunze, Hamilton
Patrick Labonte, Laval
Zhikang Peng, Winnipeg
Jayadev Raju, Ottawa
Maitreyi Raman, Calgary
Giada Sebastiani, Montreal
Maida ] Sewitch, Montreal
Eldon A Shaffer, Alberta
Christopher W Teshima, Edmonton
Jean Sévigny, Québec
Pingchang Yang, Hamilton
Pingchang Yang, Hamilton
Eric M Yoshida, Vancouver
Bin Zheng, Edmonton

Marcelo A Beltran, La Serena
Flavio Nervi, Santiago

Adolfo Parra-Blanco, Santiago
Alejandro Soza, Santiago

¥
* x

China

Zhao-Xiang Bian, Hong Kong
San-Jun Cai, Shanghai
Guang-Wen Cao, Shanghai
Long Chen, Nanjing

Ru-Fu Chen, Guangzhou
George G Chen, Hong Kong
Li-Bo Chen, Wuhan

Jia-Xu Chen, Beijing
Hong-Song Chen, Beijing
Lin Chen, Beijing
Yang-Chao Chen, Hong Kong
Zhen Chen, Shanghai
Ying-Sheng Cheng, Shanghai
Kent-Man Chu, Hong Kong
Zhi-Jun Dai, Xi’an

Jing-Yu Deng, Tianjin

Yi-Qi Du, Shanghai

Zhi Du, Tianjin

Hani El-Nezami, Hong Kong
Bao-Ying Fei, Hangzhou
Chang-Ming Gao, Nanjing
Jian-Ping Gong, Chongging
Zuo-Jiong Gong, Wuhan
Jing-Shan Gong, Shenzhen
Guo-Li Gu, Beijing
Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an

Zhao-Hui Huang, Wuxi

II

Feng Ji, Hangzhou

Simon Law, Hong Kong
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou
Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa

Han Liang, Tianjin

Xing'e Liu, Hangzhou
Zheng-Wen Liu, Xi'an
Xiao-Fang Liu, Yantai

Bin Liu, Tianjin

Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing

Fei Liu, Shanghai

Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an

Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Bo-Rong Pan, Xi‘an

Di Qu, Shanghai

Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongging
Eric Tse, Hong Kong

Hong Tu, Shanghai

Rong Tu, Haikou

Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi‘an
Chun-You Wang, Wuhan
Ge Wang, Chongging
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi‘an

Bing Xia, Wuhan

Qing Xia, Chengdu

Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai

Wei Xu, Changchun

Ming Yan, Jinan

Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing

March 26, 2014



Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing

Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

I Croatia

Tajana Filipec Kanizaj, Zagreb

la

....

T
—
e Cuba

Damian Casadesus, Havana

Jan Bures, Hradec Kralove

Marcela Kopacova, Hradec Kralove
Otto Kucera, Hradec Kralove
Marek Minarik, Prague

Pavel Soucek, Prague

Miroslav Zavoral, Prague

H
. - Denmark

Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

I
I =gyt

Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo

Ashraf Elbahrawy, Cairo

Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut

Maha Maher Shehata, Mansoura
Mostafa Sira, Menofiya

Estonia

Margus Lember, Tartu
Tamara Vorobjova, Tartu

Marko Kallioméki, Turku
Thomas Kietzmann, Oulu

Boishidenge ~ WJG | www.wjgnet.com

Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku

Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

I I France

Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy

Pierre Cordelier, Toulouse

Pascal P Crenn, Garches
Catherine Daniel, Lille

Fanny Daniel, Paris

Cedric Dray, Toulouse

Benoit Foligne, Lille

Jean-Noel Freund, Strasbourg
Nathalie Janel, Paris

Majid Khatib, Bordeaux

Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris

Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris

Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Germany

Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg

Hubert E Blum, Freiburg

Thomas Bock, Berlin

Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen

Giiralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, Miinchen
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen

Andreas Geier, Wuerzburg

Markus Gerhard, Munich

Anton Gillessen, Muenster

Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Griitzmann, Dresden

Thilo Hackert, Heidelberg

Joerg Haier, Muenster

Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg

Richard Hummel, Muenster

Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt

Andrej Khandoga, Munich

Jorg Kleeff, Munich

Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren

Oliver Mann, Hamburg

Marc E Martignoni, Munic

Thomas Minor, Bonn

Oliver Moeschler, Osnabrueck

Jonas Mudyter, Eutin

Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin

1

Andreas Ommer, Essen

Albrecht Piiper, Frankfurt

Esther Raskopf, Bonn

Christoph Reichel, Bad Briickenau
Elke Roeb, Giessen

Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibriicken
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin

Dirk Uhlmann, Leipzig

Michael Weiss, Halle

Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

|
. —
——— Greece

Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa

Maria Gazouli, Athens

Urania Georgopoulou, Athens

Eleni Gigi, Thessaloniki

Stavros Gourgiotis, Athens

Leontios ] Hadjileontiadis, Thessaloniki
Thomas Hyphantis, loannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens

Spiros D Ladas, Athens

Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens

Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras

Georgios Zacharakis, Athens

Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, loannina

Guatemala

3
Carlos Maria Parellada, Guatemala

[
[ Hungary

Mihaly Boros, Szeged
Tamaés Decsi, Pécs

Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamés Molnar, Szeged
Attila Olah, Gyor

Maria Papp, Debrecen
Zoltan Rakonczay, Szeged

March 26, 2014



Ferenc Sipos, Budapest
Miklés Tanyi, Debrecen
Tibor Wittmann, Szeged

|
. -Iceland

Tryggvi Bjorn Stefansson, Reykjavik

@
N 1ndia
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia

David Handojo Muljono, Jakarta
Andi Utama, Jakarta

V)
()
I Iran

Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran

Farzaneh Sabahi, Tehran

Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

I Ireland

Gary Alan Bass, Dublin

Boishidenge  WJG | www.wjgnet.com

David ] Brayden, Dublin
Ronan A Cahill, Dublin

Glen A Doherty, Dublin

Liam ] Fanning, Cork

Barry Philip McMahon, Dublin
RossMcManus, Dublin

Dervla O’Malley, Cork

Sinead M Smith, Dublin

~ 1Israel

Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod

Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem

Ram Reifen, Rehovot

Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa

Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot

Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa

Romy Zemel, Petach-Tikva

l I Italy

Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome

Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova

Vito Annese, Florence

Paolo Aurello, Rome

Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome

Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome

Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano

Aldo Bove, Chieti

Raffaele Bruno, Pavia

Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples

Lucia Carulli, Modena

Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome

Michele Cicala, Roma

Rachele Ciccocioppo, Pavia

v

Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Curro, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano

Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin

Silvia Fargion, Milan

Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna

Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza

Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples

Antonio Grieco, Rome

Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Salvatore Gruttadauria, Palermo
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo lerardi, Bari

Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples

Paola Iovino, Salerno

Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo

C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macri, Messina
Mariano Malaguarnera, Catania

March 26, 2014



Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome

Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome

Erica Novo, Turin

Veronica Ojetti, Rome

Michele Orditura, Naples
Fabio Pace, Seriate

Lucia Pacifico, Rome

Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza

Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari

Carlo Ratto, Tome

Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina

Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso

L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa

Lapo Sali, Florence

Romina Salpini, Rome

Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome

Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari

Guido Torzilli, Milan

Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona

Baishidenge ~ W]G | www.wjgnet.com

Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia

Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Alessandro Vitale, Padova
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba

Takaaki Arigami, Kagoshima
Itaru Endo, Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto

Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka

Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo

Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro lizuka, Akita
Toshiro lizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo

Akio Inui, Kagoshima

Shuji Isaji, Tsu

Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba

Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo

Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume

Japan

Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto

Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya

Y Matsuzaki, Ami

Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita

Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita

Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo

Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita

Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo

Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Choubhei Sakakura, Kyoto
Naoaki Sakata, Sendai

Ken Sato, Maebashi

Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake

H Shimada, Tokyo

Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara

Ikuo Shoji, Kobe

Atsushi Sofuni, Tokyo

Takeshi Suda, Niigata

M Sugimoto, Hamamatsu

Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki

Toru Takahashi, Niigata

March 26, 2014



Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu

Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo

Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu

Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

= Jordan

Khaled Ali Jadallah, Irbid

= Kuwait

Islam Khan, Kuwait

% Lebanon

Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut

Fadi H Mourad, Beirut
Ala Sharara, Beirut

Rita Slim, Beirut

- Lithuania

Antanas Mickevicius, Kaunas

@

Huck Joo Tan, Petaling Jaya

I | :) I
Mexico

Richard A Awad, Mexico City

Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City

Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara

OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City

Omar Vergara-Fernandez, Mexico City
Saul Villa-Trevino, Cuidad de México

Malaysia

Roishidenge ~ WJG | www.wjgnet.com

- Morocco

Samir Ahboucha, Khouribga

[ —
I Netherlands

Robert ] de Knegt, Rotterdam

Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden

BW Marcel Spanier, Arnhem

Karel van Erpecum, Utrecht

New Zealand

Leo K Cheng, Auckland

Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

I I Nigeria

Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

I Norway

Trond Berg, Oslo

Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud

Magdy El-Salhy, Stord

Rasmus Goll, Tromso

Dag Arne Lihaug Hoff, Aalesund

Pakistan

Zaigham Abbas, Karachi

Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore

Saeed Sadiq Hamid, Karachi

Yasir Waheed, Islamabad

- Poland

Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice

Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw

Danuta Owczarek, Krakow

Piotr Socha, Warsaw

Piotr Stalke, Gdansk

Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

- Portugal

Marie Isabelle Cremers, Setubal

VI

Ceu Figueiredo, Porto

Ana Isabel Lopes, LIsbon

M Paula Macedo, Lisboa
Ricardo Marcos, Porto

Rui T Marinho, Lisboa

Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

E Puerto Rico

Caroline B Appleyard, Ponce

Abdulbari Bener, Doha

I I Romania

Mihai Ciocirlan, Bucharest

Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu

Lucian Negreanu, Bucharest

Adrian Saftoiu, Craiova

Andrada Seicean, Cluj-Napoca

Ioan Sporea, Timisoara

Letitia Adela Maria Streba, Craiova
Anca Trifan, Iasi

- Russia

Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

M| Saudi Arabia

Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

&

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

h Slovenia

Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

Y g™

W%  South Korea

Sang Hoon Ahn, Seoul
Soon Koo Baik, Wonju
So00-Cheon Chae, Iksan
Byung-Ho Choe, Daegu

March 26, 2014



Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
Seok Joo Han, Seoul
Seung-Heon Hong, Iksan

Jin-Hyeok Hwang, Seoungnam

Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju

Chang Moo Kang, Seodaemun-gu

Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul

Tae Il Kim, Seoul

Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Ja-Lok Ku, Seoul

Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul

Jung Eun Lee, Seoul

Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul

SH Noh, Seoul

Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu

Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Dong Wan Seo, Seoul

11 Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

—

e
I Spain
Mariam Aguas, Valencia
Raul ] Andrade, Mdlaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Bosca, Madrid

Ricardo Robles Campos, Murcia

JRaishideng®

WJG | www.wjgnet.com

Jordi Camps, Reus

Carlos Cervera Barcelona

Alfonso Clemente, Granada

Pilar Codoner-Franch, Valencia
Fernando ] Corrales, Pamplona
Fermin Sanchez de Medina, Granada
Alberto Herreros de Tejada,
Majadahonda

Enrique de-Madaria, Alicante

JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia

CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada

Maria Teresa Garcia, Vigo

MI Garcia-Fernandez, Mdlaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra

Angel Lanas, Zaragoza

Juan Ramén Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid

Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona

Maria Pellise, Barcelona

José Perea, Madrid

Miguel Angel Plaza, Zaragoza
Maria J Pozo, Cdceres

Enrique Quintero, La Laguna

Jose M Ramia, Madrid

Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona

Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid

Javier Suarez, Pamplona

Carlos Taxonera, Madrid

M Isabel Torres, Jaén

Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid

Silvia Vidal, Barcelona

I E Sri Lanka

Arjuna Priyadarsin De Silva, Colombo

= Sudan

Ishag Adam, Khartoum

H N
. -Sweden

Roland G Andersson, Lund
Bergthor Bjornsson, Linkoping

Johan Christopher Bohr, Orebro
Mauro D’ Amato, Stockholm

Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund

Riadh Sadik, Gothenburg

Per Anders Sandstrom, Linkoping
Ervin Toth, Malmo

Konstantinos Tsimogiannis, Vasteras

VII

Apostolos V Tsolakis, Uppsala

ﬂ Switzerland

Gieri Cathomas, Liestal

Jean Louis Frossard, Geneve
Christian Toso, Geneva

Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

s Thailand

Thawatchai Akaraviputh, Bangkok

P Yoysungnoen Chintana, Pathumthani
Veerapol Kukongviriyapan, Muang
Vijittra Leardkamolkarn, Bangkok
Varut Lohsiriwat, Bangkok

Somchai Pinlaor, Khaon Kaen

D Wattanasirichaigoon, Bangkok

k\l Trinidad and Tobago

B Shivananda Nayak, Mount Hope

Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

x
Turkey

Sami Akbulut, Diyarbakir

Inci Alican, Istanbul

Mustafa Altindis, Sakarya

Mutay Aslan, Antalya

Oktar Asoglu, Istanbul

Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara
Stileyman Bayram, Adiyaman
Ahmet Bilici, Istanbul

Ahmet Sedat Boyacioglu, Ankara
Ziileyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu

Yasar Colak, Istanbul

Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay

Ahmet Merih Dobrucali, Istanbul
Giilstim Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara

Eren Ersoy, Ankara

Osman Ersoy, Ankara

Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara

Ozgur Harmanci, Ankara

Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul

Selin Kapan, Istanbul

Huseyin Kayadibi, Adana
Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul

Mevlut Kurt, Bolu

Resat Ozaras, Istanbul

March 26, 2014



JRaishideng®

Elvan Ozbek, Adapazari
Cengiz Ozcan, Mersin
Hasan Ozen, Ankara

Halil Ozguc, Bursa
Mehmet Ozturk, Izmir
Orhan V Ozkan, Sakarya
Semra Paydas, Adana
Ozlem Durmaz Suoglu, Istanbul
Ilker Tasci, Ankara

Miige Tecder-iinal, Ankara
Mesut Tez, Ankara

Serdar Topaloglu, Trabzon
Murat Toruner, Ankara
Gokhan Tumgor, Adana
Oguz Uskudar, Adana
Mehmet Yalniz, Elazig
Mehmet Yaman, Elazig
Veli Yazisiz, Antalya
Yusuf Yilmaz, Istanbul
Ozlem Yilmaz, Izmir

Oya Yucel, Istanbul
Ilhami Yuksel, Ankara

Y4

% m United Kingdom

Nadeem Ahmad Afzal, Southampton
Navneet K Ahluwalia, Stockport
Yeng S Ang, Lancashire

Ramesh P Arasaradnam, Coventry
Ian Leonard Phillip Beales, Norwich
John Beynon, Swansea

Barbara Braden, Oxford

Simon Brambhall, Birmingham
Geoffrey Burnstock, London

Ian Chau, Sutton

Thean Soon Chew, London

Helen G Coleman, Belfast

Anil Dhawan, London

Sunil Dolwani, Cardiff

Piers Gatenby, London

Anil T George, London

Pasquale Giordano, London

Paul Henderson, Edinburgh
Georgina Louise Hold, Aberdeen
Stefan Hubscher, Birmingham
Robin D Hughes, London

Nusrat Husain, Manchester

Matt W Johnson, Luton

Konrad Koss, Macclesfield
Anastasios Koulaouzidis, Edinburgh
Simon Lal, Salford

John S Leeds, Aberdeen

Hongxiang Liu, Cambridge

Michael Joseph McGarvey, London
Michael Anthony Mendall, London
Alexander H Mirnezami, Southampton
J Bernadette Moore, Guildford
Claudio Nicoletti, Norwich

Savvas Papagrigoriadis, London
David Mark Pritchard, Liverpool
James A Ross, Edinburgh

Kamran Rostami, Worcester

Xiong Z Ruan, London

Dina Tiniakos, Newcastle upon Tyne
Frank I Tovey, London

Dhiraj Tripathi, Birmingham

Vamsi R Velchuru, Great Yarmouth
Nicholas T Ventham, Edinburgh
Diego Vergani, London

Jack Westwood Winter, Glasgow

WJG | www.wjgnet.com

Terence Wong, London
Ling Yang, Oxford

United States

Daniel E Abbott, Cincinnati
Ghassan K Abou-Alfa, New York
Julian Abrams, New York

David William Adelson, Los Angeles

Jonathan Steven Alexander, Shreveport

Tauseef Ali, Oklahoma City
Mohamed R Ali, Sacramento
Rajagopal N Aravalli, Minneapolis
Hassan Ashktorab, Washington
Shashi Bala, Worcester

Charles F Barish, Raleigh

P Patrick Basu, New York
Robert L Bell, Berkeley Heights
David Bentrem, Chicago

Henry ] Binder, New Haven
Joshua Bleier, Philadelphia
Wojciech Blonski, Johnson City
Kenneth Boorom, Corvallis
Brian Boulay, Chicago

Carla W Brady, Durham

Kyle E Brown, lowa City

Adeel AButt, Pittsburgh
Weibiao Cao, Providence
Andrea Castillo, Cheney
Fernando ] Castro, Weston
Adam S Cheifetz, Boston

Adam S Cheifetz, Boston
Xiaoxin Luke Chen, Durham
Ramsey Cheung, Palo Alto
Parimal Chowdhury, Little Rock
Edward John Ciaccio, New York
Dahn L Clemens, Omaha

Yingzi Cong, Galveston

Laura Iris Cosen-Binker, Boston
Joseph John Cullen, Lowa
Mark ] Czaja, Bronx

Mariana D Dabeva, Bronx
Christopher James Damman, Seattle
Isabelle G De Plaen, Chicago
Abhishek Deshpande, Cleveland
Punita Dhawan, Nashville

Hui Dong, La Jolla

Wael El-Rifai, Nashville

Sukru H Emre, New Haven

Paul Feuerstadt, Hamden

Josef E Fischer, Boston

Laurie N Fishman, Boston
Joseph Che Forbi, Atlanta
Temitope Foster, Atlanta
AmyEFoxx-Orenstein, Scottsdale
Daniel E Freedberg, New York
Shai Friedland, Palo Alto
Virgilio George, Indianapolis
Ajay Goel, Dallas

Oliver Grundmann, Gainesville
Stefano Guandalini, Chicago
Chakshu Gupta, St. Joseph
Grigoriy E Gurvits, New York
Xiaonan Han, Cincinnati
Mohamed Hassan, Jackson
Martin Hauer-Jensen, Little Rock
Koichi Hayano, Boston

Yingli Hee, Atlanta

Samuel B Ho, San Diego

VIII

Jason Ken Hou, Houston

Lifang Hou, Chicago

K-Qin Hu, Orange

Jamal A Ibdah, Columbia

Robert Thomas Jensen, Bethesda
Huanguang “Charlie” Jia, Gainesville
Rome Jutabha, Los Angeles
Andreas M Kaiser, Los Angeles
Avinash Kambadakone, Boston
David Edward Kaplan, Philadelphia
Randeep Kashyap, Rochester
Rashmi Kaul, Tulsa

Ali Keshavarzian, Chicago

Amir Magbul Khan, Marshall
Nabeel Hasan Khan, New Orleans
Sahil Khanna, Rochester

Kusum K Kharbanda, Omaha
Hyun Sik Kim, Pittsburgh

Joseph Kim, Duarte

Jae S Kim, Gainesville

Miran Kim, Providence

Timothy R Koch, Washington
Burton I Korelitz, New York

Betsy Kren, Minneapolis
Shiu-Ming Kuo, Buffalo

Michelle Lai, Boston

Andreas Larentzakis, Boston
Edward Wolfgang Lee, Los Angeles
Daniel A Leffler, Boston

Michael Leitman, New York

Suthat Liangpunsakul, Indianapolis
Joseph K Lim, New Haven

Elaine Y Lin, Bronx

Henry C Lin, Albuquerque

Rohit Loomba, La Jolla

James David Luketich, Pittsburgh

Mohammad F Madhoun, Oklahoma City

Thomas C Mahl, Buffalo

Ashish Malhotra, Bettendorf
Pranoti Mandrekar, Worcester
John Marks, Wynnewood

Wendy M Mars, Pittsburgh

Julien Vahe Matricon, San Antonio
Craig ] McClain, Louisville
George K Michalopoulos, Pittsburgh
Tamir Miloh, Phoenix

Ayse Leyla Mindikoglu, Baltimore
Huanbiao Mo, Denton

Klaus Monkemuller, Birmingham
John Morton, Stanford

Adnan Muhammad, Tampa
Michael ] Nowicki, Jackson
Patrick I Okolo, Baltimore
Giusepp Orlando, Winston Salem
Natalia A Osna, Omaha

Virendra N Pandey, Newark
Mansour A Parsi, Cleveland
Michael F Picco, Jacksonville
Daniel S Pratt, Boston

Xiaofa Qin, Newark

Janardan K Reddy, Chicago

Victor E Reyes, Galveston

Jon Marc Rhoads, Houston

Giulia Roda, New York

Jean-Francois Armand Rossignol, Tampa

Paul A Rufo, Boston

Madhusudana Girija Sanal, New York
Miguel Saps, Chicago

Sushil Sarna, Galveston

Ann O Scheimann, Baltimore

Bernd Schnabl, La Jolla

March 26, 2014



Raishidenge ~ WJG | www.wjgnet.com March 26, 2014




/{/ (]‘ World Journal of
Gastroenterology

Contents Weekly Volume 23 Number 39 October 21, 2017

REVIEW
7059 Less common etiologies of exocrine pancreatic insufficiency

Singh VK, Haupt ME, Geller DE, Hall JA, Quintana Diez PM

MINIREVIEWS
7077  Radiofrequency ablation for hepatic hemangiomas: A consensus from a Chinese panel of experts
Gao J, Fan RE, Yang JY, Cui Y, Ji JS, Ma KS, Li XL, Zhang L, Xu CL, Kong XL, Ke S, Ding XM, Wang SH, Yang MM, Song

JJ, Zhai B, Nin CM, Guo SG, Xin ZH, Lu J, Dong YH, Zhu HQ, Sun WB

ORIGINAL ARTICLE
Basic Study
7087 Detection of KRAS G12D in colorectal cancer stool by droplet digital PCR
Olmedillas-Lopez S, Lévano-Linares DC, Auz Alexandre CL, Vega-Clemente L, Leon Sanchez E, Villagrasa A, Ruiz-Tovar J,

Garcia-Arranz M, Garcia-Olmo D

7098  Optimal timing for the oral administration of Da-Cheng-Qi decoction based on the pharmacokinetic and
pharmacodynamic targeting of the pancreas in rats with acute pancreatitis

Zhang YM, Zhu L, Zhao XL, Chen H, Kang HX, Zhao JL, Wan MH, Li J, Zhu L, Tang WF

Retrospective Study
7110  Short- and long-term results of endoscopic ultrasound-guided transmural drainage for pancreatic
pseudocysts and walled-off necrosis

Watanabe Y, Mikata R, Yasui S, Ohyama H, Sugivama H, Sakai Y, Tsuyuguchi T, Kato N

7119  Laparoscopic finding of a hepatic subcapsular spider-like telangiectasis sign in biliary atresia

Zhou Y, Jiang M, Tang ST, Yang L, Zhang X, Yang DH, Xiong M, Li S, Cao GQ, Wang Y

7129  Digestive tract reconstruction using isoperistaltic jejunum-later-cut overlap method after totally
laparoscopic total gastrectomy for gastric cancer: Short-term outcomes and impact on quality of life

Huang ZN, Huang CM, Zheng CH, Li P, Xie JW, Wang JB, Lin JX, Lu J, Chen QY, Cao LL, Lin M, Tu RH, Lin JL

Observational Study
7139  Adalimumab efficacy in enteropathic spondyloarthritis: A 12-mo observational multidisciplinary study

Luchetti MM, Benfaremo D, Ciccia F, Bolognini L, Ciferri M, Farinelli A, Rossini M, Mosca P, Triolo G, Gabrielli A

Raishidenge ~ WJG | www.wjgnet.com 1 October 21, 2017 | Volume 23 | Issue 39 |



World Journal of Gastroenterology

Contents Volume 23 Number 39 October 21, 2017

7150  Presence of columnar-lined esophagus is negatively associated with the presence of esophageal varices in
Japanese alcoholic men

Yokoyama A, Hirata K, Nakamura R, Omori T, Mizukami T, Aida J, Maruyama K, Yokoyama T

7160  Characteristics and outcomes of cholangiocarcinoma by region in Thailand: A nationwide study

Chaiteerakij R, Pan-ngum W, Poovorawan K, Soonthornworasiri N, Treeprasertsuk S, Phaosawasdi K

7168  Expression of annexin A5 in serum and tumor tissue of patients with colon cancer and its clinical significance

Sun CB, Zhao AY, Ji S, Han XQ, Sun ZC, Wang MC, Zheng FC

CASE REPORT
7174  Faecal microbiota transplantation in patients with Clostridium difficile and significant comorbidities as well as
in patients with new indications: A case series

Lahtinen P, Mattila E, Anttila VJ, Tillonen J, Teittinen M, Nevalainen P, Salminen S, Satokari R, Arkkila P

7185  Oval mucosal opening bloc biopsy after incision and widening by ring thread traction for submucosal tumor

Mori H, Kobara H, Guan Y, Goda Y, Kobayashi N, Nishiyama N, Masaki T

7191  Evidence from a familial case suggests maternal inheritance of primary biliary cholangitis

Shin S, Moh IH, Woo YS, Jung SW, Kim JB, Park JW, Suk KT, Kim HS, Hong M, Park SH, Lee MS

LETTERS TO THE EDITOR
7198  Duplicate publication bias weakens the validity of meta-analysis of immunosuppression after transplantation
Fairfield CJ, Harrison EM, Wigmore SJ

Raishidenge ~ WJG | www.wjgnet.com I October 21, 2017 | Volume 23 | Issue 39 |



Contents

World Journal of Gastroenterology
Volume 23 Number 39 October 21, 2017

ABOUT COVER

Editorial board member of World Journal of Gastroenterology, Ilhami Yuksel,
MD, Associate Professor, Gastroenterology, Yildirim Beyazit University School of
Medicine, Ankara 06100, Turkey

AIMS AND SCOPE

World Journal of Gastroenterology (World | Gastroenterol, WJ]G, print ISSN 1007-9327, online
ISSN 2219-2840, DOI: 10.3748) is a peer-reviewed open access journal. WG was estab-
lished on October 1, 1995. It is published weekly on the 7" 14th, 21, and 28" each month.
The WJ]G Editorial Board consists of 1375 experts in gastroenterology and hepatology
from 68 countries.

The primary task of ]G is to rapidly publish high-quality original articles, reviews,
and commentaries in the fields of gastroenterology, hepatology, gastrointestinal endos-
copy, gastrointestinal surgery, hepatobiliary surgery, gastrointestinal oncology, gastroin-
testinal radiation oncology, gastrointestinal imaging, gastrointestinal interventional ther-
apy, gastrointestinal infectious diseases, gastrointestinal pharmacology, gastrointestinal
pathophysiology, gastrointestinal pathology, evidence-based medicine in gastroenterol-
ogy, pancreatology, gastrointestinal laboratory medicine, gastrointestinal molecular biol-
ogy, gastrointestinal immunology, gastrointestinal microbiology, gastrointestinal genetics,
gastrointestinal translational medicine, gastrointestinal diagnostics, and gastrointestinal
therapeutics. WJG is dedicated to become an influential and prestigious journal in gas-
troenterology and hepatology, to promote the development of above disciplines, and to
improve the diagnostic and therapeutic skill and expertise of clinicians.

INDEXING/ABSTRACTING

Waorld Journal of Gastroenterolagy (WJG) is now indexed in Current Contents®/Clinical Medicine,
Science Citation Index Expanded (also known as SciSearch®), Journal Citation Reports”, Index
Medicus, MEDLINE, PubMed, PubMed Central and Directory of Open Access Journals. The
2017 edition of Journal Citation Reports® cites the 2016 impact factor for WJG as 3.365 (5-year
impact factor: 3.176), ranking ]G as 29" among 79 journals in gastroenterology and hepatol-
ogy (quartile in category Q2).

FLYLEAF I-IX

Editorial Board

EDITORS FOR
THIS ISSUE

Responsible Assistant Editor: Xiang Li
Responsible Electronic Editor: Yan Huang
Proofing Editor-in-Chief: Lian-Sheng Ma

Responsible Science Editor: Ze-Mao Gong
Proofing Editorial Office Director: Jin-Iei Wang

NAME OF JOURNAL
World Journal of Gastroenterology

ISSN
ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

LAUNCH DATE
October 1, 1995

FREQUENCY
Weekly

EDITORS-IN-CHIEF

Damian Garcia-Olmo, MD, PhD, Doctor, Profes-
sor, Surgeon, Department of Surgery, Universidad
Autonoma de Madrid; Department of General Sur-
gery, Fundacion Jimenez Diaz University Hospital,
Madrid 28040, Spain

Stephen C Strom, PhD, Professor, Department of
Laboratory Medicine, Division of Pathology, Karo-
linska Institutet, Stockholm 141-86, Sweden

Andrzej S Tarnawski, MD, PhD, DSc (Med),
Professor of Medicine, Chief Gastroenterology, VA
Long Beach Health Care System, University of Cali-
fornia, Irvine, CA, 5901 E. Seventh Str., Long Beach,

CA 90822, United States http:/ /www.wjgnet.com
EDITORIAL BOARD MEMBERS

All editorial board members resources online at http://
www.wignet.com/1007-9327/editorialboard.htm

PUBLICATION DATE
October 21, 2017

COPYRIGHT

EDITORIAL OFFICE © 2017 Baishideng Publishing Group Inc. Articles pub-

Jin-Lei Wang, Director

Yuan Qj, Vice Director

Ze-Mao Gong, Vice Director
World Journal of Gastroenterology
Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501,
Pleasanton, CA 94588, USA
Telephone: +1-925-2238242

Fax: +1-925-2238243

E-mail: editorialoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk
http:/ /www.wjgnet.com

PUBLISHER

Baishideng Publishing Group Inc

7901 Stoneridge Drive, Suite 501,

Pleasanton, CA 94588, USA

Telephone: +1-925-2238242

Fax: +1-925-2238243

E-mail: bpgoffice@wijgnet.com

Help Desk: http://www.f6publishing.com/helpdesk

lished by this Open-Access journal are distributed under
the terms of the Creative Commons Attribution Non-
commercial License, which permits use, distribution,
and reproduction in any medium, provided the original
work is properly cited, the use is non commercial and is
otherwise in compliance with the license.

SPECIAL STATEMENT

All articles published in journals owned by the Baishideng
Publishing Group (BPG) represent the views and opin-
ions of their authors, and not the views, opinions or
policies of the BPG, except where otherwise explicitly
indicated.

INSTRUCTIONS TO AUTHORS
Full instructions are available online at http://www.
wignet.com/bpg/gerinfo/204

ONLINE SUBMISSION
http:/ /www.f6publishing.com

JRaishideng®

WIJG | www.wjgnet.com

1

October 21,2017 | Volume 23 | Issue 39 |




W J

World Journal of
Gastroenterology

Submit a Manuscript: http:/ /www.f6publishing.com

DOI: 10.3748 /wjg.v23.i39.7059

World | Gastroenterol 2017 October 21; 23(39): 7059-7076

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

REVIEW

Less common etiologies of exocrine pancreatic insufficiency

Vikesh K Singh, Mark E Haupt, David E Geller, Jerry A Hall, Pedro M Quintana Diez

Vikesh K Singh, Division of Gastroenterology, Johns Hopkins
University School of Medicine, Baltimore, MD 21287, United
States

Mark E Haupt, Medical Affairs, AbbVie Inc., North Chicago, IL
60064, United States

David E Geller, Cystic Fibrosis Clinical Development, AbbVie
Inc., North Chicago, IL 60064, United States

Jerry A Hall, CREON® Clinical Development, AbbVie Inc.,
North Chicago, IL 60064, United States

Pedro M Quintana Diez, CREON" Development, AbbVie Inc.,
North Chicago, IL 60064, United States

Author contributions: Singh VK, Haupt ME, Geller DE, Hall
JA and Quintana Diez PM designed the “search terms” of the
literature review, analyzed the data, and summarized the findings;
all authors critically reviewed and revised the manuscript, and
approved the final version of the article, including the authorship
list.

Conflict-of-interest statement: Singh VK is a consultant for
Ariel, Kowa, Novo Nordisk, and AbbVie; he has been an advisory
board participant for Akcea and Nordmark; Geller DE and Hall
JA are employees of AbbVie and may own AbbVie stock and/or
options; Haupt ME and Quintana Diez PM are former employees
of AbbVie and may own AbbVie stock and/or options.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Unsolicited manuscript

Correspondence to: Vikesh K Singh, MD, MSc, Associate
Professor of Medicine, Division of Gastroenterology, Johns
Hopkins University School of Medicine, 1830 E Monument
Street, Room 436, Baltimore, MD 21287,

United States. vsingh1(@jhmi.edu

Baishidenge ~ WJG | www.wjgnet.com

Telephone: +1-410-6146708
Fax: +1-410-6147631

Received: September 7, 2016
Peer-review started: September 10, 2016
First decision: October 10, 2016
Revised: May 27, 2017

Accepted: June 1, 2017

Article in press: June 1, 2017

Published online: October 21, 2017

Abstract

Exocrine pancreatic insufficiency (EPI), an important
cause of maldigestion and malabsorption, results
from primary pancreatic diseases or secondarily im-
paired exocrine pancreatic function. Besides cystic
fibrosis and chronic pancreatitis, the most common
etiologies of EPI, other causes of EPI include un-
resectable pancreatic cancer, metabolic diseases
(diabetes); impaired hormonal stimulation of exocrine
pancreatic secretion by cholecystokinin (CCK); celiac
or inflammatory bowel disease (IBD) due to loss of
intestinal brush border proteins; and gastrointestinal
surgery (asynchrony between motor and secretory
functions, impaired enteropancreatic feedback, and
inadequate mixing of pancreatic secretions with food).
This paper reviews such conditions that have less
straightforward associations with EPI and examines
the role of pancreatic enzyme replacement therapy
(PERT). Relevant literature was identified by database
searches. Most patients with inoperable pancreatic
cancer develop EPI (66%-92%). EPI occurs in patients
with type 1 (26%-57%) or type 2 diabetes (20%-36%)
and is typically mild to moderate; by definition, all
patients with type 3c (pancreatogenic) diabetes
have EPI. EPI occurs in untreated celiac disease
(4%-80%), but typically resolves on a gluten-free
diet. EPI manifests in patients with IBD (14%-74%)
and up to 100% of gastrointestinal surgery patients
(47%-100%; dependent on surgical site). With the
paucity of published studies on PERT use for these
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conditions, recommendations for or against PERT use
remain ambiguous. The authors conclude that there
is an urgent need to conduct robust clinical studies
to understand the validity and nature of associations
between EPI and medical conditions beyond those with
proven mechanisms, and examine the potential role for
PERT.

Key words: Celiac disease; Inflammatory bowel disease;
Exocrine pancreatic insufficiency; Malabsorption;
Epidemiology; Pancreas; Pancreatic cancer; Secretion/
absorption; Surgery

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Exocrine pancreatic insufficiency (EPI) results
from primary pancreatic diseases or secondarily im-
paired exocrine pancreatic function. Pancreatic enzyme
replacement therapy (PERT) may prevent serious
nutritional complications when such patients have
symptomatic EPI. However, EPI may be more prevalent
in patients with non-pancreatic diseases, diabetes, and
pancreatic cancer than has generally been appreciated.
Scant published evidence on EPI in these less
common etiologies precludes firm recommendations
on management. Robust clinical studies are urgently
needed to understand the relationships between EPI
and medical conditions beyond those with proven
mechanisms, and examine the potential role for PERT.

Singh VK, Haupt ME, Geller DE, Hall JA, Quintana Diez PM.
Less common etiologies of exocrine pancreatic insufficiency.
World J Gastroenterol 2017; 23(39): 7059-7076 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i39/7059.htm
DOI: http://dx.doi.org/10.3748/wjg.v23.139.7059

INTRODUCTION

The pancreas is a dual function organ that possesses
both exocrine and endocrine components that are
critical for the digestion, absorption, and metabolism
of nutrients. Normal digestion requires the exocrine
function of the pancreas for macronutrient digestion.
This occurs primarily via enzymatic hydrolysis by
pancreatic enzymes, in particular lipase, amylase,
and proteases (trypsin and chymotrypsin)™. Exocrine
pancreatic insufficiency (EPI) refers to the presence of
maldigestion and malabsorption of nutrients and is a
consequence of primary loss of functional parenchyma
and/or secondarily impaired exocrine pancreatic
function and insufficient pancreatic enzyme activity.
EPI is sometimes defined simply as an enzyme output
less than 10% of that necessary to sustain normal
digestion; however, there is no consensus in the
literature on the definition of EPI. Furthermore, the
clinical presentation of EPI can vary widely depending
on the underlying cause, as well as disease stage, diet,

Baishidenge ~ WJG | www.wjgnet.com

and other factors.

EPI is most commonly caused by diseases that
destroy the pancreatic parenchyma, such as chronic
pancreatitis and cystic fibrosis, as well as pancreatic
resection™?, The incidence of EPI in chronic pancreatitis
ranges from 30% of patients with mild disease to
85% with severe disease!®. Approximately 85% of
infants with cystic fibrosis have EPI at birth™. However,
EPI is also observed in other conditions that include
unresectable pancreatic cancer; metabolic diseases
(diabetes mellitus)™; impaired hormonal stimulation
of exocrine pancreatic secretion by cholecystokinin
(CCK); celiac disease or inflammatory bowel disease
(IBD) due to loss of intestinal brush border proteinst™*;
small intestinal bacterial overgrowth®®, although
not all investigators have found a clear association'”’;
impaired coordination between motor and secretory
functions (asynchrony); impaired enteropancreatic
feedback, and/or inadequate mixing of pancreatic
juices with ingested food after gastrointestinal surgery;
and other diseases that affect the pancreas, such as
hemochromatosis™®! (Tables 1 and 2)!*2,

In this publication, we first briefly review the
diagnosis of EPI and management with pancreatic
enzyme replacement therapy (PERT). Most knowledge
about EPI comes from studies in patients with chronic
pancreatitis or cystic fibrosis, and has already been
thoroughly explained in previous reviews. Therefore,
our article focuses on several other disease states for
which the association with EPI is less straightforward,
such as inoperable pancreatic cancer, diabetes mellitus,
celiac disease, IBD, and gastrointestinal surgery.
Finally, we summarize the limited available data on
PERT for the treatment of patients with EPI due to
these less common etiologies.

LITERATURE SEARCHES

Searches of BIOSIS Previews, Derwent Drug File,
Embase, Embase Alert, International Pharmaceutical
Abstracts, MEDLINE, and SciSearch were performed
to identify eligible literature from the earliest available
date to December 5, 2016. The search terms for
EPI were “EPI” or “exocrine pancreatic insufficiency”
or “maldigestion” or “malabsorption” or “nutritional
deficiency” or “steatorrhea” or “(fat* or oil* or
elastase) pre/2 (stool* or fece* or fecal)” or “pancreatic
near/3 (function or test)” with the terms NOT “chronic
pancreatitis” or “cystic fibrosis”. For pancreatic
cancer, the search included the following terms:
“pancreatic cancer” or “pancreatic adenocarcinoma” or
“pancreatic tumor”. For diabetes mellitus, the search
strategy included “diabetes” and “type 1” or “IDDM”
or “insulin-dependent” or “type 2” or “"NIDDM"” or
“noninsulin-dependent” or “type 3” or “type 3c” or
“type I"” or “pancreatogenic”. For celiac disease, the
search included “celiac disease” or “celiac*”. For IBD,
the search strategy included “inflammatory bowel
disease” or “ibd” or “Ulcerative Colitis” or “Crohn*”
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Table 1 Causes of exocrine pancreatic insufficiency

Definite association with EPI
Chronic pancreatitis
Pancreatic tumor/cancer
Cystic fibrosis
Pancreatic resection
Pancreatic hemochromatosis
Mechanisms associated with EPI not fully identified
Type 1 and 2 diabetes
Type 3c (pancreatogenic) diabetes
Gastrointestinal diseases
Celiac disease
Inflammatory bowel disease
Crohn’s disease
Ulcerative colitis
Gastrointestinal surgery
Aging

EPI: Exocrine pancreatic insufficiency.

or “Crohn Disease”. For gastrointestinal surgery, the
search strategy included “gastrointestinal surgery”
or “digestive system surgical procedures” or [(post
or surg*) near/5 (“gastr*” or “bariatric” or “duodenal
switch” or “biliopancreatic diversion”)] or “bariatric
surger*” or “gastrectom*” or “gastric bypass” or
“stomach bypass”. Reviews, practical guidelines,
letters, editorials, and articles were evaluated. The
searches returned 582 hits, from which 163 published
articles were initially selected. Subsequently, articles
were selected based on their clinical relevance, and
additional papers were found after a review of the
reference lists of these articles. Only a few were
designed as prospective controlled studies with clearly
defined methodology; this underscores the lack of
data to support associations and mechanisms relevant
to the conditions explored.

DIAGNOSIS OF EPI

Patients with EPI may exhibit a wide variety of
clinical symptoms and nutritional deficiencies (Table
3). Clinical symptoms associated with EPI include
steatorrhea (large-volume, foul-smelling stools),
diarrhea, weight loss, flatulence, and abdominal pain.
EPI may be diagnosed when fecal fat excretion is >
7 g/d on a 100-g fat/d diet. In EPI, fat malabsorption
often develops prior to protein and carbohydrate
malabsorption because lipase has a higher susceptibility
to intraluminal denaturation and proteolytic destruction
compared with other enzymes™®*". Furthermore, the
deficiency in pancreatic lipase cannot be compensated
by gastric lipase, the only other lipolytic enzyme in
adult humans'?, Because the exocrine pancreas has
a large functional reserve capacity, clinical symptoms
may not manifest until exocrine pancreatic function
is < 10% of normal™. Untreated malabsorption
places patients at high risk for developing nutritional
deficiencies™, which can manifest as other health
problems, including decreased bone mineral den-
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sity resulting in osteoporosis or osteomalacial***"?;

bone metabolism deficiencies and muscle spasms;
impaired night vision and decreased immune com-
petence®'®*%); coagulation problems™®; and ataxia
and peripheral neuropathy!®!, Additionally, EPI has
been associated with high morbidity and mortality
secondary to malnutrition-related complications and
an increased risk of cardiovascular events®®”.,

In routine clinical practice, EPI may be difficult to
diagnose, particularly in the early stages when patients
are less symptomatic. Often patients make dietary
modifications to reduce symptoms. Patients may have
low serum levels of fat-soluble vitamins, micronutrients,
and lipoproteins!. Severe symptomatic EPI can be
diagnosed by the presence of steatorrhea, diarrhea,
flatulence, or weight loss'*?, which often manifest
when fecal fat excretion is > 7 g/d (Table 4). Early
diagnostic studies relied on direct pancreatic function
tests (i.e., those involving collection and analysis of
secretions directly from the duodenum or pancreatic
duct, including the secretin-pancreozymin and Lundh
tests?), which remain the most sensitive and specific
methods for assessing exocrine pancreatic function.
Direct tests, however, are limited by their cost,
duration, and invasive nature, which involve endoscopic
aspiration or tube aspiration of secretions from the
duodenum for several hours. During the past 20 years,
the use of non-invasive indirect methods has become
more common. These tests are more readily performed
in multiple settings and are based on the measurement
of fecal elastase and fecal fat™***¥,

The coefficient of fat absorption is the gold standard
for diagnosing fat maldigestion; however, it is poorly
accepted by patients and laboratory personnel because
it requires a strict diet containing 100 g of fat daily for
5 d and collection of all feces for the last 3 d (classical
Van de Kamer test)?, In addition, fat excretion > 7
g/d indicates steatorrhea but is not informative about
whether this is due to EPI or extrapancreatic causes.
Fecal elastase is a pancreatic enzyme that is stable
during passage through the gastrointestinal tract;
some consider its measurement as the new gold
standard for EPI diagnosis'?. However, the current
cutoffs that are used to define EPI might be improved if
the cutoff were reduced to 128 pg/g stool® or 84 ng/
g stool®, For better sensitivity, formed stool samples
are best, as loose samples may spuriously dilute and
lower the elastase levels and give a false positive
result'’®?¥, Fecal elastase, measured by enzyme-
linked immunosorbent assay, has a good sensitivity
for moderate EPI (75%) and high sensitivity for severe
EPI (95%), and has a higher specificity (79%-96%)
compared with the direct tests™®”), It should be noted
that decreased fecal elastase values have been
reported in patients with conditions not typically
associated with EPI, such as HIV infection (23%-54%),
advanced renal disease (10%-48%), and irritable
bowel syndrome (6%)"®. It is commonly accepted
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Table 2 Factors involved with exocrine pancreatic insufficiency in different medical conditions

[1,16,77,78,107,129,131,133,143,144,152-154,164]

Mechanism involved Pancreatic cancer Diabetes mellitus  Celiac disease IBD Gl surgery
Normal pancreas \/ ~ N N
Abnormal pancreas v + N N

Low or absent pancreatic enzyme production v y v N N
Lack of stimulus for pancreatic enzyme production \ \/ \
Postcibal asynchrony ~ N N N y
Pancreatic or biliary tract abnormalities y \/ V

GI malabsorption N N J

EPI: Exocrine pancreatic insufficiency; GI: Gastrointestinal; IBD: Inflammatory bowel disease.

Table 3 Common signs and symptoms of exocrine pancreatic insufficiency

[1,14-16,18,19,22]

Sign/symptom

Associated findings

Excessive flatulence
Steatorrhea
Malnutrition
Vitamin D deficiency
Vitamin K deficiency
Vitamin A deficiency
Vitamin E deficiency
Hypocalcemia
Hypoalbuminemia

Abdominal bloating or distension, cramps, belching
Fatty, bulky stools; increased bowel movements

Weight loss, anorexia, fatigue

Deficient bone mineralization, osteomalacia, osteoporosis
Coagulation abnormalities, ecchymoses, bone metabolism deficiencies
Night blindness, decreased immune competence

Ataxia and peripheral neuropathy

Muscle spasms, osteomalacia, osteoporosis

Nail leukonychia

that a fecal elastase-1 level < 200 pg/g stool indicates
EPI, with levels of 100 to 200 pg/g typically indicating
mild to moderate impairment and levels < 100 pg/g
reflecting severe impairment™® >, Fecal elastase
testing is considerably more sensitive than the fecal
chymotrypsin or PABA test and is the standard clinical
marker for moderate to severe EPIP®*?!. However,
there is poor correlation between fecal elastase levels
and coefficient of fat absorption, making fecal elastase
less attractive for clinical research and regulatory
purposest™. Additionally, because fecal elastase values
are unaffected by PERT, enzymes do not need to be
stopped before testing; unfortunately, this also means
that fecal elastase testing is ineffective for monitoring
response to PERT, unlike direct measurement of fat
absorption™,

Although not widely available, other tests for
the diagnosis of EPI include the *C-mixed triglyce-
ride (**C-MTG) breath test and secretin-enhanced
diffusion-weighted magnetic resonance cholangiopan-
creatography imaging (MRCP). In the C-MTG test,
the patient ingests a small amount of “C-marked
triglycerides which are degraded by lipases in the
intestine to *C-marked fatty acids. The absorbed *C
fatty acids are metabolized by the liver, and *CO: is
exhaled™. Lower lipase activity is associated with less
3CO: in the exhaled breath. This test can also be used
to assess the effects of PERT"”), Pancreatic exocrine
function can also be assessed by changes in duodenal
filling, pancreatic duct caliber, and accumulation of fluid
in the pancreatic parenchyma, as monitored by MRCP
following stimulation with exogenous secretin®**,
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7062

PERT

PERT is the backbone of EPI treatment. Patients with
abnormal fecal fat excretion, steatorrhea, and/or
weight loss are generally considered candidates for
PERT!®!, The aims of PERT are to compensate for
deficiencies in endogenous enzyme secretion, correct
maldigestion and malabsorption, and ameliorate
symptoms resulting from a loss of exocrine function.
To achieve this, the enzymatic activity delivered into
the duodenum in conjunction with gastric emptying
must be sufficient to optimize digestion and nutrient
absorption!l. A main goal of PERT is to restore
sufficient intestinal lipase levels!**). Unprotected lipase
is irreversibly inactivated in the acidic environment
of the stomach (pH < 4). Consequently, inhibition
of gastric acid secretion has been used to prevent
lipase inactivation. Modern preparations consist of
pancreatic enzymes encapsulated in microspheres
or microgranules, with an enteric coating designed
to release the enzymes into the pH-neutral environ-
ment of the intestinal lumen™®. A number of porcine
lipase preparations are approved for PERT*!, and
the reader is referred to publications from national
and professional organizations for recommended
dosages!®***"! Replacement of protease and amylase
is also important in EPI, where some of its symptoms
relate to deficiency of these two enzymes, as well.
Pancrelipase of porcine origin contains the three
enzymes (lipase, protease, and amylase) in adequate
ratios to treat EPI.

In randomized controlled trials, PERT improved
the coefficient of fat absorption, clinical symptoms,
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Table 4 Symptoms and tests used in the diagnosis of exocrine

pancreatic insufficiency™'4?*24

Clinical symptoms

Steatorrhea

Diarrhea

Flatulence

Weight loss

Laboratory findings

Fecal fat > 7 g/d on a 100-g fat/d diet
Inconvenient; special high-fat diet and prolonged collection of feces
Considered gold standard
An abnormal coefficient of fat absorption is not specific for EPI

Fecal elastase-1 level < 200 pg/g stool; < 100 pg/ g stool = severe EPI
Simple, convenient, and widely available
Measured on a random stool sample
Liquid stools may lead to falsely low results due to dilution
Less accurate in mild stages of disease

Positive qualitative fecal fat (Sudan IIl) staining
Special high-fat diet
Less accurate; semi-quantitative microscopic method
Insensitive for mild disease

Fecal chymotrypsin < 6 U/g stool
Less sensitive than fecal elastase for mild EPI

Fluorescein dilaurate (pancreolauryl test)
Easy to perform
Not widely available

C-mixed triglyceride breath test
Well established
Not widely available

Imaging/endoscopy
Pancreatic duct dilatation
Main pancreatic duct calculi
Endosonographic criteria of chronic pancreatitis
Secretin-enhanced diffusion-weighted magnetic resonance
cholangiopancreatography imaging
New
Not widely available

EPI: Exocrine pancreatic insufficiency.

and quality of life (QoL) of patients with EPI and
significantly slowed gastric emptying™**“®. Patients
with EPI experienced a reduction in stool frequency
and fat/water content, as well as abdominal pain
and flatulence!”). PERT is generally well tolerated;
treatment-emergent adverse events include headache,
infection, abdominal pain, flatulence, diarrhea, and
dyspepsia*>*“*°!, However, because only porcine PERT
products are currently available, allergic reactions,
including anaphylactic shock, could potentially occur.
Furthermore, fibrosing colonopathy, a rare but serious
complication, has been reported in children™ and
adults®*! with cystic fibrosis receiving high-dose PERT,
but there have been no reports in subjects with chronic
pancreatitis.

PANCREATIC CANCER AND EPI

Pancreatic cancer ranks fourth among cancer-related
deaths in the United States and has a 5-year survival
rate of 7.2%%"%*>*, This review focuses on inoperable
pancreatic cancer, as the relationship between pan-
createctomy and EPI is already well-recognized. EPI
in patients with pancreatic cancer is related to the
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loss of pancreatic parenchyma and/or obstruction
of the main duct, which impedes the production of
pancreatic enzymes or their transportation into the
duodenum. The most important predictors for EPI
are localization of the tumor to the pancreatic head,
= 90% destruction of normal tissue, degree of ductal
obstruction, and surgical loss of pancreatic tissue™**>*,
The severity of ductal obstruction is proportional to
the length of the obstructed duct; hence, enzyme
secretion decreases as the cancer spreads distally,
from head to body to tailt****".,

The reported occurrence of malabsorption and
exocrine dysfunction varies between 66% and 92%
of patients with pancreatic cancer®**®*", with 65%
to 75% of patients experiencing fat malabsorption
and 50% of patients experiencing some degree of
protein malabsorption®®®!, In a prospective study of
patients with an inoperable tumor of the pancreatic
head region, 66% had EPI at diagnosis and 92% had a
fecal elastase level < 200 pg/g by the 6-mo follow-up;
77% of patients were being treated with PERT™.. In a
systematic review, the prevalence of EPI was 25% to
50% in patients with advanced pancreatic cancer who
did not undergo resection®”. Although EPI is usually
moderate in severity'®", in a prospective study, Partelli
et al*" detected extremely reduced (fecal elastase <
20 pg/q) in 25%, severely reduced (> 20 to < 100 pg/g)
in 14%, and moderately reduced exocrine pancreatic
secretion (= 100-200 ug/g) in 11% of patients with
advanced pancreatic cancer®. Pancreatic function
abnormality seems to be higher in patients with
tumors located in the pancreatic head versus in the
body or tail®"®®., Furthermore, in a prospective study,
significantly more patients with a pancreatic head
tumor had extremely reduced exocrine pancreatic
secretion (fecal elastase < 20 ug/g) versus patients
with a body or tail tumor; notably, a significant
correlation was found between extremely reduced
exocrine pancreatic secretion and poor survival.

Several studies have also reported inadequate
enzyme secretion (trypsin, lipase, amylase, elastase,
and chymotrypsin) in patients with pancreatic cancer
compared with healthy controls®>**®!, Elastase
production may be reduced earlier and to a greater
extent compared with the output of other enzymes,
for unknown reasons'®”. Additionally, fecal amylase
activity was significantly decreased in pancreatic
cancer patients compared with healthy controls®,

PANCREATIC CANCER AND PERT

Approximately 80% to 90% of patients with pancreatic
cancer have unresectable or advanced metastatic
disease, leaving only palliative treatment options
to manage symptoms®®. Gastrointestinal and diet
management problems negatively impact patients’
QoL consequently, early treatment of EPI has been
suggested to reduce symptoms™ and to improve
weight gain and fat absorption in patients with
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pancreatic cancer’®®®, The National Comprehensive
Cancer Network has advised that PERT be given to
patients with pancreatic cancer who show symptoms
of EPI"®. Other organizations have noted that PERT
may help maintain weight and promote QoL in patients
with pancreatic cancert*®,

The recommendations for PERT use in pancreatic
cancer patients were made despite a paucity of data
to support them. Only two randomized placebo-
controlled trials have investigated the use of PERT in
pancreatic cancer (Table 5). In a double-blind trial of
21 patients with unresectable cancer of the pancreatic
head, patients treated with 50000 units of lipase/meal
gained 1.2% in body weight in 8 wk, while those
receiving placebo lost 3.7%!®®. Fat absorption also
improved by 25% with PERT, whereas it dropped by
25% with placebo. Steatorrhea did not significantly
differ between groups; however, there was a trend for
lower stool frequency in patients receiving PERT. When
patients receiving placebo were switched to open-
label PERT, they demonstrated weight stabilization and
improvements in steatorrhea-related symptoms. In
a double-blind, placebo-controlled study in patients
with unresectable pancreatic cancer (43% had severe
EPI, defined as fecal elastase-1 < 100 pg/g stool),
mean weight loss after 8 wk of PERT (-1.49%) was
not significantly different compared with placebo
(-2.99%)"%. However, PERT did improve nutritional
status in a subset of patients with unresectable can-
cer of the pancreatic head region. Additionally, in
an uncontrolled study of patients with unresectable
pancreatic cancer, patients with moderate to severe
fat or protein malabsorption showed improved nutrient
absorption with PERT™”,

DIABETES MELLITUS AND EPI

Type 1 diabetes is considered a primary autoimmune
process characterized by typically early onset,
an eventual absolute lack of insulin, and islet cell
antibodies”. Type 2 diabetes is a metabolic disorder
characterized by hyperglycemia in the context of
insulin resistance and a relative lack of insulin?*.
A third type of diabetes, type 3c or pancreatogenic
diabetes”*”?, occurs secondary to parenchymal
pancreatic disease and is characterized by an absent
pancreatic polypeptide response to nutrients and
loss of islet cells by inflammatory destruction and
fibrosis"*”*!, The relationship between EPI and diabetes
is complex due to the close anatomic and physiologic
linkages between the exocrine and endocrine
pancreas; pathological conditions of the endocrine
tissue can cause impairment of exocrine function and
vice versa. Furthermore, depending on the particular
diagnostic tests that are used, there is the chance of
inadvertently classifying type 3c diabetes as type 1 or 2,
confounding understanding of their relative prevalence
and relationship to EPI.
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Type 1 and type 2 diabetes

Marked alterations in the exocrine pancreas are
observed in patients with diabetes, including changes
in size, morphology, and histology®!. No studies
have examined at what point during the course of
diabetes these pancreatic abnormalities develop.
Diabetic pancreata are often atrophic and can have
prominent fatty involutions and calcification!””7%,
Atrophy is more pronounced in type 1 vs type 2
diabetes”*®, Moreover, the pancreata of diabetic
patients are significantly smaller and have higher
lobulation compared with healthy controls”®®%, In
a cadaveric study, the mean weight of pancreata in
type 1 diabetic patients weighed about a half of that
of controls®, while magnetic resonance imaging
studies in adults with recent-onset diabetes found
only a 26% to 31% reduction in pancreatic volume
index after adjustment for body weight compared with
healthy controls®®®%, Additionally, pancreatic volume in
diabetic patients was significantly lower when elastase
and/or chymotrypsin levels were low!”). Atrophy of
the gland and acini, lymphocytic infiltration, moderate
to severe fibrosis, and fatty changes were noted on
autopsy in the exocrine pancreas of Japanese patients
with diabetes™.

EPI associated with diabetes is typically mild to
moderate and not associated with overt steatorrhea.
The prevalence of EPI is higher in type 1 diabetes
(26%-57%)"***) compared with type 2 diabetes
(20%-36%)"*%>%%8) significantly so in a pooled litera-
ture analysis of 3662 patients with diabetes (39% vs
28%, respectively, using a cutoff of fecal elastase 200
ng/g stool; P < 0.00001)"®. Severe reductions in fecal
elastase levels (< 100 ug/g) have been observed in
11% to 30% of patients with type 1 diabetes®™ ! and
3% to 20% of patients with type 2 diabetes!®#88592],
Notably, in a large screening study of diabetic patients,
correlations between exocrine insufficiency and early
onset/longer duration of diabetes, insulin use, and lower
body mass index (BMI) have been demonstrated™®,
Fecal elastase levels have also been found to correlate
with worse glycemic control, less residual p-cell function,
and higher BMI®**%,

Fecal fat excretion inversely correlates with fecal
elastase levels in type 1 diabetes; however, excessive
fecal fat excretion occurred in 22% of patients with
normal fecal elastase levels™. In a cohort of diabetics
with fecal elastase levels < 100 pg/g, 59% of patients
excreted = 7 g of fat per day®®. Interestingly, 45% of
type 1 diabetics with pathological fat excretion were
asymptomatic in one prospective study™®. Fecal fat
excretion did not correlate with the type or duration of
diabetes, age at onset, glycemic control, or BMI®**,
The prevalence of EPI was 33% using the direct
secretin-cerulein test in patients with type 1 diabetes;
among patients with an abnormal secretin-cerulein
test result and steatorrhea (n = 8), 50% had decr-
eased lipase but none had an enzyme secretion level
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Table 5 Pancreatic enzyme replacement therapy clinical trials

Study Study design, duration (when Disease Results Adverse effects
given), and number of patients
Bruno et al'*” DBRPC, 8 wk, 24 adults (21 Pancreatic The mean absolute difference for PERT vs placebo  No treatment-related AEs
analyzed) cancer in percentage change in body weight was 4.9% (P =
0.02); other outcomes were numerically improved
with PERT vs placebo [fat absorption coefficient, 12%
increase vs 8% decrease (P = 0.13); stool frequency,
decrease of 1/d vs increase of 2/d (P = 0.07)]
Woo et al™ DBRPC, 8 wk, 67 adults Pancreatic The mean change in body weight at 8 wk was Three patients died [PERT
cancer similar with PERT vs placebo (-1.49% vs -2.99%; P group, 2/34 (6%); placebo
= 0.381), but the mean change in nutritional status group, 1/33 (3%)]
was superior with PERT vs placebo in the subset of There were no PERT-
patients with cancer of the pancreatic head (PG-SGA related serious AEs
score, -42.65% vs 32.93%; P = 0.039)
Perez et al'™" Open-label, 12 adults Pancreatic Most patients with moderate to severe fat (6/7)  No descriptions regarding
cancer or protein (3/3) malabsorption improved, but no TEAEs
patients with mild fat or protein (0/8) malabsorption
improved
Ewald et al"*” DBRPC, 16 wk, 80 adults Type 1 diabetes  No significant change in HbAu, fasting glucose, or TEAEs occurred in 33
postprandial glucose; increase in mean vitamin D patients (84.6%) in PERT
from baseline to week 16 (PERT, from 54.1t0 59.4  group and in 35 (85.4%) in
nmol/L; placebo, 60.2 to 62.7 nmol/L) PBO group; most frequent
AEs were headache,
infection, pain, diarrhea,
and dyspepsia
Carroccio et al™ DBRPC, 2 mo, 40 children Celiac disease  Significant mean + SD weight gain in first 30 d (1131 No undesired side effects

Evans et al™! Open-label, up to 4 yr, 20 adults  Celiac disease

Leeds et al"™ Open-label, up to 2 yr, 20 adults  Celiac disease

reduction in median stool frequency from 4/d to 1/d

Huddy et al™® Open-label, 10 adults Esophagectomy
Armbrecht et al™ DBRPC crossover trial, 2 wk Total
(plus 1-wk washout), 15 adults ~ gastrectomy
Hillman et ™! Open-label, 6 mo, 30 adults Partial
gastrectomy
Brégelmann et al™*" DBRPC, 14 d, 52 adults Total
gastrectomy

+461 g with PERT vs 732 + 399 g with placebo; P <
0.006), not significant at 60 d

Significant increase in fecal elastase from median of No descriptions regarding
90 nug/g to 365 nug/g (P < 0.0001) and improvement TEAEs

in chronic diarrhea with reduction in median stool

frequency from 4/d to1/d (P < 0.0001), but no
weight increase (P = 0.3)

Significant improvement in chronic diarrhea with ~ No descriptions regarding
TEAEs

were reported

(P < 0.0001), but no weight increase (P = 0.3)
Improvement in diarrhea and steatorrhea (9/10),
increased weight (7/10)

Improved stool consistency (score, 7.6 with PERT ~ No descriptions regarding

vs 9.3 with placebo; P < 0.05), but not the number of TEAEs
bowel movements or abdominal symptoms
Mean + SE weight gain of 6.73 + 0.77 (P < 0.001),
mean * SE decrease in steatorrhea of 49.7% + 7.7%
(P <0.001)
Improvement of overall well-being (15/23 with
PERT vs 6/24 with placebo; P = 0.006), but no
improvement of specific symptom

Nausea in 1 patient

No descriptions regarding
TEAEs

No descriptions regarding
TEAEs

AE: Adverse event; DBRPC: Double-blind, randomized, placebo-controlled; GIP: Gastric inhibitory polypeptide; GLP-1: Glucagon-like peptide-1; HbAuc:
Glycated hemoglobin Aic; PBO: Placebo; PERT: Pancreatic enzyme replacement therapy; PG-SGA: Patient-generated subjective global assessment; TEAE:

Treatment-emergent AE.

< 10% of normal, which is typically when steatorrhea
manifests®. In the same study, the fecal elastase
test had low sensitivity (36%-55%) and specificity
(59%-77%) to reproduce the secretin-cerulein test
results; the authors concluded that low fecal elastase
levels do not reliably indicate EPI in type 1 diabetes.
Secretory abnormalities have been noted in dia-
betics®® %, Frier et al®® observed reductions in exo-
genously stimulated secretion of amylase (66%) and
trypsin (54%) in type 1 diabetics, and the degree
of dysfunction correlated with disease duration in a
small controlled study. Bicarbonate output was also
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significantly reduced and showed a significant inverse
correlation with the daily insulin dosage in patients
with a disease duration < 10 years. Furthermore,
hyperglucagonemia, which is observed in some type 2
diabetic patients, is associated with a marked inhibition
of pancreatic enzyme output, including lipase, amy-
lase, and trypsin®”), Increased somatostatin, also
found in some diabetic patients, dose-dependently
inhibits secretion of pancreatic bicarbonate, amylase,
and trypsin®® %,

Several theories have been proposed to explain
the reduced exocrine function in diabetes, including
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imbalances between stimulatory and inhibitory islet
hormones, pancreatic atrophy or fibrosis, autonomic
neuropathy, altered release of gastrointestinal regu-
latory mediators, and autoimmunity’®*#1°192 Distyr-
bances in acinar-islet interactions with imbalances
between stimulatory (insulin) and inhibitory (glucagon,
somatostatin) islet hormones are linked to EPI in some
diabetic patients®". Insulin has a trophic effect on the
acinar cells and a stimulatory effect on exocrine enzyme
secretion in animal models and cell cultures, suggesting
that insulin deficiency may play a role in pancreatic
atrophy!'***®!: insulin deficiency in diabetic patients may
lead to pancreatic atrophy™®®*®%, If insulin deficiency
were the primary reason for exocrine dysfunction,
however, then all patients with type 1 diabetes would be
expected to have EPI.

Regulation of pancreatic enzyme elaboration and
secretion depends on gastrointestinal hormones and
local neuronal signalst™®!!. Unsurprisingly, therefore,
autonomic diabetic neuropathy and secondary gastro-
paresis can impair enteropancreatic reflexes, such
as changes in gut peptides, that may mediate as
much as 50% of the postprandial exocrine pancre-
atic response!”>'°'*, Diabetic microangiopathy can
reduce pancreatic perfusion and cause arterial lesions
that can lead to pancreatic fibrosis!'’>*°!, Patients
with type 2 diabetes are also at an increased risk for
biliary disease, which can diminish secretions from the
pancreas''?”), Finally, autoimmune diseases can involve
both the exocrine and endocrine glands, as antibodies
against islet cells can cross-react with acinar cells®".
Autoantibodies against exocrine pancreatic antigens
were detected in 77% of patients with type 1 diabetes,
but were not detected in any patients with type 2
diabetes"®!, In summary, screening for EPI in patients
with type 1 or type 2 diabetes is appropriate when
symptoms suggest pancreatic insufficiency.

Type 3c diabetes

Pancreatogenic or type 3c diabetes occurs secondary
to pancreatic disease, injury, or resection and acc-
ounts for 5% to 10% of the Western diabetic
population®®°1%  Despite the prevalence of type
3c diabetes, the American Association of Clinical
Endocrinologists and American College of Endocrinology
have not formally included it in their guidelines’”?.
The etiologies of type 3c diabetes include chronic pan-
creatitis (76%-79%), pancreatic cancer (8%-9%),
hereditary hemochromatosis (7%-8%), cystic fibrosis
(4%), and post-pancreatic resection (2%-3%)®°,
Furthermore, the prevalence of type 3c diabetes in
chronic pancreatitis is correlated with the degree of
exocrine dysfunction (with a prevalence of 63%, 32%,
and 13% with severe, moderate, and mild dysfunction,
respectively)!!'"), Per diagnostic criteria, all patients
with type 3c diabetes display signs of EPI™?, and this
EPI is more severe compared with that of patients with
type 1 and type 2 diabetes, as demonstrated by lower
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stimulated bicarbonate and trypsin output® and lower
fecal elastase levels™®.

Because of the close anatomical relationship be-
tween exocrine and endocrine cells, type 3c diabetes
may result from progression of the primary pancreatic
exocrine disease that destroys islet cells by pancreatic
inflammation or fibrosis™***¥), Indeed, the impairment
of pancreatic endocrine function in chronic pancreatitis
proceeds in parallel with the destruction and spread
of fibrosis inside islet cells!******'**!Additionally, a-
and B-cell responses were reduced in patients with
autoimmune pancreatitis''*®!. Mechanisms besides
simple islet cell destruction may also be involved, as
even small adenocarcinomas are associated with type
3c diabetes™®.

DIABETES MELLITUS AND PERT

Despite a paucity of clinical data for PERT use in
patients with diabetes, position statements have
stated that symptomatic patients with fecal elastase
levels <100 pg/g may be treated with PERT™'**”) but
should be carefully monitored because of the risk of
disturbances in glucose homeostasis!*'®!. Of course,
increased glucose uptake may reduce the risk of
hypoglycemia®*. There is some evidence that PERT
can improve glucose metabolism by augmenting the
effects of incretins and increasing postprandial insulin
secretion'*®'*1: however, no significant differences
in hemoglobin Alc, fasting glucose, or oral glucose
tolerance test results were observed between patients
with type 1 diabetes treated with PERT and placebo
(Table 5)*,

In summary, there are different gastrointestinal
motility and comorbid conditions in patients with dia-
betes mellitus that may result in EPI or decreased
digestion or absorption of fat and protein. Early EPI is
very difficult to diagnose in diabetic patients, where
the condition appears and progresses insidiously
across years. Although endocrinologists have not
formally recognized type 3c diabetes, most of the
conditions that lead to type 3c diabetes have a well-
known association with EPI and the need for PERT. An
interdisciplinary approach is needed to better define
the possible association of EPI with diabetes and
potential mechanisms, and to separate them from
pancreatic processes that may or may not be related
to diabetes. Furthermore, guidelines are needed to
help clinicians decide when to test diabetic patients for
EPI, and when use of PERT is beneficial.

AGING AND EPI

There are few studies on the effects of aging on
exocrine pancreas function, and most!*****?! but not
all studies™*® have found that EPI appears to increase
with age. For example, in a study of older individuals
(age 60 to > 79 years) without gastrointestinal
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diseases or diabetes, fecal elastase-1 levels correlated
negatively with age and were significantly lower in
individuals > 70 years of age compared with a control
group (age 20-28 years)!"*?. Among subjects over 60
years of age, 21.7% had fecal elastase-1 levels below
200 pg/g stool.

CELIAC DISEASE AND EPI

Celiac disease is an inappropriate T-cell-mediated
reaction to gluten that causes inflammatory injury to
the small intestine; the estimated worldwide preva-
lence is 1% to 2%!***'*1, Diarrhea is common with
celiac disease and is typically attributed to gluten-
related indigestion, malabsorption, and fluid secretion.
The primary treatment is a gluten-free diet, which
usually improves gastrointestinal function, diarrhea,
and weight gain. Nonetheless, 17% to 61% of pa-
tients with treated celiac disease have persistent
diarrheat*'*”), Diagnostic testing of celiac patients
with chronic diarrhea on a gluten-free diet determined
that EPI was present in 12% (based on pancreatic test
or trial of PERT) to 18% (based on steatorrhea and
trial of PERT)"*%2%,

Pancreatic dysfunction occurs in some patients with
celiac disease but is typically transient and normalizes
with a gluten-free diet™**"*%, However, some patients
do have substantially impaired exocrine pancreatic
function, leading to maldigestion, malabsorption,
and malnutrition. Comorbid chronic pancreatitis has
been one possible explanation for these severe
cases, with several publications reporting a higher
incidence of chronic pancreatitis in patients with celiac
disease!"'*, In patients with untreated celiac disease,
the prevalence of EPI (measured and defined by the
fecal elastase test) ranges from 4% to 80%** "%,
Subnormal secretion of at least 1 pancreatic enzyme
was observed in 22% to 33% of patients with untreated
celiac disease!™*****% In a small controlled study,
a significant inverse correlation was demonstrated
between the severity of intestinal damage and fecal
elastase levels in patients with celiac disease!*.
Carroccio et al'**. reported normalization of fecal
chymotrypsin in almost all patients with celiac disease
on a strict gluten-free diet™*®,which speaks to the
functional aspect of EPI due to lack of stimulus rather
than to structural damage. It has been suggested
that impairment of exocrine pancreatic dysfunction is
related to mucosal villous atrophy™?****, and thus can
improve when mucosal regeneration occurs with a
gluten-free diet and other treatmentst****"),

In a single-center study by Rana et a/l**?, 36
patients with celiac disease serologically and his-
topathologically diagnosed were studied with fecal
elastase, endoscopic ultrasound (EUS), and ela-
stography. At study entry, 10 of the patients (28%)
were diagnosed with EPI based on abnormal fecal
elastase levels; 9 (90%) of these patients had villous
atrophy of the duodenum, and 1 patient had a history
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of several episodes of acute pancreatitis. The 10
patients were subjected to a gluten-free diet, and after
3 mo 7 patients had a repeat fecal elastase test that
had normalized in all cases, except for the patient with
prior acute pancreatitis events. Elastography results
were normal in all 8 patients who consented to EUS,
except for the patient with prior acute pancreatitis
events. The authors concluded that EPI, identified
based on fecal elastase levels in adult patients with
celiac disease, may be unrelated to structural changes
in the pancreatic parenchyma and might be reversible
by a gluten-free diet in most patients.

The pathophysiological mechanisms of EPI in celiac
disease may be multifactorial. A primary mechan-
ism could be a defective postprandial response to
intraluminal contents by an atrophic upper intestinal
mucosa with altered synthesis, storage, and/or secretion
of secretin and CCK, which are potent stimulators
of pancreatic secretion. Postprandial plasma CCK
levels were significantly lower in patients with untreat-
ed celiac disease compared with controls and were
significantly correlated with fecal elastase levels™?,
Impaired CCK release leads to reduced pancreatic
stimulation and secretion, postcibal asynchrony between
gastric emptying and gallbladder contraction, and fat
maldigestion!**'*1, Decreased secretin release by the
extensively damaged jejunal mucosa has also been
reported**l. General malnutrition is associated with
defects in pancreatic secretion™*'; consequently, it is not
unexpected that protein malnutrition in celiac disease is
associated with a decrease in pancreatic enzyme output,
as well as structural changes in the pancreas, including
atrophy of acinar cells with fewer secretory granules,
pancreatic fibrosis, and a smaller pancreatic head™***,
One study, however, reported that EPI in celiac disease
may be independent of nutritional status™®!. There
is some evidence for malabsorption of amino acids
in patients with untreated celiac disease™’, which
might contribute to EPI by restricting the substrates for
synthesis of digestive enzymes.

CELIAC DISEASE AND PERT

Pancreatic function tests are usually not performed
on newly diagnosed patients or patients with un-
complicated celiac disease; these tests should be
considered if there is persistent diarrhea or steatorrhea
despite a gluten-free diet or if there are signs of overt
malnutrition. Patients on a gluten-free diet with low
fecal elastase levels should receive PERT!'®, Data from
a double-blind randomized trial of children with celiac
disease on a gluten-free diet demonstrated that PERT
increased body weight versus placebo during the
first 30 days after diagnosis (Table 5)™°\. Similarly,
PERT reduced chronic diarrhea from 4 to 1 stools/
day in 90% of patients with celiac disease in 2 other
uncontrolled studiest****,

Gastroenterologists specializing in celiac disease
have not recognized a definite association between

October 21,2017 | Volume 23 | Issue 39 |



Singh VK et a/. Causes of exocrine pancreatic insufficiency

celiac disease and EPI and are silent on the possible
association and the need for treatment with PERT.
Further studies are required to demonstrate whether
there is any direct association between celiac disease
and EPI.

IBD AND EPI

Crohn’s disease (CD) and ulcerative colitis (UC) are
chronic relapsing immune-mediated disorders of
the gastrointestinal tract, characterized by chronic
gastrointestinal inflammation. It is suggested that these
disorders result from an aberrant immune response and
loss of tolerance to the normal intestinal flora. Patients
with IBD are at an increased risk for developing EPI,
particularly if they have = 3 daily bowel movements
(BMs), loose stools, and a history of surgery®***4,
Autopsy studies have found pancreatic lesions in 38%
of patients with CD and 53% of patients with UC
without prior evidence of pancreatitis™. Although still
widely used, the fecal elastase test has poor diagnostic
accuracy in patients with diarrhea™. In a cross-
sectional study of 237 unselected patients with IBD,
21% demonstrated exocrine dysfunction as measured
by the PABA test, and 19% exhibited abnormally low
bicarbonate secretion in response to a secretin test; the
frequency of abnormal results was similar in patients
with CD and UC!**®., Furthermore, 8.4% of patients had
a pancreatic duct abnormality™>.

CcD

As a group, patients with CD have significantly decr-
eased lipase, amylase, and trypsin activity compared
with controls; these changes are not correlated with
disease duration or location or extent of a previous
bowel resection!’*****, Factors related to impaired
pancreatic function were disease activity, localization,
and extent of bowel involvement™*, The prevalence
of EPI based on low fecal elastase levels varies
between 14% and 30% of patients with CD!™"**%,
Angelini et al™*”’ determined that 35% of patients
with CD have impaired bicarbonate and/or enzyme
secretion™™’”), Depending on the involvement of the
gastrointestinal tract (ileum, colon, or both), abnormal
fat excretion varies between 17% and 35% in patients
with CD™®,

Possible mechanisms for the development of EPI in
CD include pancreatic autoantibodies, duodenal reflux,
and reduced secretory hormone secretion. About one
third of patients with CD have autoantibodies against
pancreatic components™* 1 suggesting that EPI
could result from immunologic induction of pathways
that impair exocrine function. These antibodies appear
specific for CD, as opposed to an individual with UC
or without IBD"****), Other possible mechanisms for
pancreatitis in patients with CD include duodenal reflux
into the pancreatic duct through an inflamed and
incompetent ampulla of Vater and fistula formation
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between the pancreatic duct and the duodenum!™®,

These processes could play a role in CD-associated EPI
by damaging the pancreatic duct. Indeed, pathological
changes in the pancreatic duct that may impede flow
have been reported in patients with CD and UC™™,
Finally, scarring or inflammation may reduce intestinal
hormone secretion, thus insufficiently stimulating the
pancreas*>*.

uc

In unselected patients with IBD, 22% of patients with
UC had fecal elastase levels < 200 ug/g, and 9% had
severe EPI (fecal elastase < 100 pg/g)™*". Additionally,
using a secretin-cerulein test, 50% of patients with UC
demonstrated bicarbonate and/or enzyme insufficiency,
while 74% had an abnormal PABA test!*>***”), By
magnetic resonance cholangiopancreatography, 16.5%
of patients with UC had a pancreatic duct abnormality,
compared with no individuals in the control group™®®..

IBD AND PERT

Despite the high prevalence of EPI in patients with
IBD, we identified no studies that assessed whether
PERT can improve maldigestion or malabsorption in
patients with either CD or UC, nor any guidelines for
the use of PERT in these populations.

GASTROINTESTINAL SURGERY AND EPI

Upper gastrointestinal surgery can distort the normal
anatomy and physiology of digestion, thus disrupting
the intricate sequence of events that control normal
digestion and absorption. Maldigestion occurs in as
many as 80% of patients following such procedures,
and EPI may contribute to the pathogenesis*®¥.
Pancreatectomy results in bulk loss of enzyme-
producing cells and is already an indication for PERT,
so it will not be discussed here.

Post-gastrectomy diarrhea and/or steatorrhea
occur in > 47% of gastrectomy patients, and signi-
ficant weight loss is common!*®***1, In one study, all
patients (n = 15) developed severe EPI 3 mo after
total gastrectomy™®!, Steatorrhea was also observed
in all patients (n = 30) who underwent a partial
gastrectomy!®®. Two additional studies reported
pathological fecal fat excretion in 92% and 67% of
patients after total gastrectomy™®”*l, Additionally,
using the *C-mixed triglyceride breath test, 82% of
patients exhibited fat maldigestion after a Whipple
procedure!®, Finally, using the same diagnostic test,
Perez Aisa et al''’” recently reported that 38% of
patients developed fat malabsorption following partial
or total gastrectomy.

EPI and altered pancreatic enzymes and gas-
trointestinal hormone levels were reported after both
total and partial gastrectomies!®®*’**”31, | uminal
pancreatic enzyme and bile salt concentrations were
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markedly reduced after subtotal gastrectomies™”!, and
significant reductions in the stimulated secretion of
pancreatic juice (76%), trypsin (89%), chymotrypsin
(91%), and amylase (72%) were observed after total
gastrectomy compared with preoperative levels!'®®, In
another study, total gastrectomy significantly decreased
bicarbonate (48%), lipase (39%), and chymotrypsin
(24%) output in comparison with non-operated
controls'™®”), In a third study, only 30% of patients
had EPI following subtotal or total gastric resection
as measured by the fecal chymotrypsin test™’". Low
levels of gastrin and pancreatic polypeptide and high
levels of postprandial plasma CCK have also been
reported following total gastrectomy™®®.

Gastrectomy disrupts several of the normal di-
gestive processes; different factors may contribute
to the postoperative changes, including deficient
trituration of nutrients, altered gastric emptying,
pancreatic denervation, postcibal asynchrony between
gastric emptying and gallbladder contraction, and/or
decreased absorptive surface and enzyme contact!'®.
When the duodenum is also resected (gastroduodenal
resection), a reduction in CCK secretion from the
duodenum decreases pancreatic stimulation and
contributes to EPI™®*., Likewise, Roux-en-Y gastric
bypass surgery to treat obesity disrupts the normal
digestive process, and almost a third of patients
develop EPI post-operatively!'’*. However, since the
purpose of the procedure is to effect weight loss, it is
unlikely that EPI in this situation would be treated.

The vagus nerve plays an important role in the
regulation of exocrine pancreatic secretions, as vago-
vagal enteropancreatic reflexes mediate responses in
the intestinal phase of exocrine pancreatic secretion™”*.
Vagotomies, which reduce gastric acid secretion by
severing the vagal nerve supply to the stomach, also
cause dysfunction of the exocrine pancreas; during
extensive gastric surgery, severing of the vagus nerve
(truncal vagotomy) can contribute to postoperative
EPI, and a vagotomy by itself is sufficient to cause
EPI"®, In 2 studies, patients had decreased pancreatic
juice, lipase, trypsin, and bicarbonate secretion
following vagotomy™”’*®, In a similar study, fecal fat
excretion was significantly increased after vagotomy
and 45% of patients developed steatorrhea!”.

Extensive small bowel resections leading to
short bowel syndrome can also reduce endogenous
exocrine pancreatic secretion. Short bowel syndrome
is characterized by malabsorption, with contributing
factors including a reduction in gastrointestinal hor-
mones (particularly CCK), postcibal asynchrony,
gastric acid hypersecretion, loss of intestinal regulatory
feedback, massive loss of absorptive surface, and rapid
transit through the small intestine™'*”. Additionally,
total parenteral nutrition and anti-diarrheal agents
used to treat short bowel syndrome are associated
with pancreatic and gastric hyposecretion™®”. Some
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of these mechanisms, though not all, involve the
pancreas, suggesting a role for EPI. There is wide
variability depending upon the individual and the
specific region resected. In patients undergoing ileal
resection for CD, fecal fat excretion showed a highly
significant correlation to the ileal length resected;
for patients with only a 30-cm resection or less,
the prevalence of abnormal fat excretion was 37%,
whereas 100% of patients who underwent a 90-cm
resection or greater displayed abnormal fecal fat
excretion!**®,

Esophagectomy has also been associated with
EPI in one study (n = 63); 10 patients (16%) who
underwent an esophagectomy had weight loss
and fecal elastase levels < 200 ug/g stool and had
symptomatic EPI with diarrhea and/or steatorrhea!'®".
Potential mechanisms include decreased gastric
reservoir, vagal denervation, and the presence of
pyloroplasty that may be part of the procedure and
cause dumping syndrome.

GASTROINTESTINAL SURGERY AND
PERT

Despite a paucity of evidence regarding PERT use
following gastrointestinal surgery, PERT is often
recommended for post-surgical patients with stea-
torrhea, diarrhea, weight loss, or maldigestion-
related symptoms!'®**®?), In patients with EPI post-
esophagectomy, 9 of 10 patients with fecal elastase
levels < 200 pg/g stool had symptomatic improvement
(no diarrhea or steatorrhea) with PERT and 70%
experienced weight gain (Table 5)™®', PERT may
also be appropriate for asymptomatic patients with
fat excretion > 15 g/d, as these patients are at high
risk for developing nutritional deficiencies!®*'®%, It
has been suggested that PERT in combination with a
high-energy diet over 6 to 8 meals/d may improve
nutritional status and symptoms in these patients™".
Because each patient and surgery is unique and
patients have different degrees of EPI, PERT dosing
must be tailored to the individual symptoms of a
patient.

Data regarding the overall benefits of PERT in
total or partial gastrectomy patients are conflicting;
while some evidence suggests improved stool con-
sistency™®®, weight gain'*®®, quality of life!*®*, and
reduced steatorrhea and fecal fat excretion!%®!%,
the same benefits were not observed in all studies.
For example, in the double-blind crossover study that
showed improvements in stool consistency following
a total gastrectomy, there were no beneficial effects
of PERT on fecal fat output; however, in the subset
of patients with massive steatorrhea, there was a
significant reduction in fecal fat excretion following
treatment with PERT!'®!, The variable trial results
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prevent definitive conclusions about the benefits of
PERT in fecal fat excretion and steatorrhea following
gastric surgery.

CONCLUSION

The prevalence of EPI may be higher in patients with
diverse non-pancreatic diseases or pancreatic cancer
(Table 2) than has generally been appreciated. EPI
should be considered as a possible etiology for any
patient with diabetes, celiac disease, IBD, gastroin-
testinal surgery, or pancreatic cancer who presents with
malnutrition, weight loss, and/or abnormal fatty stools
(Table 4). In patients with symptomatic EPI, dietary
modifications should be implemented and PERT may
be initiated and doses should be titrated to achieve the
optimal response.

Evidence from clinical research on EPI in less
common etiologies is scanty and precludes firm recom-
mendations on management. The lack of studies and
evidence-based practices on the association of EPI
with the medical conditions discussed herein makes
conclusions difficult and needs to be substituted with
consensus and clinical practice guidelines derived from
future prospective, controlled studies, to confirm or
refute these associations. EPI is a serious condition
that, once confirmed and regardless of the cause,
requires PERT treatment to prevent devastating,
sometimes fatal, nutritional complications associated
with untreated maldigestion and malabsorption.
Further studies are needed to define the association
of EPI with these conditions and to support recom-
mendations on the timing of diagnostic testing and
initiation of PERT.
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Abstract

Recent studies have shown that radiofrequency (RF)
ablation therapy is a safe, feasible, and effective
procedure for hepatic hemangiomas, even huge
hepatic hemangiomas. RF ablation has the following
advantages in the treatment of hepatic hemangiomas:
minimal invasiveness, definite efficacy, high safety,
fast recovery, relatively simple operation, and wide
applicability. It is necessary to formulate a widely
accepted consensus among the experts in China
who have extensive expertise and experience in the
treatment of hepatic hemangiomas using RF ablation,
which is important to standardize the application of RF
ablation for the management of hepatic hemangiomas,
regarding the selection of patients with suitable
indications to receive RF ablation treatment, the
technical details of the techniques, therapeutic effect
evaluations, management of complications, efc. A final
consensus by a Chinese panel of experts who have
the expertise of using RF ablation to treat hepatic
hemangiomas was reached by means of literature
review, comprehensive discussion, and draft approval.

Key words: Hepatic hemangiomas; Radiofrequency
ablation; Consensus
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Core tip: Recent studies have shown that radio-
frequency (RF) ablation therapy is a safe, feasible,
and effective procedure for hepatic hemangiomas. It
is necessary to formulate a widely accepted consensus
among the experts in China who have extensive
expertise and experience in the treatment of hepatic
hemangiomas using RF ablation, which is important
to standardize the application of RF ablation for the
management of hepatic hemangiomas.

Gao J, Fan RF, Yang JY, Cui Y, Ji JS, Ma KS, Li XL, Zhang L,
Xu CL, Kong XL, Ke S, Ding XM, Wang SH, Yang MM, Song
JJ, Zhai B, Nin CM, Guo SG, Xin ZH, Lu J, Dong YH, Zhu HQ,
Sun WB. Radiofrequency ablation for hepatic hemangiomas: A
consensus from a Chinese panel of experts. World J Gastroenterol
2017; 23(39): 7077-7086 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i39/7077.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.139.7077

INTRODUCTION

Hepatic hemangioma is the most common benign
tumor of the human liver, with an incidence of 0.4%
to 20% in the general population and a prevalence
of 0.4% to 7.3% incidentally found in autopsy!™.
Most incidentally identified and asymptomatic hepatic
hemangiomas do not need medical interventions.
However, therapies are warranted for giant hepatic
hemangiomas (=5 cm) that cause significant sym-
ptoms or the peripherally located hemangiomas posing
the risk of life-threatening spontaneous rupture and
hemorrhage®®*”.

Hepatic hemangiomas have been treated with
a wide spectrum of therapies. Traditionally, surgical
resection and surgical enucleation are the mostly used
treatments of choice®®. Minimally invasive therapies
for hepatic hemangioma include transcatheter arterial
embolization (TAE)™ ¥, radiation therapy!*>'®, and
radiofrequency (RF) ablation!”*"1, Orthotopic liver
transplantation has been performed as the treatment
choice in rare circumstances®. In recent years, RF
ablation has been increasingly used for managing
hepatic hemangiomas due to its unique advantages
compared with other therapies, such as minimal
invasiveness, low cost, low incidence of complications,
short duration of hospital stay, and increased patient
compliancel’” ", So far, 501 patients with hemangiomas
treated by RF ablation have been reported in the
literature®” "), A widely accepted consensus or
guideline, embracing the selection of patients with
suitable indications to receive RF ablation treatment,
the application of the techniques, therapeutic effect
evaluations, and management of complications, is
needed to standardize the management of hepatic
hemangiomas using RF ablation.
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CONSENSUS DEVELOPMENT

The literature search was performed with an inclusion
of published articles during the period from 2003 to
2017. The searched database is Medline. Medical
subject headings and free-text words were used
for searches, including radiofrequency ablation and
hepatic hemangioma. Twenty-one original research
papers pertinent to RF ablation treatment for hepatic
hemangiomas were included. Of the 21 included papers
(501 patients), 13 (465 patients) came from China,
including ten in English and three in Chinese!”’*”’; two
came from South Korea, in which 25 patients with
hepatic hemangiomas underwent ultrasound-guided
percutaneous RF ablation®**!; and Western experience
contributed six case reports including 11 patients on
the RF ablation for hepatic hemangiomas!*82*2+2630:3],
Studies were reviewed and selected for further scree-
ning analyses and for subsequent consensus studies.

Base on a comprehensive appraisal of the published
original research articles related to RF ablation for
hepatic hemangiomas, a Chinese panel of experts was
contacted and convened by electronic mails and/or
phone. The recruitment of the experts was determined
based on the following comprehensive criteria: the
number of reported cases using RF ablation for
hepatic hemangiomas and the impact of the published
articles. All the experts work in well-known, high-
volume centers, and their clinical experiences are well
documented in scientific papers. They reviewed both
the literature and their institutional experience. The
draft was completed by the corresponding author and
his team and then was circulated to all participants
for comments. The revised version was redistributed
to the experts for approval or further comments.
After more than nine months of electronic mail or, on
occasion, face-to-face discussions, the final version of
consensus was formulated.

OVERVIEW OF HEPATIC HEMANGIOMAS

Pathology and clinical features
Hepatic hemangioma is usually a solitary tumor mass,
although multiple lesions may be present in both
hepatic lobes in up to 40% of the patients. Hepatic
hemangiomas include cavernous hemangioma, scler-
osing hemangioma, hemangioendothelioma, and capi-
llary hemangioma. It consists of blood-filled cavities
fed by the hepatic arterial circulation, with walls lined
by a single layer of endothelial cells, and manifests as
a veritable chaotic entanglement of distorted blood
vessels confined to a region as small as a few milliliters
and as large as 10 cm, 20 cm, and even 40 cm™?.,
According to the diameter of hepatic hemangioma,
it could be divided into three categories: small (<5
cm), giant (5-9.9 cm), and huge (=10 cm). Giant
hemangiomas are also defined by a diameter larger
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than 4 cm in the literaturet™.

Diagnosis

In most situations, hepatic hemangiomas (especially
when smaller than 4 cm) do not show any signs and/
or symptoms, most likely being discovered incidentally
during imaging investigations for other unrelated
conditions. However, a few patients may present a
wide variety of non-specific clinical symptoms such as
pain in the right upper abdomen, decreased appetite,
premature satiation sensation, nausea, vomiting, and
abdominal discomfort such as sense of fullness and
postprandial bloating (early or late). Spontaneous or
traumatic rupture is the most severe complication. This
has a catastrophic outcome if not promptly managed,
and is the reason why correct diagnosis and manage-
ment are extremely important!'~.

Hepatic hemangiomas can be specifically diagnosed
by ultrasonography (US) or contrast-enhanced US,
contrast-enhanced computed tomography (CT), and
magnetic resonance imaging (MRI) because of their
typical imaging characteristics'™. On US images, hepatic
hemangiomas present as a homogeneous, round or
oval lesion with well-defined hyperechogenicity, and
likelihood of posterior acoustic enhancement. Other
imaging techniques, such as contrast-enhanced CT
or MRI, are recommended for confirmation in case
of inconclusive ultrasonographic results, or if a giant
hemangioma requires treatment™®*!, The typical hem-
angioma appears on CT or MRI scans as a hypointense,
well-defined lesion, which after contrast injection shows
peripheral nodular enhancement with progressive
homogeneous centripetal filling.

TRADITIONAL TREATMENT OF HEPATIC
HEMANGIOMAS

Surgical procedure used to be the first choice of
treatment for hepatic hemangiomas, including hem-
angioma enucleation, lobectomy (segmentectomy) or
partial hepatectomy, and tumor suture or ligation®®*%,
Liver transplantation is used for rare cases which
need medical intervention but the tumor is too
large to undergo surgical resection, ruptures, or has
hemorrhage combined with Kasabach-Merritt synd-
rome!®!, Surgical resection is rather invasive and
associated with relatively high risks of perioperative
morbidity (27%), mortality (3%) and long hospi-
talization® %,

Radiation therapy can destroy the endothelial cells
and smooth muscle cells of hepatic hemangiomas,
consequently leading to thrombosis, necrosis, and
fibrosis inside the tumors, which provides partial
reduction in hemangioma size and relief of symptoms.
Currently, radiation therapy is used rarely in hepatic
hemangioma because it is not considered as a
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curative therapy. Moveover, it may have the risks of
radiation hepatitis, veno-occlusive disease, and hepatic
neoplasiat®*®,

TAE has been undertaken as an effective alternative
treatment for managing hepatic hemangioma. Before
TAE, hepatic arterial angiography is carried out to
assess the blood supply to the tumor, tumor size,
tumor number, tumor position, and intrahepatic va-
scular variants. The superselective catheterization
of the hepatic arteries leading to the tumor body is
followed by embolizing the tumor vessels using an
embolization agent mixed with pingyangmycin or
bleomycin. With the destruction of endothelial cells
lining the blood sinus, thrombosis is formed to block
the blood supply to the body of hemangioma. However,
TAE is not considered as curative because recurrence
is common due to vascular recanalization™". Moreover,
the treatment may have disastrous complications,
such as systemic embolization, biliary damage, and
hepatic rupture as the size of tumors increases %,
Several reports have advocated TAE as a temporizing
and auxiliary preoperative procedure for huge hepatic
hemangioma or spontaneously ruptured hemangiomas
to decrease the risk of surgery™****4,

HISTORY OF RF ABLATION FOR HEPATIC
HEMANGIOMAS

RF ablation is performed by using RF-induced thermal
energy to damage the endothelial lining vascular
structures as a result of promoting thrombosis!*®, to
induce necrotic coagulation™, as well as to destruct
erythrocytes and cause vascular smooth muscle cell
disappearance and fibrosis in the ablated zone™,

In 2003, Cui et a*”' reported the first cohort of 12
patients who received the percutaneous RF ablation
treatment for 15 hepatic hemangiomas (2.5-9.5 cm)
under US guidance. In 2004, Zagoria et al'® reported
the successful treatment of a symptomatic hepatic
hemangioma (5.0 cm) using percutaneous RF ablation
under CT guidance. A few more studies show that
percutaneous RF ablation therapy is a safe, minimally
invasive, and effective locoregional treatment for
selected patients with hepatic hemangiomas!*?, In
2006, Fan et al® reported the use of laparoscopic
RF ablation therapy for treating 21 patients with 50
hepatic hemangiomas (5.5 cm = 2.0 cm) located on
the surface of the liver or adjacent to the gallbladder.
The results showed that laparoscopic RF ablation
therapy is a safe, feasible, and effective treatment
option for patients with extrorse hemangiomas. In
2016, a prospective study demonstrated the benefits
and disadvantages of laparoscopic RF ablation as
compared with surgical resection for managing hepatic
hemangioma'®. Sixty-six patients with symptomatic-
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enlarging hepatic hemangiomas (4 cmm < diameter
< 10 cm) either underwent laparoscopic RF ablation
(n = 32) or open resection (n = 34). Laparoscopic
RF ablation was associated with significantly shorter
operative time (138 min vs 201 min, P < 0.001) and
less blood loss than open resection. Patients after
laparoscopic RF ablation experienced significantly less
pain and required less analgesia use, significantly
shorter length of hospital stay, and lower hospital cost.
The study showed that laparoscopic RF ablation, as
a minimal invasive treatment option, is as safe and
effective a procedure as open resection for patients
with symptomatic-enlarging hepatic hemangiomas
smaller than 10 cm.

During the initial period of RF ablation for hepatic
hemangiomas, authors always selected and treated
hepatic hemangiomas < 10 cm using RF ablation
because of the lack of experience. Sporadic cases
with huge hepatic hemangiomas were treated by RF
ablation. Whether RF ablation should be accepted for
treating huge hemangiomas is still in debate because
of the requirement of long ablation time. Lengthy
ablation time is prone to cause hemolysis, which
can lead to the complications of hemoglobinuria,
hemolytic jaundice, anemia, or even acute kidney
injury (AKI)®®, The incidence of complications post
RF ablation is proportionally associated with the size
of hemangiomas and the ablation time!®7®. Park
et al®! described the 100% ablation of 10 hepatic
hemangiomas larger than 5 cm but less than 10 cm
and an ablation in 60% (3/5) of hepatic hemangiomas
= 10 cm. Hence, they drew a conclusion that the
best indication for RF ablation was giant hepatic
hemangiomas, but huge hepatic hemangiomas were
the comparative contraindication. Gao et a*® reported
the same technical difficulties when they treated 17
huge hemangiomas = 10 cm in 16 patients with RF
ablation using cluster electrodes. In their study a
high rate of complete ablation (82.4%, 14/17) was
achieved, but ablation-related complications were seen
in all the 16 patients with hemangiomas = 10 cm,
including significant systemic inflammatory responses
and acute respiratory distress syndrome (ARDS,
grade IV)®?\, Gao et a/*" adopted two approaches to
treat 21 large hemangiomas in 21 patients with the
expectation of lessening the incidence of complications
and achieving a higher success rate: (1) using cool-
tip cluster electrodes; and (2) closely monitoring the
patient’s temperature and hemoglobinuria to warrant
a termination of the procedure if the temperature
exceeds 39 C or signs of hemoglobinuria appeared.
Complete ablation was achieved in 90.5% (19/21)
of cases and ablation-related complications reduced
to 47.6% (10/21). According to the Dindo-Clavien
classification for complications™, all the complications
were gradel (including hemoglobinuria in ten cases,
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Table 1 Indications and contraindications of radiofrequency

ablation for hepatic hemangiomas

Indications

The maximum diameter of hemangiomas >5 cm

Tumor gaining an enlargement of more than 1 cm within 2 yr
Persistent hemangioma-related abdominal pain or discomfort

Consent to receive the RF ablation

Contraindications

Severe bleeding tendency, platelets < 50 x 10°/L, international
normalized ratio > 1.5, severe platelet function disorders (prothrombin
time >18 s and prothrombin activity < 40%)

Malignant tumors

Kasabach-Merritt syndrome

Infection, especially biliary system inflammation

Low immune function

Severe primary organ failure such as the liver, kidney, heart, lung and/
or brain

fever in four cases, hemolytic jaundice in three cases,
anemia in one case, and elevated serum transaminase
in four cases). Eighteen patients required one session
and three patients with hemangiomas = 14.0 cm
required two sessions of RF ablation. This study
by Gao et al®" showed that RF ablation for huge
hepatic hemangiomas is minimally invasive, safe,
and effective. Other studies reported the similar
results™*",

INDICATIONS AND
CONTRAINDICATIONS FOR RF ABLATION
FOR HEPATIC HEMANGIOMAS

Indications

Indications include: the maximum diameter of heman-
giomas > 5 cm; on regular imaging follow-up, tumor
gaining an enlargement of more than 1 cm within
2 years; persistent hemangioma-related abdominal
pain or discomfort with the definite exclusion of other
gastrointestinal diseases which cause the epigastric
pain via gastroscopy examinations; patients’ decline
to receive surgical treatment but with the consent to
receive the RF ablation (Table 1)#°3%,

Contraindications

Contraindications include: patients with severe bleeding
tendency, platelets < 50 x 10°/L, severe platelet
function disorders (prothrombin time > 18 s and pro-
thrombin activity < 40%), international normalized
ratio > 1.5, malignant tumors, Kasabach-Merritt
syndrome, infection, especially biliary system inflam-
mation, low immune function, and severe primary
organ failure such as the liver, kidney, heart, lung and/
or brain®®?%, Anticoagulation and/or antiplatelet drugs
should be discontinued at least 5-7 d prior to ablation
(Table 1).
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ANESTHESIA PROTOCOLS

For percutaneous procedures, general anesthesia is
recommended to prevent pain and discomfort during
RF procedure. Controlled ventilation would reduce
ablation attempts and increase the success rate while
RF ablation is performed for patients under general
anesthesia®*,

PROCEDURES OF RF ABLATION

RF ablation for hepatic hemangiomas can be per-
formed via a percutaneous, laparotomy or laparoscopic
approach. The diversity of approaches helps extend
the scope of treatment indications!>>>*.

Hepatic hemangiomas deeply located in liver
parenchyma are suited to be treated by percutaneous
CT-guided RF ablation. After induction of general
anesthesia, patients are placed in a supine position.
Grounding is achieved by attaching two pads to
the patient’s thighs. The skin entry point of the RF
electrodes is determined by the guidance of CT
imaging. Under the monitoring and guidance of CT, the
RF electrodes are percutaneously inserted through the
liver to target the tumor. After CT images confirm the
acting tip of the RF electrode is located in the tumor
center, RF procedure is performed®®,

Subcapsular hepatic hemangioma is suitable to
be treated via a laparoscopic approach using US
guidance®®**1, Under general anesthesia, patients
were placed in a supine position. After a pneumo-
peritoneum (CO:2 at 12 mmHg) is established, a thor-
ough intraperitoneal exploration with a 30° laparoscope
through a 10-mm umbilical port is performed. Another
10 mm subxiphoid port is created at the midline of
abdomen and an additional 10 mm right or left lateral
subcostal port is placed if needed, depending on
the location of the hepatic hemangiomas. Under US
guidance, the RF electrodes are introduced into the
peritoneal cavity through the subcostal abdominal
wall under the direct laparoscopic view and deployed
into the tumor. The RF procedure is monitored by
intraoperative US, which can increase the ability to
guide the RF electrode placement and evaluate the
efficacy of ablation. After ablation, the ablated lesion
became hyperechoic because of outgassing from
heated tissues. Laparoscopic biopsy of liver lesions
before the ablation is not needed with the consideration
of avoiding unnecessary bleeding. For the patients with
gallbladder stones or simple hepatic cysts, laparoscopic
cholecystectomy (LC) or deroofing of the hepatic
cysts may be performed during ablation. LC had to be
performed beforehand if the lesions are encroaching on
the gallbladder fossa.

Laparotomy is more invasive than percutaneous
and laparoscopic approaches. With the increasing
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experiences in RF ablation and the improvement of
laparoscopic techniques, laparotomy is only used for an
alternative approach. In case of unexpected incidence
of uncontrollable bleeding during the procedure
via percutaneous and laparoscopic approaches,
laparotomy needs to be performed for controlling the
bleeding efficiently and preventing the occurrence of
severe complications.

TECHNICAL DETAILS TO BE NOTED

Common strategies of ablation for hepatic hemangiomas
A transhepatic route for RF electrode placement to
target the tumor is recommended to prevent bleeding
from the electrode-poking site of hemangiomas. RF
ablation is initiated at the treatment point close to the
margin of the tumor to minimize the risk of bleeding
and the heat sink effect. The heat sink effect refers to
cooling by adjacent visible (>1 mm diameter) blood
vessels when ablated tissues are heated. Overlapped
ablation zones are warranted by repositioning the
RF electrodes in the tumor mass repeatedly under
the guidance and monitoring of CT or US imaging,
ensuring a complete ablation of the tumors. An intratu-
moral ablation is necessary to minimize injuries to
normal liver parenchyma and the needle tract ablation
can prevent the incidence of needle puncture-induced
bleeding™"..

In the laparoscopic approach, the Pringle maneuver
can be used to decrease the heat sink effect™®®.
Furthermore, the laparoscopic approach also offers
a direct vision of the entire RF procedure, which is
helpful to identify and manage bleeding from the
puncture site or tumor rupture®>,

Based on our experience on treating 76 huge
hepatic hemangiomas®**, we prefer to use internally
cooled cluster electrodes to treat the tumors by taking
their advantage of achieving an efficient and much
concentrated thermal energy in the tumor tissue,
which is expected to reduce the incidence of ablation-
related complications. Internally cooled cluster
electrodes, for example Cool-tip ones, are straight
electrodes without an array of prongs, and the tip is
internally cooled by continuous infusion of cold saline.
Thus, the temperature of the electrode itself is not
extremely high, which is helpful to avoid the instant
charring at the tissue around the probe and reduce
tissue impedance. The efficient heat deposition creates
a larger ablated zone within a shorter period of time.
Another advantage of internally cooled electrodes is
that they induce a sustaining high temperature in the
tumor with limited “heat sink effect” caused by blood
flow in the adjacent vessels, which can enhance the
ablation effectiveness for the tumor tissue abutting
the vessel. Moreover, a specially-designed Cool-tip
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electrode is more visible under the guidance of CT or
US imaging, which allows the accurate placement of
the electrodes in the tumor without injuring the adja-
cent organs®,

Special strategies of ablation for huge hepatic
hemangiomas

Larger tumor size is a risk factor for ablation-induced
complications. For huge hemangiomas, a few preca-
utions should be taken to lessen the risk of severe
complications and enable a successful treatment.

It is unnecessary to achieve a complete ablation of
a large tumor using one ablation session if the patient
shows the sign of elevating body temperature and
hemolysis, considering the severe risk of hemolysis-
induced AKIP®. A repeat RF ablation session can be
rescheduled to obtain the expected treatment effect™".

RF ablation combined with TAE could be an option
to achieve a synergistic treatment effect for huge
hepatic hemangiomas because the blockade of tumor
blood supply by TAE can decrease the lesion size to
some extent, facilitating the subsequent RF ablation
and minimizing the risk of ablation-related compli-
cations. Additionally, the hyper-attenuation of iodized
oil deposited in the tumor on CT images can facilitate
the targeting placement of the RF electrodes in the
tumor and thus increase the success rate of complete
ablation".,

Laparoscopic resection of hemangioma boosted
by intratumoral coagulation by RF ablation is a safe,
effective option for treating huge hepatic subcapsular
hemangiomas with low loss of blood and minimal
complications. This technique lies in the advantage
that a completely coagulated zone created by sequ-
ential RF ablation along the dissection margin warrants
the successful removal of the tumor tissue without
occluding the hepatic vessels before the tumor
dissection. Compared with treating the tumor using
RF ablation alone, this technique involves the ablation
of the tumor tissue at the resection margin rather
than the total hepatic hemangioma, thus shortens
the ablation time and avoids the incidence of severe
ablation-related complications™".

COMPLICATIONS

Hemorrhage of hepatic hemangioma

Bleeding at the electrode entry site: Due to the
hypervascular nature of hepatic hemangioma and
intratumoral high blood pressure, there is high risk
of bleeding from the puncture site of the tumor. To
prevent bleeding, the electrode needs to be advanced
via a transhepatic approach to target the tumor and
a needle tract ablation needs to be performed while
withdrawing the electrode. When the RF electrode
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placement is performed via laparotomy or laparoscopic
approach, RF ablation should be launched from the
exterior margin of the tumor from the beginning of a
lower RF power®*4,

Rupture of hepatic hemangioma: Abrupt rupture
of hepatic hemangioma could result in massive
hemorrhage. For hemangiomas located in the surface
of the liver, an improper advancement of the RF
electrode directly through the tumor will lose the
protection of liver parenchyma. In this context, the
RF electrode puncture could induce massive bleeding
from the electrode puncture site. On the other hand,
when an extra-high RF output power is applied at
the beginning of RF ablation, a rapid increase of
intratumoral temperature and pressure will induce the
burst force in the tumor, which will cause an abrupt
rupture of the tumor and life-threatening bleeding.
Under the direct view of laparoscopy, hemostasis
procedure can be applied to the bleeding site such as
applying ablation to stop bleeding. In case the bleeding
is not controlled by these measures, a conversion to
open surgery is advocated to achieve hemostasis.

Puncture injury to adjacent organs

The accidental injuries to the adjacent organs
including the gallbladder, gastrointestinal organs,
kidney, diaphragm, lungs, and heart need to avoid.
While using multipolar expandable electrodes, the
deployment of each prong of the electrodes need to
be verified carefully®®*”. The high visibility of Cool-tip
electrodes on CT or US images facilitates the insertion
of the electrodes in the tumor without causing
accidental injury to adjacent organs®"’.

Thermal injury to the pleura and diaphragm

For hepatic hemangiomas situated in the subdi-
aphragm hepatic dome area, thermal injuries to the
diaphragm frequently occur during RF ablation via the
percutaneous approach®®. The thermal injury to the
diaphragm may manifest as the shoulder pain because
the diaphragm and the shoulder skin are innervated
by the same phrenic nerves arising from nerve roots
C3, C4, and C5%**4, Diaphragmatic perforation and
herniation were reported as major complications of RF
ablation for hepatic tumors abutting the diaphragm
in nine cases'*". RF ablation injuries more frequently
occur in cases with hepatic hemangiomas than hepatic
cancers due to the high thermal energy and duration
needed for large-sized hemangiomas. RF ablation
via a laparoscopic approach can minimize the risk of
diaphragm injury because the pneumoperitoneum
can elevate the diaphragm to increases the operation
space. Therefore, laparoscopic RF ablation therapy
should be used as the first-line treatment for hepatic
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hemangiomas abutting the diaphragm®™2.

Thermal injury to the lung

A patient with two huge hemangiomas in the right
lobe (16.0 cm and 11.0 cm), treated with percu-
taneous RF ablation, developed ARDS immediately
after an ablative time of total 250 min®®, The
major complication was resolved by conservative
treatment™®. The pathogenesis of ARDS needs to
be investigated, and it is speculated that RF ablation
of large quantity of tumor tissues induces significant
systemic inflammatory responses™***!, Pre-ablation TAE
as an adjuvant therapy or multiple ablation sessions is
recommended to prevent the risk of ARDSP"?*,

Hemolysis

Hemolysis and anemia: RF ablation poses a risk of
predisposing huge hypervascular hepatic hemangiomas
to the severe complication of hemolysis. Hemolysis can
lead to various degrees of hemoglobinuria, hemolytic
jaundice, anemia, or even AKIZ313¢],

AKI: AKI caused by ablation-induced hemolysis in
patients with huge hepatic hemangiomas has been
reported®®. Hemoglobin is released upon erythrocyte
destruction and is filtered by the glomerulus into the
urinary space. In the urinary space, hemoglobin is
degraded and releases heme pigments which can
cause tubular injury. Furthermore, volume depletion
enhances both vasoconstriction and the formation of
obstructing casts, and also is of critical importance for
the development of heme-induced AKI®®,

Patients with huge hepatic hemangiomas should be
sufficiently hydrated before RF ablation and during the
procedure. When any signs or symptoms indicating
hemolysis emerge in the course of RF ablation, such
as rising body temperature and hemoglobinuria, the
RF procedure should be terminated and a repeat RF
ablation treatment may need to be rescheduled based
on a comprehensive evaluation of the tumor®,

Other complications

Except for relatively severe RF ablation-related
complications, some minor complications may take
place, such as liver damage, fever, and skin burn
injury at the site where the grounding pad is attached.
The ablation-induced self-limiting liver injury can
resolve within a short period of time without the need
of any medication. The necrotic tissue of tumors can
cause unspecific inflammatory reaction and mild
hyperthermia. In case that the body temperature is
higher than 39 C, physical cooling can be used to
alleviate the discomfort of hyperthermia. To prevent
the burn injury to the skin in patients receiving long
time RF ablation, multiple grounding pads can be
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Table 2 Ablation-related complications and preventive measures

Complication

Preventive measures

Bleeding at the electrode entry site

Rupture of hepatic hemangioma

Puncture injury to adjacent organs

The electrode needs to be advanced via a transhepatic approach to target the tumor and a needle tract
ablation needs to be performed while withdrawing the electrode. Radiofrequency (RF) ablation should be
launched from the exterior margin of the tumor from the beginning of a lower RF power.

Under the direct view of laparoscopy, hemostasis procedure can be applied to the bleeding site such as
applying ablation to stop the bleeding. If it fails, a conversion to open surgery is advocated to achieve the
hemostasis.

The high visibility of Cool-tip electrodes on computed tomography or ultrasonography images facilitates

the insertion of the electrodes in the tumor without causing accidental injury to adjacent organs.

Thermal injury to the pleura and diaphragm

Thermal injury to the lung

Laparoscopic RF ablation should be used as the first-line treatment for hepatic hemangiomas abutting the

diaphragm.

Pre-ablation transcatheter arterial embolization as an adjuvant therapy or multiple ablation sessions is

recommended to prevent the risk of acute respiratory distress syndrome.

Hemolysis

The patients should be sufficiently hydrated before RF ablation and during the procedure. When any

signs or symptoms indicating the hemolysis emerge in the course of ablation, the RF procedure should

be terminated and a repeat RF ablation treatment may need to be rescheduled based on a comprehensive

Liver damage
Fever
Skin burn injury

evaluation of the tumor.

The ablation-induced liver injury can resolve spontaneously without the need of any medication.
Physical cooling can be used to alleviate the discomfort of hyperthermia.
Multiple grounding pads can be applied or ice pad can be used to cool the skin with the contact of

grounding pad.

applied or ice pad can be used to cool the skin with 2 Schnelldorfer T, Ware AL, Smoot R, Schleck CD, Harmsen WS,
the contact of grounding pad[31-33]_ The ablation-related Nagorney DM. Management of giant hemangioma of the liver:
complications and preventive measures are listed in resection versus observation. J Am Coll Surg 2010; 211: 724-730
[PMID: 20980175 DOI: 10.1016/j.jamcollsurg.2010.08.006]
Table 2. 3 Hasan HY, Hinshaw JL, Borman EJ, Gegios A, Leverson G,
Winslow ER. Assessing normal growth of hepatic hemangiomas
during long-term follow-up. JAMA Surg 2014; 149: 1266-1271
POST-TREATMENT EVALUATION [PMID: 25321079 DOI: 10.1001/jamasurg.2014.477]
Contrast-enhanced CT or MRI can be used to evaluate 4 Bajenaru N, Balaban V, Savulescu F, Campeanu I, Patrascu T.
. . Hepatic hemangioma -review-. J Med Life 2015; 8 Spec Issue: 4-11
the therapeutic effect of RF ablation for tumors one [PMID: 26361504]
month after the treatment. On contrast-enhanced CT 5 Hoekstra LT, Bieze M, Erdogan D, Roelofs JJ, Beuers UH, van
or MRI, complete ablation is defined as no nodular Gulik TM. Management of giant liver hemangiomas: an update.
or irregular enhancement adjacent to the ablation Expert Rev Gastroenterol Hepatol 2013; 7: 263-268 [PMID:
zone and incomplete ablation is defined as irregular 23445235 DOL: 10.1586/egh.13.10] N o
peripheral-enhanced foci in the ablation zone. In 6 Mocchegiani F, Vincenzi P, Coletia M, Agostini A, Marzioni M,
. Baroni GS, Giovagnoni A, Guerrieri M, Marmorale C, Risaliti
cases of complete ablation, subsequent CT or MRI A, Vivarelli M. Prevalence and clinical outcome of hepatic
examinations are repeated at a 6-mo interval®®3, haemangioma with specific reference to the risk of rupture: A
Repeated RF ablation procedures are not needed large retrospective cross-sectional study. Dig Liver Dis 2016; 48:
unless the residual tumor is growing significantly or , 3%09'3;45]\}’1‘?31 221551173; ]')ISII:VI](1.10]6/j.d1d1.\3[011\/5[‘(1)9.016] .
: : oro A, Mahfouz AE, Ardiri A, Malaguarnera M, Malaguarnera G,
posing a risk of spontaneous rupture. Loria F, Bertino G, Di Carlo I. What is changing in indications and
treatment of hepatic hemangiomas. A review. Ann Hepatol 2014;
13: 327-339 [PMID: 24927603]
CONCLUSION 8 Miura JT, Amini A, Schmocker R, Nichols S, Sukato D, Winslow
RF ablation therapy is a safe, feasible, and effective ER, Spolverato G, Ejaz A, Squires MH, Kooby DA, Maithel SK,
procedure for hepatic hemangiomas, even for huge Li A, Wu MC, Sfirmlento JM, Bloomston M, Chrlstlans KK,
. . . i Johnston FM, Tsai S, Turaga KK, Tsung A, Pawlik TM, Gamblin
hepatic hemangiomas. RF ablation has the following TC. Surgical management of hepatic hemangiomas: a multi-
advantages in the treatment of hepatic hemangiomas: institutional experience. HPB (Oxford) 2014; 16: 924-928 [PMID:
minimal invasiveness, definite efficacy, high safety, 24946109 DOI: 10.1111/hpb.12291]
fast recovery, relatively simple operation, and wide 9 LiM, Zhang C, Zhang T, Wang L, Ding Y, Niu Z, He S, Yang
applicability. Z. Outcome using selective hemihepatic vascular occlusion
and Pringle maneuver for hepatic resection of liver cavernous
hemangioma. World J Surg Oncol 2015; 13: 267 [PMID: 26338222
DOI: 10.1186/512957-015-0680-9]
REFERENCES 10  Zhang W, Huang ZY, Ke CS, Wu C, Zhang ZW, Zhang BX, Chen
1 Yeh WC, Yang PM, Huang GT, Sheu JC, Chen DS. Long-term YF, Zhang WG, Zhu P, Chen XP. Surgical Treatment of Giant Liver
follow-up of hepatic hemangiomas by ultrasonography: with Hemangioma Larger Than 10cm: A Single Center’s Experience
emphasis on the growth rate of the tumor. Hepatogastroenterology With 86 Patients. Medicine (Baltimore) 2015; 94: ¢1420 [PMID:
2007; 54: 475-479 [PMID: 17523302] 26313792 DOI: 10.1097/MD.0000000000001420]
Raishidenge ~ WJG | www.wjgnet.com 7084 October 21,2017 | Volume 23 | Issue 39 |



14

16

18

19

20

21

22

23

24

25

26

JBaishideng®

Gao J et a/. Radiofrequency ablation of hepatic hemangiomas

Giavroglou C, Economou H, loannidis 1. Arterial embolization of
giant hepatic hemangiomas. Cardiovasc Intervent Radiol 2003; 26:
92-96 [PMID: 12522645 DOI: 10.1007/s00270-002-2648-8]
Huang XQ, Huang ZQ, Duan WD, Zhou NX, Feng YQ. Severe
biliary complications after hepatic artery embolization. World J
Gastroenterol 2002; 8: 119-123 [PMID: 11833085 DOI: 10.3748/
wjg.v8.i1.119]

Firouznia K, Ghanaati H, Alavian SM, Nassiri Toosi M, Ebrahimi
Daryani N, Jalali AH, Shakiba M, Hosseinverdi S. Management
of liver hemangioma using trans-catheter arterial embolization.
Hepat Mon 2014; 14: ¢25788 [PMID: 25737731 DOI: 10.5812/
hepatmon.25788]

Bailey J, Di Carlo S, Blackwell J, Gomez D. Same day arterial
embolisation followed by hepatic resection for treatment of giant
haemangioma. BMJ Case Rep 2016; 2016: [PMID: 26917792
DOI: 10.1136/ber-2015-213259]

Park WC, Rhillips R. The role of radiation therapy in the
management of hemangiomas of the liver. JAMA 1970; 212:
1496-1498 [PMID: 5467542]

Gaspar L, Mascarenhas F, da Costa MS, Dias JS, Afonso JG,
Silvestre ME. Radiation therapy in the unresectable cavernous
hemangioma of the liver. Radiother Oncol 1993; 29: 45-50 [PMID:
8295987]

Cui Y, Zhou LY, Dong MK, Wang P, Ji M, Li XO, Chen CW, Liu
ZP, Xu YJ, Zhang HW. Ultrasonography guided percutaneous
radiofrequency ablation for hepatic cavernous hemangioma. World
J Gastroenterol 2003; 9: 2132-2134 [PMID: 12970923 DOI:
10.3748/wjg.v9.19.2132]

Zagoria RJ, Roth TJ, Levine EA, Kavanagh PV. Radiofrequency
ablation of a symptomatic hepatic cavernous hemangioma. AJR
Am J Roentgenol 2004; 182: 210-212 [PMID: 14684541 DOI:
10.2214/ajr.182.1.1820210]

Fan RF, Chai FL, He GX, Li RZ, Wan WX, Bai MD, Zhu WK,
Cao ML, Li HM, Yan SZ. [Clinical evaluation of radiofrequency
ablation therapy in patients with hepatic cavernous hemangiomas].
Zhonghua Yi Xue Za Zhi 2005; 85: 1608-1612 [PMID: 16185527]
Fan RF, Chai FL, He GX, Wei LX, Li RZ, Wan WX, Bai MD,
Zhu WK, Cao ML, Li HM, Yan SZ. Laparoscopic radiofrequency
ablation of hepatic cavernous hemangioma. A preliminary
experience with 27 patients. Surg Endosc 2006; 20: 281-285
[PMID: 16362478 DOI: 10.1007/s00464-005-0184-8]

Tak WY, Park SY, Jeon SW, Cho CM, Kweon YO, Kim SK,
Choi YH, Chung JM. Ultrasonography-guided percutaneous
radiofrequency ablation for treatment of a huge symptomatic
hepatic cavernous hemangioma. J Clin Gastroenterol 2006; 40:
167-170 [PMID: 16394880]

Fan RF, Chai FL, He GX, Wan WX, Bai MD, Cao ML, Li HM,
Yan SZ. [Radiofrequency ablation therapy combined with suture
and ligation surgery for patients with giant cavernous hemangiomas
of the liver]. Zhonghua Yi Xue Za Zhi 2006; 86: 2134-2137 [PMID:
17064621]

Hinshaw JL, Laeseke PJ, Weber SM, Lee FT Jr. Multiple-
electrode radiofrequency ablation of symptomatic hepatic
cavernous hemangioma. AJR Am J Roentgenol 2007; 189:
W146-W149 [PMID: 17715082 DOI: 10.2214/AJR.05.0750]

Ha JF, Sudhakar R, Chandraratna H. Combination laparoscopic
radiofrequency ablation and partial excision of hepatic
hemangioma. Ochsner J 2008; 8: 205-207 [PMID: 21603503]
Park SY, Tak WY, Jung MK, Jeon SW, Cho CM, Kweon YO, Kim
KC. Symptomatic-enlarging hepatic hemangiomas are effectively
treated by percutaneous ultrasonography-guided radiofrequency
ablation. J Hepatol 2011; 54: 559-565 [PMID: 21115209 DOI:
10.1016/j.jhep.2010.07.024]

Sharpe EE 3rd, Dodd GD 3rd. Percutaneous radiofrequency
ablation of symptomatic giant hepatic cavernous hemangiomas:
report of two cases and review of literature. J Vasc Interv
Radiol 2012; 23: 971-975 [PMID: 22720896 DOI: 10.1016/
jvir.2012.03.010]

WJG | www.wjgnet.com

7085

27

28

29

30

31

32

33

34

35

36

37

38

39

40

Zou H, Yan J, Wu YX, Ou X, Li XW, Xia F, Ma KS, Bie P. [The
new technology of enhanced radiofrequency ablation is safe and
effective for treating giant hepatic hemangioma]. Zhonghua Gan
Zang Bing Za Zhi 2012; 20: 261-265 [PMID: 22964145 DOI:
10.3760/cma.j.issn.1007-3418.2012.04.007]

Gao J, Ke S, Ding XM, Zhou YM, Qian XJ, Sun WB.
Radiofrequency ablation for large hepatic hemangiomas: initial
experience and lessons. Surgery 2013; 153: 78-85 [PMID:
22853860 DOLI: 10.1016/j.surg.2012.06.004]

Zhang X, Yang J, Yan L. Education and Imaging. Hepatobiliary
and pancreatic: radiofrequency ablation for caudate lobe
hemangioma. J Gastroenterol Hepatol 2013; 28: 765 [PMID:
23614345 DOI: 10.1111/jgh.12171]

van Tilborg AA, Nielsen K, Scheffer HJ, van den Tol P, van
Waesberghe JH, Sietses C, Meijerink MR. Bipolar radiofrequency
ablation for symptomatic giant (&gt;10 cm) hepatic cavernous
haemangiomas: initial clinical experience. Clin Radiol 2013; 68:
€9-¢14 [PMID: 23146554 DOI: 10.1016/j.crad.2012.08.029]

Gao J, Ding X, Ke S, Xin Z, Ning C, Sha Q, Sun W.
Radiofrequency ablation in the treatment of large hepatic
hemangiomas: a comparison of multitined and internally cooled
electrodes. J Clin Gastroenterol 2014; 48: 540-547 [PMID:
24926624 DOI: 10.1097/MCG.0b013e31829¢f037]

Gao J, Kong J, Ding XM, Ke S, Niu HG, Xin ZH, Ning CM,
Guo SG, Li XL, Zhang L, Dong YH, Sun WB. Laparoscopic
vs computerized tomography-guided radiofrequency ablation
for large hepatic hemangiomas abutting the diaphragm. World
J Gastroenterol 2015; 21: 5941-5949 [PMID: 26019459 DOI:
10.3748/wjg.v21.119.5941]

Gao J, Ji JS, Ding XM, Ke S, Xin ZH, Ning CM, Guo SG, Li XL,
Dong YH, Sun WB. Laparoscopic Radiofrequency Ablation for
Large Subcapsular Hepatic Hemangiomas: Technical and Clinical
Outcomes. PLoS One 2016; 11: €0149755 [PMID: 26901132 DOI:
10.1371/journal.pone.0149755]

JiJ, Gao J, Zhao L, Tu J, Song J, Sun W. Computed Tomography-
Guided Radiofrequency Ablation Following Transcatheter Arterial
Embolization in Treatment of Large Hepatic Hemangiomas.
Medicine (Baltimore) 2016; 95: €3402 [PMID: 27082617 DOI:
10.1097/MD.0000000000003402]

Zhang X, Yan L, Li B, Wen T, Wang W, Xu M, Wei Y, Yang
J. Comparison of laparoscopic radiofrequency ablation versus
open resection in the treatment of symptomatic-enlarging hepatic
hemangiomas: a prospective study. Surg Endosc 2016; 30: 756-763
[PMID: 26123327 DOI: 10.1007/s00464-015-4274-y]

van Tilborg AAJM, Dresselaars HF, Scheffer HJ, Nielsen K,
Sietses C, van den Tol PM, Meijerink MR. RF Ablation of Giant
Hemangiomas Inducing Acute Renal Failure: A Report of Two
Cases. Cardiovasc Intervent Radiol 2016; 39: 1644-1648 [PMID:
27387187 DOLI: 10.1007/500270-016-1415-1]

Wang S, Gao J, Yang M, Ke S, Ding X, Kong J, Xu L, Sun W.
Intratumoral coagulation by radiofrequency ablation facilitated
the laparoscopic resection of giant hepatic hemangioma: a surgical
technique report of two cases. Oncotarget 2017; 8: 52006-52011
[PMID: 28881707 DOI: 10.18632/oncotarget.18994]

Vagefi PA, Klein I, Gelb B, Hameed B, Moff SL, Simko JP,
Fix OK, Eilers H, Feiner JR, Ascher NL, Freise CE, Bass NM.
Emergent orthotopic liver transplantation for hemorrhage from
a giant cavernous hepatic hemangioma: case report and review.
J Gastrointest Surg 2011; 15: 209-214 [PMID: 20549381 DOI:
10.1007/s11605-010-1248-1]

Dindo D, Demartines N, Clavien PA. Classification of surgical
complications: a new proposal with evaluation in a cohort of 6336
patients and results of a survey. Ann Surg 2004; 240: 205-213
[PMID: 15273542]

Gao J, Sun WB, Tong ZC, Ding XM, Ke S. Successful treatment
of acute hemorrhagic cardiac temponade in a patient with
hepatocellular carcinoma during percutaneous radiofrequency
ablation. Chin Med J (Engl) 2010; 123: 1470-1472 [PMID:
20819611]

October 21,2017 | Volume 23 | Issue 39 |



Gao J et a/. Radiofrequency ablation of hepatic hemangiomas

41 Zhou M, He H, Cai H, Chen H, Hu Y, Shu Z, Deng Y.
Diaphragmatic perforation with colonic herniation due to hepatic
radiofrequency ablation: A case report and review of the literature.

Oncol Lett 2013; 6: 1719-1722 [PMID: 24260068 DOI: 10.3892/ 44
01.2013.1625]

42 Ng KK, Lam CM, Poon RT, Shek TW, Ho DW, Fan ST. Safety
limit of large-volume hepatic radiofrequency ablation in a rat 45
model. Arch Surg 2006; 141: 252-258 [PMID: 16549690 DOI:
10.1001/archsurg.141.3.252]

43 Ziemlewicz TJ, Wells SA, Lubner MA, Musat Al, Hinshaw

Raishidenge ~ WJG | www.wjgnet.com 7086

JL, Cohn AR, Lee FT Jr. Microwave ablation of giant hepatic
cavernous hemangiomas. Cardiovasc Intervent Radiol 2014; 37:
1299-1305 [PMID: 25023180 DOI: 10.1007/s00270-014-0934-x]
Liu L, Li N. Feasibility and Advantages of Large Liver
Hemangioma Treated with Laparoscopic Microwave Ablation.
Hepatogastroenterology 2014; 61: 1068-1073 [PMID: 26158167]
Tang XY, Wang Z, Wang T, Cui D, Zhai B. Efficacy, safety and
feasibility of ultrasound-guided percutaneous microwave ablation
for large hepatic hemangioma. J Dig Dis 2015; 16: 525-530 [PMID:
24945806 DOI: 10.1111/1751-2980.12169]

P- Reviewer: Atta H, Habib NA, Moris D S- Editor: Ma YJ
L- Editor: Wang TQ E- Editor: Huang Y

October 21,2017 | Volume 23 | Issue 39 |



W J

World Journal of
Gastroenterology

Submit a Manuscript: http:/ /www.f6publishing.com

DOI: 10.3748 /wjg.v23.i39.7087

World | Gastroenterol 2017 October 21; 23(39): 7087-7097

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Basic Study
Detection of KRAS G12D in colorectal cancer stool by
droplet digital PCR

ORIGINAL ARTICLE

Susana Olmedillas-Lépez, Dennis César Lévano-Linares, Carmen Laura Alz Alexandre, Luz Vega-Clemente,
Edurne Ledn Sanchez, Alejandro Villagrasa, Jaime Ruiz-Tovar, Mariano Garcia-Arranz, Damian Garcia-Olmo

Susana Olmedillas-Lépez, Luz Vega-Clemente, Alejandro
Villagrasa, Mariano Garcia-Arranz, Damian Garcia-Olmo,
Foundation Health Research Institute-Fundacién Jiménez Diaz
University Hospital, Madrid 28040, Spain

Dennis César Lévano-Linares, Mariano Garcia-Arranz,
Damian Garcia-Olmo, Department of Surgery, School of
Medicine, Universidad Autonoma de Madrid, Madrid 28029,
Spain

Dennis César Lévano-Linares, Jaime Ruiz-Tovar, Department
of Surgery, Rey Juan Carlos University Hospital, Madrid 28933,
Spain

Carmen Laura AUz Alexandre, Department of Pathology,
Fundacién Jiménez Diaz University Hospital, Madrid 28040,
Spain

Edurne Ledn Sanchez, Department of Biomedicine and
Biotechnology, Universidad de Alcala, Madrid 28805, Spain

Damian Garcia-Olmo, Department of Surgery, Fundacion
Jiménez Diaz University Hospital, Madrid 28040, Spain

ORCID number: Susana Olmedillas-Lopez (0000-0002-6535-5852);
Dennis César Lévano-Linares (0000-0003-3027-4005);
Carmen Laura Atz Alexandre (0000-0001-5045-1326);
Luz Vega-Clemente (0000-0002-8558-1937); Edurne Ledn
Sanchez (0000-0002-8279-4881); Alejandro Villagrasa
(0000-0002-2683-4738); Jaime Ruiz-Tovar (0000-0002-8505-2605);
Mariano Garcia-Arranz (0000-0002-6266-9055); Damian Garcia-
Olmo (0000-0002-9369-2338).

Author contributions: Olmedillas-Lopez S and Lévano-
Linares DC contributed equally to this work; Olmedillas-Lopez
S, Lévano-Linares DC, Garcia-Arranz M and Garcia-Olmo D
conceived and designed the experiments; Olmedillas-Lopez
S, Atz Alexandre CL, Vega-Clemente L, Ledn Sanchez E and
Villagrasa A performed the experiments; Olmedillas-Lopez S,
Lévano-Linares DC, Ruiz-Tovar J, Garcia-Arranz M and Garcia-
Olmo D analyzed the data; Olmedillas-Lopez S and Lévano-
Linares DC wrote the paper.

Baishidenge ~ WJG | www.wjgnet.com

Supported by “Fondo de Investigaciones Sanitarias (FIS)-
FEDER”, Ministry of Health, Spain, No. PI13/01924 to
Garcia-Olmo D; and RETIC Program of ISCIII-FEDER, No.
RD12/0019/0035 to Olmedillas-Lopez S.

Institutional review board statement: This study was
reviewed and approved by the Institutional Ethics Committee
for Clinical Research of the Fundacion Jiménez Diaz University
Hospital (FID) (PIC 63/2016_FID).

Conflict-of-interest statement: The authors have no conflict of
interest to declare.

Data sharing statement: Individual participant consent was not
obtained for data sharing but the presented data are anonymized
and there is no possibility of identification. No additional data are
available.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: Susana Olmedillas-Lépez, PhD, Postdoc
Researcher, Foundation Health Research Institute-Fundacion
Jiménez Diaz University Hospital, Avda. Reyes Catélicos 2,
Madrid 28040, Spain. susana.olmedillas@fjd.es

Telephone: +34-91-5504800-2781

Fax: +34-91-5505353

Received: June 28,2017
Peer-review started: June 28, 2017
First decision: August 15,2017
Revised: September 15, 2017
Accepted: September 26, 2017

October 21, 2017 | Volume 23 | Issue 39 |



Olmedillas-Lopez S et a/. Stool KRAS G12D detection by ddPCR

Article in press: September 26, 2017
Published online: October 21, 2017

Abstract

AIM

To assess KRAS G12D mutation detection by droplet
digital PCR (ddPCR) in stool-derived DNA from
colorectal cancer (CRC) patients.

METHODS

In this study, tumor tissue and stool samples were
collected from 70 patients with stage I-IV CRC
diagnosed by preoperative biopsy. KRAS mutational
status was determined by pyrosequencing analysis
of DNA obtained from formalin-fixed paraffin-
embedded (FFPE) tumor tissues. The KRAS G12D
mutation was then analyzed by ddPCR in FFPE tumors
and stool-derived DNA from patients with this point
mutation. Wild-type (WT) tumors, as determined by
pyrosequencing, were included as controls; analysis
of FFPE tissue and stool-derived DNA by ddPCR was
performed for these patients as well.

RESULTS

Among the total 70 patients included, KARAS mutations
were detected by pyrosequencing in 32 (45.71%),
whereas 38 (54.29%) had WT tumors. The frequency
of KRAS mutations was higher in left-sided tumors (11
located in the right colon, 15 in the left, and 6 in the
rectum). The predominant point mutation was KRAS
G12D (14.29%, n = 10), which was more frequent in
early-stage tumors (I-IIA, 7 = 7). In agreement with
pyrosequencing results, the KRAS G12D mutation
was detected by ddPCR in FFPE tumor-derived DNA,
and only a residual number of mutated copies was
found in WT controls. The KRAS G12D mutation was
also detected in stool-derived DNA in 80% of all fecal
samples from CRC patients with this point mutation.

CONCLUSION

ddPCR is a reliable and sensitive method to analyze
KRAS G12D mutation in stool-derived DNA from CRC
patients, especially at early stages. This non-invasive
approach is potentially applicable to other relevant
biomarkers for CRC management.

Key words: Droplet digital PCR; KRAS; Stool; Formalin-
fixed paraffin-embedded; Pyrosequencing; Colorectal
cancer

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The potential of droplet digital PCR (ddPCR)
to detect KRAS G12D mutation in stool DNA from
colorectal cancer (CRC) patients was examined as a
proof-of-concept for the applicability of this technology
to study DNA biomarkers in stool-derived DNA. It was
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shown that KRAS G12D detection in stool-derived DNA
from CRC patients by ddPCR is feasible and provides
comparable results to the analysis of formalin-fixed
paraffin-embedded tissue by pyrosequencing. These
results suggest that analysis of KRAS mutations and
other molecular biomarkers in stool by ddPCR could
represent a complementary non-invasive approach to
standard screening tests for CRC.

Olmedillas-Lopez S, Lévano-Linares DC, Auz Alexandre
CL, Vega-Clemente L, Leon Sanchez E, Villagrasa A, Ruiz-
Tovar J, Garcia-Arranz M, Garcia-Olmo D. Detection of KRAS
G12D in colorectal cancer stool by droplet digital PCR. World J
Gastroenterol 2017; 23(39): 7087-7097 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i39/7087.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i39.7087

INTRODUCTION

Colorectal cancer (CRC) is the second and third most
common cancer in women and men, respectively,
with more than one million cases diagnosed each
year worldwide!"!. Current therapeutic options have
increased overall survival (OS), but have also made
clinical decisions more complex, especially in patients
with an initial diagnosis of metastatic colorectal cancer
(mCRC)™.. Biological agents targeting the epidermal
growth factor receptor (EGFR), such as cetuximab
and panitumumab, used either as monotherapy or
in combination with standard chemotherapy, are
indicated in mCRC patients with RAS (KRAS and NRAS)
or KRAS wild-type (WT) tumors, respectively®*.,
These strategies significantly improve progression-
free survival (PFS) and OS in KRAS WT mCRC patients
depending on the therapeutic regimen applied
(chemotherapy and line of treatment)®*!,

KRAS oncogene mutations, mostly found in codons
12 and 13, have been described in approximately
30%-40% of CRC tumors”. These mutations are
associated with absence of response to therapy with
biological agents™®') and have been correlated with
worse prognosis'****!, In fact, in Europe and the
United States, monoclonal antibody-based therapy
has been restricted to patients with WT tumorst**,
as when administered in association with standard
chemotherapy, this treatment may result in an
increased cost and toxicity!*®. Drug resistance can
occur months after start of combined therapy, likely
due to intratumoral heterogeneity and proliferation
of small sub-groups of clonal cells carrying resistance
mutations that are difficult to identify by most of the
currently applied methods!****!, Therefore, highly
sensitive and specific methodologies are needed to
detect and quantify molecular markers, including KRAS
mutations, which play a pivotal role in early detection
and clinical management of CRC patients.

October 21, 2017 | Volume 23 | Issue 39 |



Olmedillas-Lépez S et a/. Stool KRAS G12D detection by ddPCR

Droplet digital PCR (ddPCR) is increasingly seen
as one of the most powerful techniques to accurately
detect a wide variety of genetic alterations in many
cancer types. These molecular biomarkers have been
analyzed by ddPCR in different body fluids such as
blood, urine, cerebrospinal fluid, pleural effusions,
ascites and sputum (reviewed in™®).

Stool-derived DNA is a potential non-invasive
alternative source of DNA for tumor genotyping in
CRC due to the high rate of exfoliation of tumor
cells into the bowel lumen™”. Digital PCR was first
described in 1999 by Vogelstein and Kinzler in a study
aimed at identifying KRAS in DNA obtained from fecal
samples of CRC patients™®. Based on the isolation of
single molecules by limiting dilution of DNA samples
and individual amplification by PCR, mutations
were detected using fluorescent probes. However,
this methodology was found to be quite laborious
and difficult to translate into clinical practice!.
The introduction of new instrumentation involving
nanofluidic devices and improved emulsion chemistries
has allowed for more widespread use of digital PCR,
giving way to the current commercially available
platforms™®’; of these, emulsion-based ddPCR has
undergone huge growth in cancer research. In fact, a
recent study has investigated the application of ddPCR
to quantify mRNA biomarkers in stool from patients
with CRC as a potential non-invasive screening test!'”’,
Thus, analysis of DNA obtained from fecal samples in
patients with CRC may complement currently used
procedures for diagnosis and disease follow-up.

In our experience, ddPCR has shown high sen-
sitivity for detection of mutated KRAS alleles in
circulating cell-free DNA (cfDNA) in plasma from CRC
patients'®®. However, early-stage patients sometimes
have undetectable levels of circulating tumor DNA
(ctDNA)?*?1, The aim of this study was to evaluate the
feasibility of KRAS G12D mutation detection in stool-
derived DNA from CRC patients by ddPCR, including
early-stage patients.

MATERIALS AND METHODS

Patients

Seventy CRC patients were consecutively included in
this study from 2014 to 2015 in the Department of
General Surgery at Fundacion Jiménez Diaz University
Hospital (Madrid, Spain). Inclusion criteria were
endoscopic histological diagnosis of CRC and eligibility
for primary tumor resection with curative intent.
Patients with primary tumors located in the rectum
who had received prior neoadjuvant treatment were
excluded. All subjects signed an informed consent in
accordance with a protocol approved by the Ethics
Committee for Clinical Research of this institution (PIC
63/2016_FID).
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Fecal sample collection

All fecal samples were collected during hospitalization
before surgery without any bowel preparation (with the
exception of patient 17, who was subjected to cathartic
preparation due to an oversight). Stool samples were
collected in sterile containers and stored at -20 C until
analysis.

DNA extraction

A total amount of 200-500 mg of fecal sample was
used for DNA extraction. DNA was isolated using the
QIAamp DNA Stool Mini kit (Qiagen, Hilden, Germany)
according to the manufacturer’s instructions. DNA
from the LS-174T cell line (kindly provided by the
Translational Oncology Division, OncoHealth Institute,
IIS-FID, which had previously purchased this cell
line from the American Type Culture Collection,
ATCC in Manassas, VA, United States) and DNA from
peripheral blood mononuclear cells of a healthy donor
were extracted with the QIAamp DNeasy Blood and
Tissue Kit (Qiagen) according to the manufacturer’s
protocol. DNA from formalin-fixed paraffin-embedded
(FFPE) tumors was extracted using the Cobas DNA
Sample Preparation Kit (Roche Molecular Systems,
Inc., Branchburg, NJ, United States) following the
manufacturer's instructions. The quantity and purity
of the DNA obtained was estimated by NanoDrop
(ND-2000 UV-Vis Spectrophotometer; Nanodrop
Technologies Inc., Waltham, MA, United States).

Mutation detection in FFPE tumor samples by
pyrosequencing

Quantitative analysis of KRAS mutations was per-
formed by pyrosequencing in accordance with routine
practice at the Department of Pathology at Fundacion
Jiménez Diaz University Hospital, using the CE-IVD
marked Therascreen KRAS Pyro kit (Qiagen), according
to the manufacturer’s protocols. Each PCR product was
analyzed by pyrosequencing using the Therascreen
KRAS Pyro reagents (Qiagen), Streptavidin Sepharose
High Performance (GE Healthcare Bio-Science AB,
Uppsala, Sweden), and a PyroMark Q24 instrument

(Qiagen).

Mutation detection in FFPE tumor tissues and stool
samples by ddPCR

ddPCR assays were performed using the QX200
Droplet Digital PCR System (Bio-Rad, Hercules,
CA, United States) with the Prime-PCR™ ddPCR™
Mutation Detection Assay Kit (Bio-Rad); amplicon
size was 57 bp. DNA from LS-174T, a human colon
adenocarcinoma KRAS G12D heterozygous cell line,
was used as a positive control. KRAS WT control DNA
was obtained from peripheral blood mononuclear
cells of a healthy donor. Background was measured
by adding water to the reaction mixture instead of
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DNA. The PCR reaction mixture (20 uL) contained 10
pL of ddPCR Supermix (no dUTP) for probes, 1 uL of
each primer/probe mix (target and reference, labeled
with HEX and FAM fluorophores, respectively), and
2-8 pL of stool-extracted DNA. Different amounts of
stool-derived DNA were assayed per sample, as the
proportion of human DNA with respect to bacterial
DNA was unknown and could vary among patients. A
total amount of 100 ng of cell-derived control DNA was
added per well. In case of DNA from FFPE tumors, 50
ng per well was used. Thermal cycling consisted of 10
min at 95 'C, 40 cycles of 94 °C for 30 s, and 55 C for
60 s. Results were analyzed using QuantaSoft v.1.7
software (Bio-Rad) and reported as number of copies
per 20 ulL reaction as well as copies per ng of DNA.
Three to four replicates of each stool sample were
analyzed. FFPE tumors and controls were assayed in
duplicate.

Statistical analysis
A non-parametric Mann-Whitney test for significance
was performed using R software.

RESULTS

Patient characteristics
A total of 70 stool and tissue samples from CRC
patients were collected and included in the study.
All patients were classified according to the distance
between the primary tumor and anal margin (cm)
reported in the preoperative colonoscopy. Forty-one
(58.57%) were male, with a median age of 73 years.
Only 5 (7.14%) had a diagnosis of mCRC at baseline.
The patients included in this study were repre-
sentative of all tumor locations, with 28 (40%) located
in the right colon, 34 (48.57%) in the left colon, and
8 (11.43%) in the rectum. Interestingly, 45 (64.29%)
patients were diagnosed at an early stage (I-IIA).
Clinical and pathological features are summarized in
Table 1.

KRAS mutations in FFPE tumor samples analyzed by
pyrosequencing

KRAS mutations were found in the tumors of 32
patients (45.71%), including 11 in the right colon, 15
in the left, and 6 in the rectum. Most mutations were
located at codon 12 (n = 17, 53.12%) or codon 13 (n
=6, 18.75%). The most prevalent mutation was G12D
(n =10, 14.29%). Two were located in the right colon,
6 in the left colon, and 2 in the rectum. This mutation
was found more frequently in early-stage tumors
(I-IIA, n = 7). The incidence of the different types of
mutations is shown in Table 2.

KRAS G12D detection in FFPE tumor samples by ddPCR
FFPE tumors from patients found to have a KRAS
G12D mutation by pyrosequencing were analyzed
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using ddPCR. Five CRC patients with WT KRAS exon 2
tumors were selected as controls. One control carried
a KRAS Q61L mutation (exon 3) that did not interfere
with our assays. Results obtained from ddPCR analysis
of FFPE tumor DNA from these 15 CRC patients
were in agreement with pyrosequencing results. A
residual number of KRAS G12D copies was found in
WT tumors. Due to this level of unspecific background
signal, mean copies/ng DNA from control patients
plus 2 standard deviation (SD) was considered as
a threshold for positivity (0.41 copies/ng DNA). All
samples from patients with G12D-positive tumors were
above this threshold and showed a significantly higher
number of mutant copies/ng DNA than patients with
WT KRAS tumors (median, 106 and 0.19 copies/ng
DNA, respectively; P = 0.001). However, the difference
in number of WT KRAS copies/ng DNA between both
groups was not statistically significant (210.00 copies/
ng vs 208.40 copies/ng DNA, median; P = 0.699).

KRAS G12D detection in stool samples by ddPCR
Subsequently, we analyzed the presence of the
KRAS G12D mutation by ddPCR analysis of fecal
samples from the 10 patients with mutated tumors
by pyrosequencing. Stool DNA from 5 patients with
tumors carrying the WT KRAS exon 2 were also
included as controls. A limited number of KRAS G12D-
positive events were detected in stool DNA from
control WT KRAS exon 2 samples. Consequently,
mean control value plus 2 SD was established as the
positivity threshold. Thus, in our study, stool samples
were required to contain more than 1.9 copies/20 uL
of reaction to be considered positive for the mutation.
According to this threshold, which was equivalent
to > 3 positive events per sample, the KRAS G12D
mutation was detected in 8 of 10 patients. Of these
8 positive samples, 6 were from early-stage tumors.
Samples from Patients 46 and 64 were considered
negative because they had values less than or equal
to the positivity threshold. KRAS G12D mutation
levels in stool samples are shown in Tables 3 and 4.
The median number of copies of KRAS G12D/20 pL of
reaction as well as copies/ng of stool DNA in control
patients differed significantly from those with mutated
tumors (P = 0.017). The KRAS WT sequence was also
detected in stool samples of all CRC patients, though
there were no significant differences in the median
number of KRAS WT copies/ng of stool DNA between
both groups (P = 0.129).

In summary, the results of pyrosequencing were in
100% agreement with ddPCR analysis in FFPE tissues,
whereas ddPCR detected the KRAS mutation in 8 out
of 10 stool samples.

DISCUSSION

Despite the advances made in CRC research, the
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Table 1 Patient characteristics

Colorectal cancer patients, 7 = 70
Right colon, Left colon, Rectum,

n =28 n =34 n=8
Sex Female 13 13 3
Male 15 21 5
Age (mean) 76.89 72.26 70.63
pT T1 3 4 2
T2 6 9 2
T3 16 18 3
T4 3 3 1
pN NO 20 22 8
N+ 8 12 -
Stage I 9 10 4
Da 9 10 3
b 1 1 1
Ma 1 8
b 4 5 -
Mc 2 2 -
v 2 3
KRAS status Mutant 11 15 6
Wild-type 17 19 2

disease remains a major cause of death worldwide.
Recently, the analysis of KRAS oncogene mutations
has taken on a major prognostic role in CRC clinical
management'”” owing to the fact that the presence
of these mutations, which have been described
in approximately 30%-40% of cases!**, could
determine the absence of response to anti-EGFR
therapies and worse outcome in cases of metastatic
disease!’®*l, The most frequent KRAS mutations
are located at codons 12 and 13; of these, G12D
and G13D are particularly relevant, representing
around 13%-14% and 6%-7% of all cases, respe-
ctively”?*), Moreover, worse prognosis has been
documented among patients with tumors with the
G12D mutation™®®, In agreement with previous
observations, the incidence of KRAS G12D mutation in
our study population was 14.29%.

Molecular biomarkers in blood and stool may be
used as a complementary screening strategy and
prognostic tool for the prediction of clinical outcome
in patients with or at high risk for CRC**!, Not only in
CRC, but also in many other human malignancies, the
analysis of molecular biomarkers in plasma and other
body fluids is attracting increasing interest as a highly
valuable, non-invasive predictive tool for monitoring
disease progression and response to treatment™®. In
CRC, KRAS mutations have been analyzed in blood,
both in DNA obtained from circulating tumor cells!
and in cfDNAP®, KRAS-mutation detection by digital
PCR has been described using several commercially
available platforms™***?!, most of which are focused
on detecting mutations in plasma. One of these
strategies is ddPCR, which has shown a remarkably
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high sensitivity when detecting these minority KRAS
alleles present at low levels in plasma DNA.

In a previous study, using ddPCR, we detected
the KRAS G12V mutation in plasma cfDNA from 9
of 10 patients whose tumors were also mutated™®.
In this study, we found that metastatic patients had
a significantly higher number of mutated copies in
circulating cfDNA than MO patients. The only negative
sample was obtained from a TINOMO patient. These
results are in line with other studies: Bettegowda et a/*!!
also reported that ctDNA in plasma increases with
disease stage, and only 47% of early-stage patients
with a wide variety of cancers had detectable levels
of ctDNA. Similarly, Galanopoulos et a/*® recently
described that the KRAS codon 12 mutation rate in
cfDNA is significantly higher in CRC patients compared
to healthy subjects, though this methodology seems
to have limited potential for predicting the existence of
premalignant lesions (neoplastic colonic polyps). Taken
together, these findings suggest that at early disease
stages, levels of mutated copies in circulating cfDNA
may be, in some cases, too low for detection. Thus,
alternative non-invasive methods are still needed.

Interestingly, in a very recent study, ddPCR was also
used to quantify an mRNA biomarker, ITGA6, in stool
from patients with CRC"”". Tumor-derived nucleic acids
present in stool samples come from the exfoliation of
tumor cells of the intestinal mucosa and are a non-
invasive, alternative source of genetic material for
KRAS oncogene mutation screening in CRC patients®..
Exfoliation of colonocytes into the large bowel lumen
is a continuous, naturally-occurring phenomenon
that seems to be exacerbated in tumors™**!, Thus,
colonocyte shedding from malignant lesions is more
frequent than from healthy mucosa®®**"). Hypothetically,
DNA from colorectal tumors should be shed into the
bowel fecal content before reaching the bloodstream.
This would make testing stool DNA for CRC screening
more time-sensitive than plasma or other biological
fluids®®.

The proof-of-concept study for stool DNA analysis
for CRC detection screened 15 point mutations in
several genes, including KRAS™. Subsequently,
several case-control and prospective studies™***? led
to the 2014 approval by the United States Food and
Drug Administration of a fecal DNA analysis system
called Cologuard™ (Exact Sciences Corporation,
Madison, WI, United States) for CRC detection. This
system includes an immunochemical assay for human
hemoglobin and molecular biomarkers associated with
CRC, such as methylation markers (BMP3 and NFRG4
gene promoter regions), KRAS mutations, and B-actin.
The test is based on amplification and detection by
Quantitative Allele-specific Real-time Target and Signal
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Table 2 KRAS mutational status by pyrosequencing

KRAS wild-type KRAS mutations
Codon 12 Codon 13 Others
G12D G12V  GI2R G12S Gi13D Gi13R A146V A146T A59T Qé61R Qé61H QéiIL

Right colon 17 2 0 1 0 ] 1 1 1 0 1 1 0
Left colon 19 6 5 0 0 1 0 1 1 1 0 0 0
Rectum 2 2 0 0 1 1 0 0 0 0 0 1 1

10 5 1 1 5 1 2 2 1 1 2 1
Total 38 (54.29%) 32 (45.71%)

Amplification (QUARTS™) technology. However, this noted that the two negative samples showed peak
system still has limited application in clinical practice of absorbance at this same wavelength. Thus, the

due to its elevated cost. Additionally, the technical sensitivity of detection in our assay could have been
difficulties of this test include the need for a large greatly reduced by the presence of PCR inhibitors in
volume of stool sample and the high rate of false- these samples.
positive results, creating a need for more confirmative The sample from Patient 17 is noteworthy for its
colonoscopies and additional costs™®. Further studies remarkably high concentration of both mutated and
evaluating the cost-effectiveness of this test for large- WT copies. It is worth mentioning that this patient
scale population screening are needed™”, was subjected to cathartic preparation prior to sample
Fecal DNA analysis for mutation detection has collection due to an oversight. The rest of the samples
also been reported using several digital PCR sys- were collected without any bowel preparation. We

tems!®?7#4 48] the first of which were the studies hypothesize that purging could have increased the
carried out by Vogelstein and Kinzler®**, which led exfoliation of tumor cells into the bowel lumen. This
to the development of BEAMing (named for ‘beads, unexpected observation raises the question of whether
emulsions, amplification, and magnetics’)*”), Other bowel preparation could be advisable prior to sample

examples are target-enriched multiplex PCR (Tem- collection to increase the sensitivity of detection in
PCR)*”!, MDHB (multiplex digital PCR coupled with stool screening of KRAS mutations by ddPCR.

hydrogel bead-array)™®, and MLPA-DABA (multiplex To our knowledge, this is the first study to evaluate
ligation-dependent probe amplification-digital ampli- the feasibility of detection of the KRAS G12D mutation

fication coupled with hydrogel bead-array)™*®. It is in stool DNA from CRC patients using this particular
worth mentioning that, to date, none of these systems ddPCR platform. Our results are in line with the above-

has been further developed and subjected to clinical mentioned recently published study by Herring et al”,
validation for stool DNA screening. reporting the detection and accurate quantification of

In our study, DNA from fecal samples of CRC an mRNA biomarker in stool from CRC patients using
patients was successfully obtained in all cases. the same ddPCR system. In light of these results, the

Presence of the KRAS G12D mutation was determined analysis of CRC biomarkers in stool using ddPCR merits
by pyrosequencing of FFPE tissue as a reference further study in larger cohorts of patients to evaluate
standard. Results of KRAS G12D mutation detection in the clinical utility of this approach.

FFPE tumors using ddPCR were in total agreement with We analyzed only the most prevalent KRAS
pyrosequencing analysis. This was expected, given mutation (G12D) in our population, as it was the only
the fact that ddPCR has been proven to achieve higher one with a sufficient number of samples available for
sensitivity than pyrosequencing™®. Once the KRAS  analysis (n = 10). Another reason for choosing G12D
G12D mutation had been screened in tumor tissues, as a target was that it has the highest incidence in
DNA from stool samples obtained from the same CRC patients worldwide and is associated with poor
patients prior to surgery was also analyzed. Thus, we clinical outcome™?¥, For lower-incidence mutations,
were able to detect the KRAS G12D mutation in 8 out such as G12V, there were too few samples in our study
of 10 stool samples from patients known to carry this population to provide conclusive results. The analysis
mutation in their tumors using both methods. It is of KRAS G12D performed in this study represents a
noteworthy that 6 of these 8 samples were from early- proof-of-concept of the feasibility of this strategy as
stage patients (I -1IA), highlighting the potential of a first step prior to the screening of other relevant
this approach to identify KRAS mutations at the initial hotspot mutations.

stages of the disease. This preliminary study demonstrates the capability
Absorbance at a wavelength of 230 nm has been of ddPCR to detect KRAS mutations in stool-derived
reported as an indicator of the level of potential DNA, acting as a complementary approach to tissue

PCR inhibitors in fecal samples®”, and it should be biopsy for tumor genotyping. These results pave the
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the later, especially at early stages, as tumor DNA will
reasonably reach the fecal content more quickly than
the bloodstream, at least during the initial phases of

cancer development.

ARTICLE HIGHLIGHTS

Research background

Clinical management of colorectal cancer (CRC) requires analysis of molecular
biomarkers, such as KRAS or NRAS mutations, which are associated with the
emergence of resistance to therapy with biological agents. Tumor genotyping
is usually performed using DNA from tissue biopsies, and, in recent years, from
blood as well. However, at early disease stages, levels of mutated copies in
circulating cell-free DNA may be, in some cases, too low for detection. Thus,
extremely sensitive and non-invasive alternative methods are still needed to
improve detection and achieve accurate quantification of these biomarkers.

Research motivation

Stool is an alternative and non-invasive source of genetic material for tumor
genotyping in CRC. To date, several strategies based on analysis of molecular
markers in fecal samples have been proposed, though their application
in clinical practice remains limited due to their elevated cost and reduced
sensitivity at early stages of disease.

Research objectives

The aim of this study was to assess the potential of droplet digital PCR (ddPCR)
to detect the KRAS G12D mutation in stool-derived DNA from CRC patients
as a proof-of-concept for the applicability of this technology as a non-invasive
method of studying clinically relevant DNA biomarkers in stool.

Research methods

KRAS mutations were determined by pyrosequencing in DNA obtained from
formalin-fixed paraffin-embedded (FFPE) tumor tissues. Then, KRAS G12D
mutation was analyzed by ddPCR in FFPE tumors and stool-derived DNA in
samples obtained from patients carrying this point mutation.

Research results

The KRAS G12D mutation was detected by ddPCR in FFPE tumor-derived
DNA and in stool-derived DNA in 80% of all fecal samples from CRC patients
with this mutation.

Research conclusions

This is the first study to describe the detection of the KRAS G12D mutation in
stool-derived DNA from CRC patients using a commercially available ddPCR
platform, including in individuals with early stages of the disease. dPCR served
as a reliable tool for detecting this clinically relevant mutation in stool-derived
DNA from CRC patients. Several stool-based strategies involving digital PCR
have been investigated to analyze relevant mutations for CRC management.
However, none of these approaches has been further developed and subjected
to clinical validation for stool DNA screening to date.

The advantages of ddPCR technology, together with instrumentation and
protocols easily adoptable by any lab, support a potential translation of this
approach to clinical scenarios. Our results show that KRAS G12D detection in
stool-derived DNA from CRC patients by ddPCR is feasible and suggests this
technology might be useful for the analysis of other molecular markers in stool.
The authors hypothesized that ddPCR could be a reliable and sensitive method
of analyzing KRAS mutations in stool-derived DNA, providing reproducible and
accurate results.

This study proposed a new strategy based on detecting KRAS mutations in
stool-derived DNA using a commercially available ddPCR platform. ddPCR
is an emulsion-based amplification technology with fluorescently labelled
probes. KRAS G12D mutation detection in stool-derived DNA by ddPCR is a
fast, simple, and affordable approach which could be adapted to detect other
clinically relevant molecular biomarkers for CRC management. This technique
is more feasible for implementation into routine clinical practice than other
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previously described stool-based strategies.

ddPCR provided sensitive, accurate, and reproducible results for detection of
the KRAS G12D mutation in stool-derived DNA from CRC patients, especially
at early stages of the disease. In light of our results, it could be proposed that
biomarker analysis by ddPCR in stool samples may complement current CRC
screening methods; stool-derived nucleic acid testing by ddPCR offers an
alternative to tissue genotyping and blood-based biomarker quantification, is
a less invasive tool than the former and is likely more time-sensitive than the
latter, especially at early stages, as tumor DNA will reasonably reach the fecal
content more quickly than the bloodstream, at least during the initial phases of
cancer development.

Research perspectives

KRAS mutations are analyzable by ddPCR in stool-derived DNA from CRC
patients, including early-stage patients. This observation merits further studies
aimed at evaluating and improving the efficiency of this approach prior to
its clinical application. These results pave the way for ddPCR analysis of
other molecular biomarkers of CRC in stool. Further studies involving larger
cohorts of patients and samples collected at different time points throughout
the progression of the disease should be performed in order to confirm the
prognostic value and economic viability of this tool before implementation in
clinical practice. A multiplex assay simultaneously covering all KRAS mutations
relevant for anti-EGFR-therapy decision-making would maximize the benefits
and optimize the cost-effectiveness of this approach. This strategy should be
further investigated as a complementary screening test for early detection of
CRC.
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Abstract

AIM

To identify the optimal oral dosing time of Da-Cheng-Qi
decoction (DCQD) in rats with acute pancreatitis (AP)
based on the pharmacokinetic and pharmacodynamic
parameters.

METHODS

First, 24 male Sprague-Dawley rats were divided into
a sham-operated group [NG(a)] and three model
groups [4hG(a), 12hG(a) and 24hG(a)]. The NG(a) and
model groups were administered DCQD (10 g/kg.BW)
intragastrically at 4 h, 4 h, 12 h and 24 h, respectively,
after AP models induced by 3% sodium taurocholate.
Plasma samples were collected from the tails at 10
min, 20 min, 40 min, 1 h, 2 h,4h, 8 h, 12 hand 24 h
after a single dosing with DCQD. Plasma and pancreatic
tissue concentrations of the major components of
DCQD were determined by high-performance liquid
chromatography tandem mass spectroscopy. The
pharmacokinetic parameters and serum amylase were
detected and compared. Second, rats were divided into
a sham-operated group [NG(b)] and three treatment
groups [4hG(b), 12hG(b) and 24hG(b)] with three
corresponding control groups [MG(b)s]. Blood and
pancreatic tissues were collected 24 h after a single
dosing with DCQD. Serum amylase, inflammatory
cytokines and pathological scores of pancreatic tissues
were detected and compared.

RESULTS

The concentrations of emodin, naringin, honokiol,
naringenin, aloe-emodin, chrysophanol and rhe-
ochrysidin in the 12hG(a) group were higher than
those in the 4hG(a) group in the pancreatic tissues (P
< 0.05). The area under the plasma concentration-time
curve from time 0 to the time of the last measurable
concentration values (AUCo—t) for rhein, chrysophanol,
magnolol and naringin in the 12hG(a) group were
larger than those in the 4hG(a) or 24hG(a) groups.
The 12hG(a) group had a higher Cmax than the other
two model groups. The IL-10 levels in the 12hG(b) and
24hG(b) groups were higher than in the MG(b)s (96.55
+ 7.84 vs 77.46 £ 7.42, 251.22 £ 16.15 v5 99.72 £ 4.7
respectively, P < 0.05), while in the 24hG(b) group, the
IL-10 level was higher than in the other two treatment
groups (251.22 £+ 16.15 vs 154.41 + 12.09/96.55 +
7.84, P < 0.05). The IL-6 levels displayed a decrease
in the 4hG(b) and 12hG(b) groups compared to the
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MG(b)s (89.99 + 4.61 vs 147.91 + 4.36, 90.82 + 5.34
vs 171.44 + 13.43, P < 0.05).

CONCLUSION

Late-time dosing may have higher concentrations of
the most major components of DCQD, with better
pharmacokinetics and pharmacodynamics of anti-
inflammation than early-time dosing, which showed the
late time to be the optimal dosing time of DCQD for AP.

Key words: Da-Cheng-Qi decoction; Acute pancreatitis;
Pharmacokinetics; Oral dosing time; Pharmacodynamics

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our study group had raised the hypothesis
of tissue pharmacology of an herbal recipe, which
assumed the effect of an herb formula is related to its
target tissue distribution or concentration of effective
components in target tissues. This study was then
designed to screen the optimal oral dosing time of
Da-Cheng-Qi decoction (DCQD) in rats with acute
pancreatitis based on the pharmacokinetics of the main
absorbed components and the pharmacodynamics of
DCQD targeting of the pancreas.

Zhang YM, Zhu L, Zhao XL, Chen H, Kang HX, Zhao JL,
Wan MH, Li J, Zhu L, Tang WF. Optimal timing for the
oral administration of Da-Cheng-Qi decoction based on the
pharmacokinetic and pharmacodynamic targeting of the pancreas
in rats with acute pancreatitis. World J Gastroenterol 2017,
23(39): 7098-7109 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i39/7098.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i39.7098

INTRODUCTION

Da-Cheng-Qi decoction (DCQD) was first described
in Shang-Han-Lun, a classical work of Traditional
Chinese Medicine (TCM). DCQD consists of four
Chinese herbs: dahuang (Rheum palmatum L.),
mangxiao (Mirabilite, Na2S04-10H20), houpu (Magnolia
officinalis Rehd. et Wils.), and zhishi (Citrus aurantium
L.). It has been widely used as a purgative to treat
diseases with constipation and to clear away internal
heat™, such as in acute pancreatitis (AP), which has
a consensus in the relative treatment guidelines in
China. The efficacy of DCQD, administered orally or by
coloclyster to patients with AP, is obvious. According
to clinical observation, it can reduce intra-abdominal
hypertension™ and decrease the risk of developing
acute respiratory distress syndrome in severe AP
(SAP) patients with systemic inflammatory response
syndrome, and shorten their length of hospitalization™.
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In animal experiments, it can ameliorate acute
pancreatic, intestinal, lung and liver injury complicated
with SAP™?!, It can also reduce the generation of
reactive oxygen species in AR42] cells and regulate
the apoptosis/necrosis switch, to ameliorate the
pancreatic inflammation and pathological damage'™.
Other therapeutic activities of DCQD for AP, such
as its antioxidant, anti-inflammatory and anti-ulcer
propertiest”! are important. Its numerous roles indicate
the wide applicability of DCQD in AP.

However, early oral dosing with DCQD is contra-
dictory to the conventional therapy that considers
fasting and water deprivation are necessary for pan-
creatic rest in the early stage of AP. Conventionally,
any stimulation of the exocrine function of the pan-
creas by fluid or solid nutrients would promote the
release of proteolytic enzymes and affect the disease
course negatively!™. Early oral dosing with DCQD
may increase gastric contents, worsen stomachache
and abdominal distension, and even aggravate the
disease severity. However, it is not clear whether early
oral administration of DCQD increases pancreatic
secretion and worsens the disease severity. One
clinical observation revealed that the best time for
gastrointestinal unblocking by herbs was within 48 h
after the onset of AP, At the same time, releasing
excessive turbidity should be done sooner rather than
later to prevent intestinal function failure and disease
deterioration”. Some studies have indicated that AP
patients must pass feces within 24 h after the onset
of AP, as one method to support intestinal function to
control systemic inflammatory response syndrome
and protect organ functions™. It is still unclear if the
optimal oral dosing time of DCQD should be earlier
or later. Therefore, it is important to find the optimal
dosing time of DCQD at which DCQD will not worsen
the disease severity.

The necrosis of pancreatic acinar cells would
worsen the disease, and the induction of apoptosis
would decrease the disease severity®. Thus, based
on the effect of DCQD on regulation of the apoptosis/
necrosis switch of pancreatic acinar cells to ameliorate
pancreatic inflammation and pathological damage'®,
the study aimed to identify the optimal oral dosing
time of DCQD in rats with AP according to the
pharmacokinetics of the absorbed components and the
pharmacodynamics of DCQD targeting of the pancreas.

MATERIALS AND METHODS

Animals

Sprague-Dawley male rats (n = 66) aged 90 = 5 d,
with body weights of 280-300 g, were purchased from
Chengdu Dashuo Bio-Technique Co. Ltd. (Chengdu,
China). The animals were maintained as previously
described™®, Before AP induction, rats were fasted for
12 h. This study was performed according to the Guide
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for the Care and Use of Laboratory Animals of Sichuan
University (Chengdu, China) and the Animal Ethics
Committee Guidelines of the Animal Facility of the
West China Hospital (Chengdu, China).

Preparation of drugs

Sodium taurocholate was supplied by Sigma (St.
Louis, MO, United States). Spray dried particles
of dahuang, mangxiao, houpu, and zhishi were
purchased from Chengdu Green Herbal Pharmaceutical
Co. Ltd. (Chengdu, China). Chloral hydrate (10%),
paraformaldehyde (4%) and methanol were obtained
from Tedia Co. Ltd. (Nos. 509221 and 609144;
Fairfield, OH, United States,). Glacial acetic acid (No.
20030911) and ethyl acetate (No. 20070116) were
purchased from Chengdu Kelon Chemical Reagent
Factory (Chengdu, China). Reference standards of the
10 components of DCQD were purchased from the
same companies. According to the proportion of crude
drugs (dahuang 12 g, houpu 24 g, zhishi 12 g, and
mangxiao 9 g), the granules of the four drugs were
stirred with ultra-pure water by magnetic stirrers with
a speed setting of grade 5 for 1 h in a water bath at
a temperature of 37 °C for 30 min. According to the
Method of Pharmacology, the least dosage of DCQD is
0.6 g/100 g.BW for rats. In this study, the dosage was
1 g/100 g.BW (10 g/kg.BW) with the concentration of
1g/mL.

Equipment and conditions

The magnetic stirrer (C-MAG, MS 7) was provided
by the IKA Company (Breisgau, Germany). The
analytical balance (BSA-224S-CW) was provided by
the Sartorius Company (Goettingen, Germany). The
micro-infusion pump was obtained from KD Scientific
(Holliston, MA, United States). Conventional operation
instruments, fixation-machines for rats, and the 1.5
mL and 10 mL centrifuge tubes were purchased from
Shimadzu (Kyoto, Japan). The high-performance liquid
chromatography tandem mass spectroscopy (HPLC-
MS/MS) system consisted of a SIL-HTc autosampler
(Shimadzu), a LC-10ADvp pump (Shimadzu), and an
API3000 triple-quadrupole LC-MS system (Applied
Biosystems, Foster City, CA, United States). This
system was controlled by Analyst 1.4. Software
(Chinese Pharmacological Society, Beijing, China). The
chromatographic column was an Ultimate XB-Cis (5
um, 50 mm x 4.6 mm). The mobile phase consisted of
methanol-water (92:8, v/v) delivered at a flow rate of
0.3 mL/min. The column was maintained at ambient
temperature, and the injection volume was 80 puL. The
Anke centrifuge TGL-16B was supplied by Shanghai
An-Ting Science Technology Instrument Factory
(Shanghai, China). All aqueous solutions and buffers
were prepared with ultra-pure water from a Millipore
Rios™-16 water purifier (Millipore, Billerica, MA, United
States). Standard stock solutions were prepared
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by dissolving the reference standards (100 pg/mL
for emodin, aloe-emodin, chrysophanol, naringin,
naringenin, hesperidin, magnolol and honokiol; 20
ug/mL for rhein and rheochrysidin) and internal stand-
ard (40 pg/mL for ibuprofen) in methanol™. Stock
solutions were stored at -20 ‘C. Working standard
solutions were prepared freshly by diluting stock
solutions in sodium hydroxide solution (0.1 mol/L).
Internal standard working solution (200 ng/mL) was
prepared by diluting the stock solution in methanol-
water (1:1, v/v)™,

Induction of AP and dosing of DCQD

First part: Rats were randomly allocated into the
following four groups (n = 6 each): a sham-operated
group [NG(a)] and three model groups [4hG(a),
12hG(a) and 24hG(a)]. AP models were induced
by retrograde perfusion of 3% sodium taurocholate
(1 mL/kg.BW) into the biliopancreatic duct!" at a
rate of 6 mL/h with a micro-infusion pump after
anesthetization with 10% chloral hydrate (3 mL/
kg.BW) injected into the abdominal cavity. The NG(a)
group was established by the same procedure, but
with use of saline instead of sodium taurocholate. The
dosing time of DCQD for the NG(a) and model groups
were 4 h, 4 h, 12 h and 24 h after operation.

Second part: Forty-two rats were divided into a
sham-operated group [NG(b)], and 4h-, 12h- and
24h-dosing treatment groups [4hG(b), 12hG(b) and
24hG(b), respectively] with three corresponding
control groups [MG(b)s]. Only the three treatment
groups were administered the same dosage of DCQD
at 4 h, 12 h and 24 h, respectively, after AP induction.
The three corresponding control groups were given
saline instead of DCQD at the same time. Rats were
euthanized at 24 h after drug dosing.

Collection and measurement of samples

First part: Plasma samples (0.5 mL) were collected
from the tails at 10 min, 20 min, 40 min, 1 h, 2 h, 4
h, 8 h, 12 h and 24 h after a single dosing of DCQD.
Serum samples for amylase (AMS) and pancreatic
tissues for the tissue concentrations of the absorbed
components of DCQD were collected 24 h after
drug dosing. A total of 0.05 mL of internal standard
working solution and 0.1 mL of hydrochloric acid
buffer solution were added into 0.2 mL of the plasma
or tissue homogenate samples, followed by 3.0 mL of
ethyl acetate. Then, the mixtures were extracted by
vortex mixing for 7 min and centrifuged at 3000 rpm
for 7 min at a low temperature. After that, 2.4 mL
supernatants were evaporated at 45 ‘C, followed by
incubation with 0.1 mL of double-solvents (methanol-
water: 92:8, v/v). Thereafter, 20 uL of supernatant
was injected automatically into the HPLC-MS/MS
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system for analysis. The 10 major components of
DCQD (aloe-emodin, rhein, emodin, chrysophanol,
honokiol, rheochrysophanol, magnolol, hesperidin,
naringenin and naringin) were detected. The mean
contents of the components were detected three
times, as in our previous study™?. The detected DCQD
samples were stored in the Public Experiment Platform
at West China Hospital (Chengdu, China).

Second part: Serum for AMS and inflammatory
cytokines measurement and pancreatic tissues
for pathological scoring were collected 24 h after
drug dosing. Pancreatic samples were fixed in 10%
neutral formalin for paraffin sections and stained with
hematoxylin and eosin (HE). All the histopathology
specimens were scored in a blinded fashion by two
independent pathologists using a scoring system for
the extent and severity of tissue injury (0-4, edema,
neutrophil infiltration, necrosis and hemorrhage,
respectively), as previously described™'*. The IL-10
and IL-6 levels were detected by enzyme-linked
immunosorbent assay kits. The following formula was
used to calculate the value of AMS: AMS (U/dL) =
(blankOD - measurementOD)/blankOD x 0.4 x 0.5/10
x 30 min/7.5 min x 100/0.1 x 10

Statistical analysis

The pharmacokinetic parameters were processed
by pharmacokinetic statistical software DAS2.0.1
programmed by the Chinese Pharmacological Soci-
ety. The data were obtained by statistical mom-
ent calculation. The following pharmacokinetic
parameters were calculated: the maximum plasma
concentration (Cmax), the time to reach maximum
concentration (Tmax), the mean residence time (MRTo
-t), the elimination half-life (Tv2) and the area under
the plasma concentration-time curve from time 0
to the time of the last measurable concentration
(AUCo—t). The data were processed with statistical
software PEMS3.1. All values were expressed as the
mean = SD. A one-way repeated-measure ANOVA,
followed by multiple pairwise comparisons using
the Student-Newman-Keuls procedure, was used to
detect differences among the groups. P < 0.05 was
considered a statistically significant difference.

RESULTS

Ten major components of DCQD distributed in
pancreatic tissues

In this study, all 10 major components of DCQD
in pancreatic tissues could be detected by HPLC-
MS/MS. The concentrations of naringin, hesperidin,
naringenin, aloe-emodin and chrysophanol in pan-
creatic tissues were relatively high. Compared to
the NG(a) group, the concentrations of emodin,
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Table 1 Concentrations of the 10 components of DCQD distributed in pancreatic tissues

NG() 4hG(a) 12hG(a) 24hG(a)
Rhein 12.65+3.7 179.15 +77.6" 199.89 +34.8 50.08 +17.6°
Emodin 18.68 +8.7 1.33+0.8" 34.46 +10.3° 39.75+12.4
Naringin 415.30+17.8 19.47 +1.4° 3210+ 2.7 269.16 +12.9°
Honokiol 238+1.2 1.98 £0.1 19.79 +2.2° 426+1.0
Magnolol 1.34+09 0.97 £0.2 0.97£0.2 7.51+0.8°
Hesperidin 162.01 +34.3 34.94 +12.6" 24.31+£10.3 113.26 +13.8°
Naringenin 847.98 +76.9 858.58 +19.6 1077.06 + 26.8° 262.30 +100.6°
Aloe-emodin 439.05+179.8 89.53 +14.8" 502.74 £ 70.7° 501.45 +143.4
Chrysophanol 60.99 £16.4 516 +2.1° 197.29 £17.9° 113.43 +23.7°
Rheochrysidin 6.79+1.2 0.55 +£0.2° 17.92+1.9° 11.67 +0.9°

Rats were orally administered with DCQD (10 mL/kg.BW). Pancreatic tissues were collected 24 h after a single dosage of DCQD. The concentrations of
the 10 components of DCQD were determined by HPLC-MS/MS. The results are presented as the mean + SD of pg/mg (1 = 6). NG(a): the sham-operated
group with the dosing time at 4 h after operation. 4hG(a), 12hG(a) and 24hG(a): rats were dosed orally with DCQD at 4 h, 12 h and 24 h, respectively, after
AP induction. 4hG(a) vs NG(a): "P < 0.05, 12hG(a) vs 4hG(a): ‘P < 0.05, 24hG(a) vs 12hG(a): °P < 0.05. AP: Acute pancreatitis; DCQD: Da-Cheng-Qi decoction;

HPLC-MS/MS: High-performance liquid chromatography tandem mass spectroscopy.

naringin, hesperidin, aloe-emodin, chrysophanol and
rheochrysidin were lower in the 4hG(a) group (P <
0.05), while the rhein concentration was higher (P
< 0.05). The concentrations of emodin, naringin,
honokiol, naringenin, aloe-emodin, chrysophanol and
rheochrysidin in the 12hG(a) group were higher than
in the 4hG(a) group (P < 0.05). The concentrations
of rhein, naringenin, chrysophanol and rheochrysidin
in the 24hG(a) group were lower than in the 12hG(a)
group (P < 0.05), while the concentrations of naringin,
magnolol and hesperidin in the 24hG(a) group were
higher (P < 0.05) (Table 1).

Eight major components of DCQD detected in plasma
Only eight of the ten components were successfully
fitted to the concentration-time curves according to
the testing data (Figure 1). The Tmax values were all at
40 min (0.67 h) after a single dosage of DCQD in the
NG(a) group. The Tmax of six components (aloe-emodin,
rhein, emodin, chrysophanol, naringenin and naringin)
in the 4hG(a) group, all components in the 12hG(a)
group and that of five components (aloe-emodin,
rhein, rheochrysidin, magnolol and naringin) in the
24hG(a) were delayed (Figure 1).

In the NG(a) group, the Cmax values of the
components were as follows: aloe-emodin, 3218.33
ng/mL; rhein, 8638.42 ng/mL; emodin, 510.97 ng/mL;
naringin, 204.56 ng/mL; chrysophanol, 5419.89 ng/
mL; rheochrysidin, 146.75 ng/mL; naringenin, 419.94
ng/mL; and magnolol, 19.58 ng/mL. Compared to the
NG(a) group, the Cmax values of aloe-emodin, rhein,
emodin, chrysophanol and magnolol were reduced in
the 4hG(a) group (Figure 1). Compared to the 4hG(a)
or 12hG(a) groups, the Cmax values of aloe-emaodin,
rhein, emodin, naringenin and magnolol were higher in
the 24hG(a) group, and they were as follows: 5885.13
ng/mL, 8245.18 ng/mL, 88.65 ng/mL, 606.41 ng/mL
and 11.018 ng/mL, respectively. Among the three
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model groups, the Cmax values of chrysophanol and
naringin were highest in the 12hG(a) group, and for
rheochrysidin the Crnax was in the 4hG(a) group; the
concentrations were 4054.73 ng/mL, 519.53 ng/mL
and 557.06 ng/mL, respectively (Figure 1).

The pharmacokinetic parameters were analyzed
by statistical moment calculation, and those in model
groups were different from those in the NG(a) group
(Table 2). Compared to the NG(a) group, the AUCo—
t values of aloe-emodin, chrysophanol, emodin and
magnolol were smaller in the 4hG(a) group (P < 0.05),
while those of rheochrysidin, naringin and naringenin
were larger (P < 0.05). The AUCo—t of aloe-emodin
in the 24hG(a) group was larger than in the 4hG(a)
or 12hG(a) groups, and those of rhein, chrysophanol,
magnolol and naringin in the 12hG(a) group were
larger than in the 4hG(a) or 24hG(a) groups. The T2
values of rhein, emodin, aloe-emodin, rheochrysidin,
naringin and magnolol in the 24hG(a) group were
longer than in the 4hG(a) or 12hG(a) groups.

DCQD elevated the IL-10 levels and lowered the IL-6
levels in serum

In serum, the IL-10 and IL-6 levels in the three
corresponding control groups were all higher than
in the NG(b) group (IL-10: 152.8 + 18.58/77.46 +
7.42/99.72 £ 4.7 vs 48 £ 12, P < 0.05; IL-6: 147.91
+ 4.36/171.44 £ 13.43/98.48 £ 2.7 vs 68 + 20, P <
0.05). Compared to the corresponding control groups,
the IL-10 levels in the 12hG(b) and 24hG(b) groups
were increased (96.55 £ 7.84 vs 77.46 £ 7.42, 251.22
+ 16.15v599.72 £ 4.7, P < 0.05), and the IL-10 level
in the 24hG(b) group was higher than in the 4h(b)
and 12hG(b) groups (251.22 + 16.15 vs 154.41 +
12.09/96.55 £ 7.84, P < 0.05) (Figure 2A). The IL-6
levels displayed a decrease in the 4hG(b) and 12hG(b)
groups compared to their corresponding control groups
(89.99 + 4.61 vs 147.4.36, 90.82 £ 5.34 vs 171.44 £
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Figure 1 Concentration-time curves of the eight components of Da-Cheng-Qi decoction in plasma of the rats with acute pancreatitis. Rats (n = 6 per group)
were orally dosed with DCQD (10 mL/kg.BW). Plasma samples were collected from the tails at 10 min, 20 min, 40 min, 1 h, 2 h, 4 h, 8 h, 12 h and 24 h after a single
dosage of DCQD. Plasma concentrations of the components of DCQD were determined by HPLC-MS/MS. The results are presented as the mean + SD. NG(a):
the sham-operated group with the dosing time 4 h after operation; 4hG(a), 12hG(a) and 24hG(a): the dosing times were 4 h, 12 h and 24 h, respectively, after AP

induction. AP: Acute pancreatitis; DCQD: Da-Cheng-Qi decoction; HPLC-MS/MS: High-performance liquid chromatography tandem mass spectroscopy.

13.43, P < 0.05) (Figure 2B).

Pathological damages in the pancreatic tissues and
serum AMS levels

In the NG(b) group, the pancreatic tissues were
edematous with a few neutrophils but without obvious
hemorrhage and necrotic acinar tissues. In the
MG(b) groups, edema, hemorrhage and neutrophils
with some necrotic acinar tissues were obvious. In
the 12hG(b) group, the pathological damages were
improved, while those in the 4hG(b) or 24hG(b)
groups had no obvious improvement (Figure 3A).
Compared to the NG(b) group, the pathological scores
in the MG(b) groups were increased (1.79 + 0.3/2.2
+ 0.2/2.67 £ 0.67 vs 0.7 £ 0.26, P < 0.05). Those in
the 12hG(b) group were evidently reduced compared
to its control group (1.3 £ 0.4 vs 2.2 £ 0.2, P < 0.05)
or the 4hG(b) and 24hG(b) groups (1.3 £ 0.4 vs 2.63
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+ 0.4/2.5 £ 0.3, P < 0.05) (Figure 3B).

The AMS levels in the 4hG(a), 12hG(a) and
24hG(a) groups were all higher than in the NG(a)
group (724.17 £ 42.8/673.67 + 26.64/659.65 + 41.38
vs 273.67 £ 93.23, P < 0.05) (Figure 3C). Compared
to the NG(b) group, that in the MG(b) groups were
higher (718.65 £ 51.04/711.68 + 55.37/666.4 £ 73.4
vs 389 £ 98, P < 0.05). The AP model was successful.
That in the 12hG(b) group was reduced compared to
its control group (649 + 131.69 vs 711.68 + 55.37, P
< 0.05) (Figure 3D).

DISCUSSION

According to the present study, AP reduced the
concentrations of the major components of DCQD
to the target pancreas, and the oral administration
time also played an important role; their absorption
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Table 2 Pharmacokinetic parameters of the 8 detected components of Da-Cheng-Qi decoction in plasma

Parameter NG(a) 4hG(a) 12hG(a) 24hG(a)
Aloe-emodin
T1/2 (h) 75+34 48+19 73+27 75+43
AUCO—t (ng/mLeh) 16582.3 +523.7 15180.5 + 245.3° 23266.6 + 2848.4° 32517.8 +3109.6*
MRT0—t (h) 70+18 6516 7.7+09 62+13
Tmax (h) 1.22+1.38 1.45 £ 0.62 228 +1.44 0.67 +0.30%
Cmax (ug/mL) 4080.9 + 2491.6 2890.5 + 955.0 2948.2 +997.6 7706.6 + 2366.7°
Rhein
T1/2 (h) 47+15 63+18 62+12 16.6 +2.1%
AUCO—t (ng/mLeh) 27164.9 +1686.9 19164.9 +1680.3 60705.9 + 2870.4° 35470.0 +1910.1*
MRT0-t (h) 47+10 63+15 74+13 59+32
Tmax (h) 0.7+03 14+09° 13+0.7 13+04
Cmax (ug/mL) 11033.4 +3248.9 3037.9 +1040.5" 9439.4 + 3191.6" 9938.6 + 3349.6"
Chrysophanol
T1/2 (h) 5217 6.8+3.6 45+08 62+38
AUCO—t (ng/mLeh) 28925.5 + 7837.2 20214.5 + 1460.6 34977.3 +1927.7° 23102.4 +1614.8°
MRT0—t (h) 5708 72+£1.7° 73+1.0 62+12
Tmax (h) 1206 BB B2 1.7+05 1305
Cmax (ug/mL) 7708.1 £2234.3 2296.1 + 7643.8" 4521.8 +1127.1° 4772.6 +1078.4
Emodin
T1/2 (h) 82+6.6 14.7 £11.7 11.7£6.0 20.8£19.6
AUCO—t (ng/mLeh) 1891.5 £1692.8 395.3 £159.0° 3954 +£82.4 391.2+£135.8
MRT0—t (h) 52+19 84+17° 9408 8619
Tmax (h) 0.6+03 3.8+33° 32+26 0.7 0.7
Cmax (ug/mL) 546.2 +496.8 37.9+184° 341£9.6 91.8+37.4
Rheochrysidin
T1/2 (h) 6.4+09 46+19 5421 83+23%
AUCO—t (ng/mLeh) 740.2 +£623.3 3680.6 +1903.0" 3489.2 £ 1354.1 1301.8 + 420.9%
MRT0—t (h) 57+14 6409 6315 82+1.1%
Tmax (h) 0.9+0.6 2116 1.7+£1:3 15+0.6
Cmax (ug/mL) 184.7 £92.4 713.8 £201.6" 6423 +211.5 155.5 + 56.4“
Magnolol
T1/2 (h) 85+49 94+28 12.2+3.3 228 +7.6
AUCO—t (ng/mLeh) 1114 £37.2 444 +143° 83.9 £27.2° 81.5+25.0"
MRT0—t (h) 72+09 79+12 9411 89+12
Tmax (h) 0.7+03 1.3+0.5A 28+14 0.6 +0.3%
Cmax (ug/mL) 242+8.6 58 +23A 7.7+36 153 £13.1%
Naringin
T1/2 (h) 58+1.2 49+18 53+14 55+1.4
AUCO0—t (ng/mLeh) 918.1+106.8 4920.6 +310.7° 5054.4 + 435.1 2044.1 £ 26.9%
MRTO0—t (h) 59+11 6.6+0.8 7.9+0.6 69+1.0
Tmax (h) 0.7+£0.2 14+14 25+12 1.8+£13
Cmax (ug/mL) 229.3+195.6 724.4 +584.7 595.1 +338.9 322.9+148.4
Naringenin
T1/2 (h) 72+17 49+1.1a 93+3.6" 7.7 13
AUCO—t (ng/mLeh) 2705.2 +164.6 5795.1 +291.4° 3758.1 +250.1° 4099.2 + 148.8*
MRT0—t (h) 64+17 73+04 77+12 79+18
Tmax (h) 0.8+0.6 23+14 1.6+13 0.6+ 0.3
Cmax (ug/mL) 552.9 +226.7 720.4 +165.9 543.3 +110.4 6249 +143.7

Rats were orally dosed with DCQD (10 mL/kg.BW). Plasma samples were collected from the tails at 10 min, 20 min, 40 min, 1h,2h,4h,8h,12hand 24 h
after a single dosage of DCQD. The samples were assessed by HPLC-MS/MS. The pharmacokinetic parameters were processed by pharmacokinetic statistic
software DAS2.0.1 and the data were obtained by statistical moment calculation. The results are presented as the mean + SD. NG(a): the sham-operated
group with the dosing time at 4 h after operation. 4hG(a), 12hG(a) and 24hG(a): rats were dosed orally with DCQD at 4 h, 12 h and 24 h, respectively,
after AP induction. Compared with NG(a): °P < 0.05, 12hG(a) vs 4hG(a): *P < 0.05, 24hG(a) vs 12hG(a): ‘P < 0.05, 24hG(a) vs 4hG(a): P < 0.05. AP: Acute
pancreatitis; DCQD: Da-Cheng-Qi decoction; HPLC-MS/MS: High-performance liquid chromatography tandem mass spectroscopy.

may be better if the oral administration time of DCQD (Figure 1 and Table 2). The AUCo—t was larger when
is approximately 12 h after the onset of AP (Table that time was approximately 12 h after the onset of
1). AP delayed the Tmax and reduced the Cmax of the AP (Table 2). DCQD increased the IL-10 levels and
components of DCQD in the circulation of rats (Figure lowered the IL-6 levels (Figure 2A and B), and the
1). The components of DCQD displayed a higher Cmax later administration of the DCQD dose corresponded
and a longer Ti2 when the oral administration time of to higher IL-10 levels (Figure 2A). Therefore,
DCQD was approximately 24 h after the onset of AP administering the DCQD dose too early may not be
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Figure 2 Da-Cheng-Qi decoction elevated IL-10 levels and lowered IL-6 levels in serum of the rats with acute pancreatitis. Rats (n = 6 per group) in the three
treatment groups were orally dosed with DCQD (10 mL/kg.BW) 4 h, 12 h and 24 h after AP induction. Serum samples were collected at 24 h after a single dosage of
DCQD. The results are presented as the mean + SD. NG(b): the sham-operated group; MG(b): the model group or the control group; 4hG(b), 12hG(b) and 24hG(b):
rats were orally dosed with DCQD 4 h, 12 h and 24 h, respectively, after AP induction. AP: Acute pancreatitis; DCQD: Da-Cheng-Qi decoction.

appropriate for AP, and administration should at least
be 12 h after the onset of AP.

Pathological circumstances may affect the abs-
orption of the components of DCQD and affect
the pharmacokinetics in AP. Pancreatic ischemia,
reduced pancreatic blood flow and increased capillary
permeability are usually common in AP**. The sys-
temic hemodynamic disturbances lead to ischemia of
the intestine!*”!, In addition, one retrospective analysis
(197 patients) showed that 65% of patients with AP
had acute gastrointestinal mucosal lesions detected by
upper gastrointestinal endoscopy™®. As well, 59% of
patients with AP showed gut barrier dysfunction with
increased intestinal permeability in a meta-analysis
of 18 studies!”, Both propulsion and contractility
were reduced in necrotizing pancreatitis of rats!™®,
It was reported that permeability of the ileum was
significantly increased at 6 h, the blood endotoxin level
was elevated and bacterial translocation occurred 18
h after induction of SAP-induced by injection of 3%
sodium deoxycholate!*.,

As we know, oral medicines, including herbs, are
generally absorbed by the gastrointestinal mucosa. The
process of drug absorption into the blood circulation
from the plasma membrane barrier proceeds as
follows: drug molecule encounters the gastrointestinal
mucous layer, brush border, epithelial cell membrane,
intracellular fluid, basal lamina, lamina propria, externa
of vessels, cytoplasm of vessels, intima of vessels
and then the blood. Therefore, these aforementioned
factors may play an important role in the delay of
the Tmax of the components of DCQD in reaching the
circulation and establishing their concentrations in
pancreatic tissues.

Another factor may be the physicochemical pro-
perties of these components. Chrysophanol belongs
to the Class I poorly water soluble drugs in the
Biopharmaceutics Classification System (BCS), with
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low solubility but high permeability . Magnolol, a
small-molecule neolignan, has an extensive first-
pass metabolism and low absorption'®*!. Naringin
is moderately soluble in water, and it is broken into
its aglycon naringenin in the intestine by the gut
microflora and then absorbed from the gut®. These
different characteristics may influence the absorption of
these components. Furthermore, the pharmacokinetics
of phytochemicals have substantial variation®” and
circulating concentrations of phytochemicals, which
could vary widely among individuals, even in the
context of controlled feeding studies™. In brief, the
internal environments of rats and the characteristics
of the components of DCQD may be the major factors
affecting the absorption of these components.

It is well known that the avoidance of gastric
and intestinal secretion has been the cornerstone
of management of patients with AP for nearly a
century™, To espouse the “pancreatic rest” concept,
fasting and water deprivation have become the
fundamental treating rules. However, the benefits of
oral dosing with DCQD in the early stage of AP have
been demonstrated, especially in gastrointestinal
internal environments. This approach could improve
intestinal propulsive function, relieve abdominal
distension and abdominal pressure®®, and protect
the intestinal immune barrier, with amelioration of the
levels of high mobility group box-1 protein (HMGB1)
RNA and cyclooxygenase 2 (COX-2) RNA expression'®,
One meta-analysis showed that purgative therapy
could shorten the time of first defecation and the
hospitalization time™®. Thus, the advantages of
DCQD are obvious. Future studies should be done
to determine whether the oral dose of DCQD could
increase gastrointestinal and pancreatic secretion.

The finding of DCQD regulating the balance of pro-
inflammation and anti-inflammation was consistent
with our previous studies®. However, the current
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Figure 3 Pathological damages in the pancreatic tissues and changes in the serum amylase concentration. Rats (n = 6 per group) were orally administered
DCQD (10 mL/kg.BW) 4 h, 12 h and 24 h after AP induction. Pancreatic tissues were collected for staining with hematoxylin-eosin (A, x 200) 24 h after a single
dosage of DCQD; B: Pathological scores of the pancreatic tissues. Serum amylase was detected by enzyme-linked immunosorbent assay (C and D). The results are
presented as the mean + SD. °P < 0.05 vs NG(a). NG(a/b): the sham-operated group; MG(b): the model group or the control group; 4hG(a/b) 12hG(alb), and 24hG(alb):
rats were orally dosed with DCQD 4 h, 12 h and 24 h, respectively, after AP induction. AP: Acute pancreatitis; DCQD: Da-Cheng-Qi decoction.
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study showed that its oral dosing time might affect the
inflammatory cytokines and pharmacokinetics of the
effective components of DCQD targeting of pancreatic
tissues and plasma. The chronomedicine of TCM,
with thousands of years of history and in which the
midnight-noon ebb-flow theory is typical, is similar to
modern chronobiology. Theoretically, the function of
Chinese medicine will be most effective at driving out
pathogenic factors when the function of some meridian
is at its peak™Y. For example, erythrocyte C3b receptor
rosette and erythrocyte immune complex rosette can
reach peak value when the kidney meridian has its
most active function®®”,

Along with the improvement of modern technology,
the research on the relationship between the dosing
time of Chinese medicine and plasma concentration
or curative effect has been performed. Nishioka
et al®* demonstrated that the dosing time of Sho-
Saiko-To could affect the plasma concentrations of
the effective components (glycyrrhizin and baicalein).
Additionally, the pharmacokinetic processes of emodin
and aloe-emodin of DCQD presented a circadian
rhythm phenomenon®®*. According to our study,
the oral dosing time also affects the drug tissue con-
centrations. Therefore, the oral dosing time of DCQD
is closely related to its pharmacokinetics and pharma-
codynamics.

In this study, the pathological damages of pan-
creatic tissues had been improved only in the 12hG(b)
group, and was not improved in the 4hG(b) or 24hG(b)
groups. However, this finding was not consistent with
those of a previous study showing that a similar dose
of DCQD 2 h after AP induction confers some protection
against pancreatic tissue damage. Although the weight
of rats showed no difference, this finding may be
related to the different experimenters, which may have
resulted in large differences among the various groups.
We should ensure the consistency of experimenters.
In clinical practice, orally dosing or coloclysis of DCQD
are performed immediately when patients with AP
are admitted to hospital. Whether these approaches
could increase secretion of the gastrointestinal tract
remains unclear. Recently, little research on the
optimal administration time of Chinese herbs has been
reported, and there are no definite opinions on this
topic in the Chinese guidelines, although the guidelines
are generally used in clinical practice in China.
Therefore, our conjecture needs further clinical studies
to be confirmed.

In conclusion, AP and the oral administration
time of DCQD could affect the pharmacokinetics of
the absorbed components of DCQD in the pancreatic
tissues and plasma of rats. Late-time dosing may
result in higher concentrations of the major com-
ponents of DCQD with better pharmacokinetics and
pharmacodynamics of anti-inflammation than seen
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with early-time dosing, thereby showing the late time
to be the optimal dosing time of DCQD for AP.

ARTICLE HIGHLIGHTS

Research background

Oral administration with Da-Cheng-Qi decoction (DCQD) is the conventional
therapy at the early phase of acute pancreatitis (AP) patients in China. But oral
dosing with DCQD is contrary to the idea of pancreatic rest at the early stage of
AP, which may inhibit the absorption of the components of DCQD, influence its
pharmacokinetics or pharmacodynamics and even worsen the disease severity.

Research motivation

The necrosis of pancreatic acinar cells would worsen the disease and the
induction of apoptosis would relieve the disease severity. In clinical practice,
oral dosing or coloclysis of DCQD are performed immediately when patients
with AP are admitted to hospital. Whether these approaches could increase
secretion of gastrointestinal tract remain unclear. What's more, little research
on the optimal administration time of Chinese herbs has been reported, and
there are no definite opinions on this topic in the Chinese guidelines. Thus,
based on effect of DCQD regulating the apoptosis/necrosis switch of pancreatic
acinar cells to ameliorate the pancreatic inflammation and pathological damage,
the study aimed to screen the optional oral dosing time of DCQD in rats with
AP according to the pharmacokinetics of the absorbed components and the
pharmacodynamics of DCQD targeting of pancreas.

Research objectives

This objective was to screen the optional oral dosing time of DCQD in rats with
AP based on the pharmacokinetic and pharmacodynamic parameters. We
hoped to find an optimal dosing time of DCQD without increasing the severity of
AP.

Research methods

This animal experiment was divided into pharmacokinetic and pharma-
codynamic parts. AP models were induced by 3% sodium taurocholate. Rats
were dosed at three different times. Plasma samples were collected from the tails
at nine different times. The main components’ concentrations of plasma and
pancreatic tissues were detected by high-performance liquid chromatography
tandem mass spectroscopy, confirmed as a specific, sensitive, accurate and
reproducible method. The pharmacokinetic parameters [the maximum plasma
concentration (Cmax), the time to reach maximum concentration (Tmax), the mean
residence time (MRTo—+), the elimination half-life (T+2) and the area under the
plasma concentration-time curve from time 0 to the time of the last measurable
concentration (AUCo—1)] were processed by pharmacokinetic statistical
software DAS2.0.1 programmed by the Chinese Pharmacological Society. The
IL-10, IL-6 and amylase concentrations in serum and pathological scores of
pancreatic tissues were calculated.

Research results

According to the present study, AP reduced the concentrations of the major
components of DCQD to the target pancreas, and the oral administration time
also played an important role. AP delayed the Tmax and reduced the Cmax of the
components of DCQD in the circulation of rats. The AUCo—t was larger when
that time was approximately 12 h after the onset of AP. DCQD increased the
IL-10 levels and lowered the IL-6 levels, and the later administration of the
DCQD dose corresponded to higher IL-10 levels. Therefore, administering the
DCQD dose too early may not be appropriate for AP. However, our results need
further clinical studies to be confirmed.

Research conclusions

Late-time dosing may result in higher concentrations of the major components
of DCQD with better pharmacokinetics and pharmacodynamics of anti-
inflammation than seen with early-time dosing, thereby showing the late time to

October 21,2017 | Volume 23 | Issue 39 |



Zhang YM et a/. Optimal timing for Da-Cheng-Qi decoction

be the optimal dosing time of DCQD for AP.
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AIM

To evaluate the short- and long-term results of
endoscopic ultrasound-guided transmural drainage
(EUS-GTD) for pancreatic fluid collection (PFC) and
identify the predictive factors of treatment outcome
for walled-off necrosis (WON) managed by EUS-GTD
alone.

METHODS
We investigated 103 consecutive patients with PFC who
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underwent EUS-GTD between September 1999 and
August 2015. Patients were divided into four groups as
follows: WON (n = 40), pancreatic pseudocyst (PPC; n
= 11), chronic pseudocyst (7 = 33), and others (n =
19). We evaluated the short- and long-term outcomes
of the treatment. In cases of WON, multiple logistic
regression analyses were performed to identify the
predictor variables associated with the treatment
success. In addition, PFC recurrence was examined in
patients followed up for more than 6 mo and internal
stent removal after successful EUS-GTD was confirmed.

RESULTS

In this study, the total technical success rate was
96.1%. The treatment success rate of WON, PPC,
chronic pseudocyst, and others was 57.5%, 90.9%,
91.0%, and 89.5%, respectively. Contrast-enhanced
computed tomography using the multivariate logistic
regression analysis revealed that the treatment success
rate of WON was significantly lower in patients with
more than 50% pancreatic parenchymal necrosis
(OR = 17.0; 95%CI: 1.9-150.7; P = 0.011) and in
patients with more than 150 mm of PFC (OR = 27.9;
95%CI: 3.4-227.7; P = 0.002).The recurrence of PFC
in the long term was 13.3% (median observation
time, 38.8 mo). Mean amylase level in the cavity was
significantly higher in the recurrence group than in the
no recurrence group (P = 0.02).

CONCLUSION

The reduction of WON by EUS-GTD alone was
associated with the proportion of necrotic tissue and
extent of the cavity. The amylase level in the cavity
may be a predictive factor for recurrence of PFC.

Key words: Endoscopic ultrasound-guided transmural
drainage; Pancreatic fluid collection; Revised Atlanta
Classification; Walled-off necrosis

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: It remains unclear that which patients
with walled-off necrosis (WON) can be resolved by
endoscopic ultrasound-guided transmural drainage
(EUS-GTD) alone and which ones should be treated
by endoscopic necrosectomy or other additional
treatment. In addition, some pancreatic fluid collections
(PFCs) develop recurrent fluid collection, and it is also
unclear which types of PFCs show recurrence. In this
study, we demonstrated that PFC size and proportion
of pancreatic parenchymal necrosis were related to
the resolution of WON treated by EUS-GTD alone.
Regarding long-term follow-up patients, mean amylase
level in the cavity was associated with PFC recurrence,
suggesting a prolonged stent placement in patients
with predicted recurrence.

Watanabe Y, Mikata R, Yasui S, Ohyama H, Sugiyama H,
Sakai Y, Tsuyuguchi T, Kato N. Short- and long-term results of
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endoscopic ultrasound-guided transmural drainage for pancreatic
pseudocysts and walled-off necrosis. World J Gastroenterol
2017; 23(39): 7110-7118 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i39/7110.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i39.7110

INTRODUCTION

Pancreatic fluid collection (PFC) is a local complication
after pancreatitis. Although most PFCs spontaneously
improve, some PFCs remain and become infectious,
thereby needing therapeutic intervention. In 2012,
the revision of the Atlanta classification categorized
PFC into the following four types: acute peripancreatic
fluid collection, acute necrotic collection, pancreatic
pseudocyst (PPC), and walled-off necrosis (WON).
According to this revised classification, the development
of PPC is considered to be extremely rare in acute
pancreatitis, and most PFCs over 4 wk are classified
as WON™, This suggests that many PFCs after acute
pancreatitis that were treated as PPC because of slight
debris in the cavity should be addressed as WON,
according to the revised classification.

Endoscopic ultrasound-guided transmural drainage
(EUS-GTD) is now widely accepted as a minimally
invasive method for managing PFC with minimal
complications'. According to previous reports, most
patients with PPC achieved treatment success by EUS-
GTD alone®®l. Conversely, the treatment success
rate of WON by EUS-GTD alone was relatively lower
than that of PPC*”). Endoscopic necrosectomy (EN)
was performed in patients with no clinical impro-
vement by EUS-GTD. In a recent review of 10 series
of EN, the overall treatment success rate was 76%,
with 5% procedure-related mortality and 27%
morbidity™. Although EN is less invasive than surgical
necrosectomy, serious complications associated with
EN have been reported lately. More recently, novel, fully
covered biflanged metal stents have been reported to
be effective and feasible for the treatment of WON®",
However, the criteria for WON that should be treated
by EN or/and with these metal stents remain unclear.
Therefore, it is essential to clarify the cases that can
be resolved by EUS-GTD alone and those that should
be treated with EN and/or metallic stents in addition
to EUS-GTD. To the best of our knowledge, to date,
no report has investigated the predictive factors of
treatment outcome managed by EUS-GTD alone using
the definition of WON in the 2012 Atlanta classification.

Despite initial treatment success, some PFCs
develop recurrent fluid collection owing to disconnected
pancreatic duct syndrome (DPDS)!™**, Although long-
term PFC recurrence is unknown, recommendations
for permanent stent placement have been reported;
however, stent migration or obstruction should be
considered™,
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In this study, we classified PFC into the following
four groups according to the 2012 Atlanta classification:
WON; PPC; chronic pseudocyst; and others, including
trauma, pancreatic cancer, and pancreatic fistula
(after pancreatic surgery). We evaluated patients
characteristics, technical success, treatment success,
and complications in these four groups. In particular, we
compared the clinical features between the treatment
success and failure to identify the factors that affect
the treatment outcome in patients with WON managed
by EUS-GTD alone. The long-term follow-up results of
patients who underwent EUS-GTD were assessed and
predictive factors for recurrence of PFC were identified.

MATERIALS AND METHODS

Patients

We retrospectively investigated 103 consecutive
patients with PFC who underwent EUS-GTD between
September 1999 and August 2015 at Chiba University
Hospital (Chiba, Japan). Mean age of patients was
54.7 years, and a majority of patients were males. PFC
caused by acute pancreatitis was classified according
to the 2012 Atlanta classification and definition. We
distinguished between WON and PPC by contrast-
enhanced computed tomography (CT) 1-4 wk after
the onset of pancreatitis and evaluated the existence
and extent of pancreatic parenchymal necrosis in all
patients with PFC. A chronic pseudocyst is defined as
a well-demarcated fluid collection without solid debris
occurring in the setting of known chronic pancreatitis
and the absence of recent severe acute pancreatitis'®.
Indications for EUS-GTD were as follows: (1) infected
cases (fever and leukocytosis) despite the administration
of intravenous antibiotics; and (2) symptomatic cases,
such as abdominal pain or obstruction of the gastric
outlet, intestinal system, or biliary system. Informed
procedural consents were obtained from all patients.

Procedures

Before EUS-GTD, a CT scan was obtained from all
patients. The standard technique for EUS-GTD involved
the following steps. A curved linear array EUS was
used to visualize the extent of PFC and to determine
the puncture site. Before puncturing, color Doppler was
used to identify the regional vessels that needed to
be avoided. The cavity was punctured with a 19-gage
needle, and then PFC was performed for conducting
blood biochemical tests and cultures. A guidewire was
inserted through the puncture needle and coiled in PFC
under fluoroscopic guidance. The punctured site was
dilated by a dilator and a balloon dilator (sometimes
an electric dilator was also used). Finally, a 7Fr double
pigtail stent and a 7Fr nasocystic drainage catheter
were emplaced. The nasocystic drainage catheter was
removed after reduction of PFC, and the internal stent
was removed within 6 mo after the treatment success.
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We assessed the efficacy of EUS-GTD using CT. If
the size of the cavity was not reduced after 1-2 wk, we
performed additional procedures, such as the multiple
transmural gateway technique, percutaneous drainage,
or EN.

Outcomes

In this study, we defined technical success as achieving
stent and/or nasocystic drainage catheter placement.
We defined the treatment success as any reduction
in the cavity size to less than 20 mm within 8 wk, as
determined by a follow-up CT using EUS-GTD alone,
without an additional treatment such as multiple
transmural gateway technique, percutaneous drainage,
or EN. The treatment success also included the
improvement of symptoms. Recurrence was considered
to have occurred if the size of the cavity increased to
more than 20 mm, regardless of symptoms over 6 mo
after EUS-GTD.

Statistical analysis

The factors associated with the clinical success
and recurrence were determined using statistical
comparisons. Continuous variables were presented as
means (with standard deviations) and medians (with
range) and compared using Mann-Whitney U test.
Categorical variables were expressed as frequencies
and proportions and compared using y° tests with
Yates’ correction or Fisher’s exact test. In patients
with WON, multiple logistic regression analyses were
performed to identify the predictor variables associated
with the treatment success. The optimal cut-off
value of the variables that differentiated between
recurrence and no recurrence was determined by
the receiver-operating characteristic analysis. In addi-
tion, the area under the curve was calculated. The
statistical significance was determined as P < 0.05,
and datasets were compiled using Microsoft Excel
(Microsoft Corporation, Redmond, WA, United States).
In addition, the IBM SPSS Statistics software version
20.0 (IBM Corporation, Chicago, IL, United States)
was used to perform all the statistical analyses. The
statistical methods of this study were reviewed by
Kengo Nagashima, PhD from Department of Global
Clinical Research, Graduate School of Medicine, Chiba
University.

RESULTS

Patients

According to the 2012 Atlanta classification and
definition for acute pancreatitis, each PFC was classified
as WON (n = 40), PPC (n = 11), chronic pseudocyst
(n = 33), and others (n = 19) for 103 patients who
underwent EUS-GTD. More than 50% of PFCs were
located mainly in the pancreatic body or tail. Mean
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Table 1 Demographic and clinical characteristics of patients

who underwent endoscopic ultrasound-guided transmural
drainage n (%)

characteristics Value
Age, yr
mean (SD) 54.7 (15.5)
Range 15-89
Median 56
Gender
Male 73 (70.9)
Female 30 (29.1)

Type of pancreatitis

Acute pancreatitis 46(44.6)
Chronic pancreatitis 38 (36.9)
Other 19 (18.4)
Etiology of PFC
Alcohol 51 (49.5)
Idiopathic 17 (16.5)
Gallstones 15 (14.5)
Trauma 6 (5.9)
Post-surgery (pancreatic fistula) 7 (6.8)
Post-ERCP 3(2.9)
Pancreatic cancer 4(3.9)
Category of PFC
WON 40 (38.8)
Pancreatic pseudocyst 11 (10.7)
Chronic pseudocyst 33 (32.0)
Others (cancer/trauma/ fistula) 19 (18.5)
Main location of cavity
Head 19 (18.4)
Body or tail 84 (81.6)
Size of cavity, mm (long axis)
mean (SD) 104.4 (49.0)
Range 30-246
Median 100

EUS-GTD: Endoscopic ultrasound-guided transmural drainage; PFC:
Pancreatic fluid collection; SD: Standard deviation; ERCP: Endoscopic
retrograde cholangio-pancreatogram; WON: Walled-off pancreatic
necrosis.

cavity size was 104.9 mm (Table 1).

Technical success

Of 103 patients, 4 technically failed, resulting in
the technical success rate of 96.1% (95%CI:
90.3%-98.9%). In the technically failed cases, each
patient required one of the following additional treat-
ments: surgery, transpapillary drainage, percutan-
eous drainage, extracorporeal shock wave lithotripsy
(ESWL), and observation.

Treatment success

In the WON group (n = 40), a technical failure was
reported in 1 patient and treatment success in 23
patients (57.5%; 95%CI: 40.9%-73.0%). The
treatment success group comprised 2 patients who
underwent percutaneous drainage for PFC distant
from the main lesion treated by EUS-GTD. We could
not achieve the treatment success by EUS-GTD alone
in 16 patients, of whom 2 needed surgical treatment,
11 needed no surgical treatment, and 1 died. In the
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group treated without surgery, we performed EN in
5 patients, multiple transluminal gateway technique
in 2 patients, percutaneous drainage in 5 patients,
and continuing conservative treatment until reduction
over 8 wk in 3 patients. After additional treatment, 2
patients died. All 3 patients who died after EUS-GTD or
EN had a respiratory or renal failure.

In the PPC group (n = 11), there were no technical
failures, and we achieved the treatment success in
10 patients (90.9%; 95%CI: 58.4%-99.8%). In the
chronic pseudocyst group (n = 33), there were two
technical failures, and of 31 patients, we achieved the
treatment success in 30 patients (96.8%; 95%CI:
83.8%-99.9%). In the treatment success group of
chronic pancreatitis, 3 patients underwent EUS-GTD for
PFC distant from the main lesion treated by EUS-GTD.
In the others group (n = 19), there was one technical
failure, and we achieved the treatment success in 17
patients (94.4%; 95%CI: 73.2%-99.9%).

Complications

The procedural complications were encountered in
15 of 103 patients (14.6%), with cases of bleeding
(n = 2), stent migration (n = 3), infection (n = 3),
pneumoperitoneum (n = 2), localized peritonitis
(n = 3), puncture into another organ (n = 1), and
mediastinal emphysema (n = 1). All patients were
managed conservatively without surgery.

Predictors of treatment success for WON

We compared the treatment success group with the
treatment failure group. Patients with more than 50%
pancreatic parenchymal necrosis (P = 0.004) and a
PFC of more than 150 mm (P < 0.001) on CT were
significantly associated with treatment failure based
on the univariate analysis. However, PFC with infection
was not significant (Table 2). Patients with more than
50% pancreatic parenchymal necrosis (OR = 17.0;
95%CI: 1.9-150.7; P = 0.011) and with a PFC of
more than 150 mm (OR = 27.9; 95%CI: 3.4-227.7;
P = 0.002) on CT were also significantly associated
with treatment failure based on the multiple logistic
regression analysis (Table 3).

The treatment success by EUS-GTD alone was not
achieved in any patient with WON with more than 50%
parenchymal necrosis and a with PFC of more than
150 mm diameter on CT but was achieved in 90%
of patients with under 50% pancreatic parenchymal
necrosis and with a PFC of less than 150 mm (Table
4). There were two cases of failure with fewer than
50% necrosis and with a PFC of less than 150 mm.
In one case with a multilocular type of WON, the
necrotic collection remained in the posterior pararenal
extraperitoneal space, and we performed percutaneous
drainage. In another case, extrapancreatic necrosis
without pancreatic parenchymal necrosis extended
widely, and EN was conducted.
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Table 2 Comparison of patient demographics and clinical characteristics in patients underwent endoscopic ultrasound-guided

transmural drainage of walled-off necrosis 7 (%)

Treatment success P value
Yes (n = 23) No (7 = 16)

Age, yr Mean (SD) 57.8 (18.1) 55.8 (13.1)

Range 15-85 30-83 0.484
Gender Male 16 (69.6) 14 (87.5) 0.359
Etiology of pancreatitis Alcohol 8 (34.8) 6 (37.5) 0.862
Body mass index Mean (SD) 23.3 (5.5) 24.2 (3.6) 0.203
ASA classification = 3 Yes 12 (52.2) 13 (81.2) 0.09
Pancreatic parenchymal necrosis = 50% Yes 2(8.7) 9 (56.3) 0.004
Duration from onset of pancreatitis to drainage, wk Mean (SD) 11.1 (7.8) 9.4 (10.9)

Range 3.1-25.3 2.0-47.7 0.219
Size of cavity, mm (long axis) Mean (SD) 109.9 (35.7) 156.9 (35.7)

Range 70-246 66-207 < 0.001
Size of cavity = 150 mm Yes 2(8.7) 11 (68.8) <0.001
PFC with infection Yes 13 (56.5) 13 (81.3) 0.203
Follow-up durations, mo Mean (SD) 26.9 (30.8) 28.1 (33.9) 0.808

Range 0.7-133.5 1.3-128.3

EUS-GTD: Endoscopic ultrasound-guided transmural drainage; WON: Walled-off pancreatic necrosis; PFC: Pancreatic fluid collection; SD: Standard

deviation.

Table 3 Multiple logistic regression analysis examining factors

associated with treatment success for walled-off necrosis

95%Cl
1.9-150.7  0.011

Multiple logistic regression OR P value

Pancreatic parenchymal necrosis (< 17.0
50% vs = 50%)

Size of cavity (<150 mm vs = 150 mm)  27.9 3.4-227.7  0.002

Table 4 Treatment success rate of walled-off necrosis

according to two parameters; pancreatic parenchymal necrosis
and size of cavity

Size of cavity Size of cavity

<150 mm = 150 mm
Pancreatic parenchymal necrosis <50% 90.5% (19/21)  28.6% (2/7)
Pancreatic parenchymal necrosis = 50% 40.0% (2/5) 0% (0/6)

Recurrence at long-term follow-up

Overall, 75 patients were followed up for more than 6
mo, and the internal stent removal was confirmed. The
median observation time was 38.8 mo. Of 75 patients,
10 patients suffered a recurrence, and the overall
recurrence rate was 13.3%. The additional treatment
for recurrence cases was additional EUS-GTD for
5 patients, transpapillary drainage for one patient,
ESWL for one patient, surgery for 2 patients, and
observation for one patient. In the recurrence group,
the amylase level in the cavity was significantly higher
than that in the no recurrence group (P = 0.01; Table
5) based on the univariate analysis. The amylase level
at 63,100 in the cavity represented the most sensitive
(83.3%) and specific (78.2%) point on the receiver-
operating characteristic curve and corresponded to the
largest area under the curve (0.820). No recurrence
rate of the amylase level in the cavity = 63100 was
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significantly lower than that of the amylase level in the
cavity < 63100 (P = 0.02; Figure 1).

DISCUSSION

In this study, we revealed the usefulness and fea-
sibility of EUS-GTD for PFC; however, it was less
effective in achieving the treatment success for WON
as compared with other etiologies of PFC. The PFC
size and the proportion of pancreatic parenchymal
necrosis were related to the short-term outcomes of
WON. In addition, mean amylase level in the cavity
was associated with PFC recurrence, suggesting a
prolonged stent placement for patients with predicted
recurrence.

The treatment success rate of WON by EUS-GTD
alone was 61.1%. Some retrospective studies have
demonstrated a 45%-63% treatment success rate of
EUS-GTD for WON™", A comparison of these results
with our study is difficult because the definition of
treatment success was different in each study, which
in turn differed from our study, which was based
on the 2012 Atlanta classification. A recent report,
based on the 2012 Atlanta classification, revealed that
the standard EUS-GTD using plastic stents or self-
expandable metal stents resolved 70% of sterile WON
and 40% of infected WON; however, the rest of WON
required EN"™',

After treatment failure by EUS-GTD for WON, EN
or other intervention, including surgical treatment,
should be considered. A recent randomized controlled
trial suggested that the IL-6 level following EN
was significantly lower than that following surgical
necrosectomy and that major complications or death
occurred less frequently after EN compared to those
after surgical necrosectomy!*®, Although EN should be
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Table 5 Pancreatic fluid collection recurrence in patients followed-up over 6 mo and confirmed internal stent removal after

successful endoscopic ultrasound-guided transmural drainage (7 = 75) n (%)

Recurrence P value
Yes (n = 10) No (7 = 65)

Age, yr Mean (SD) 54.4 (12.6) 55.1 (15.9)

Range 37-79 15-89 0.719
Gender Male 9 (90) 45 (69.2) 0.266
Type of pancreatitis Chronic 6 (60) 22 (33.8) 0.162
Main location of cavity Head 1(10) 16 (24.6) 0.677
External drainage only Yes 2 (20) 9 (13.8) 0.634
Duration of internal stent, days (1 = 64) Mean (SD) 194.9 (106.1) 243.2 (217.3)

Range 86-399 21-1387 0.659
Spontaneous dislodgement of stent (1 = 64) Yes 4 (50) 17 (30.4) 0.421
Size of cavity, mm (long axis) Mean (SD) 91.6 (38.0) 102.6 (49.3)

Range 44-167 30-230 0.612
Amylase in cavity, IU/L (n = 57) Mean (SD) 96930 (55599) 44719 (53790)

Range 31380-188000 30-273700 0.011

Median 83075 31200
PFC with infection Yes 2 (20) 28 (43.1) 0.298

PFC: Pancreatic fluid collection; SD: Standard deviation; EUS-GTD: Endoscopic ultrasound-guided transmural drainage.
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Figure 1 Kaplan-Meier curve comparing no recurrence rate of amylase in
cavity = 63100 with that of amylase in cavity < 63100.

considered for WON that cannot be resolved by EUS-
GTD, serious complications of EN have been reported.
Recently, while three multiple-center trials revealed
75%-91% success rate of EN, the associated mortality
and morbidity rated were 5.8%-11% and 26%-33%,
respectively™ ™., In our study, we performed EN on 4
patients, and one patient died due to multiple organ
failure. Therefore, if possible, it is better to accomplish
the resolution of WON by EUS-GTD alone.

Some factors associated with the failed resolution
of WON by EN or standard drainage and EN have
been reported, including body mass index > 328,
American Society of Anesthesiologists physical status
classification = 3™, and multilocular morphology™'.
In this study, we elucidated that the treatment success
rate of EUS-GTD alone for WON was significantly
lower in patients with more than 50% pancreatic
parenchymal necrosis or with a PFC of more than 150
mm on CT. All patients with WON with more than 50%
parenchymal necrosis and with a PFC of more than
150 mm needed an additional treatment such as EN,
whereas the treatment success was achieved in 90%
patients with under 50% pancreatic parenchymal
necrosis and within a PFC of 150 mm by EUS-GTD
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alone (Figure 2). If we can predict the treatment
outcome by EUS-GTD with these parameters, we may
be able to avoid unnecessary invasive therapy or make
an earlier decision to perform additional treatment in a
few days.

Instead of EUS-GTD, multiple transmural gateway
technique for WON has been reported, and the
treatment success rate of multiple transmural gateway
technique was significantly better than that of EUS-
GTD (94.4% vs 62.1%)"**"), More recently, novel, fully
covered biflanged metal stents have been reported to
be effective for the treatment of WONP %, Regarding
the use of these stents, high cost, stent migration,
and other potential adverse events have been con-
cerning™; therefore, optimal selection for using these
stents is needed. According to our study, patients
with PFC more than 50% pancreatic parenchymal
necrosis or patients with more than 150 mm may be
appropriate candidates for these treatments.

The proportion of pancreatic parenchymal necrosis
could be associated with the amount of solid debris
in the cavity of WON. Reportedly, the morphological
findings of WON on EUS have therapeutic implications
owing to the large size and more solid debris needing a
more aggressive therapeutic method!. However, it is
often challenging to estimate the necrotic component
with the whole observation of PFC on EUS. In addition,
even if rich debris seemed to exist in the cavity by
EUS, some cases of WON could be resolved by EUS-
GTD alone, as shown in Figure 2.

In this study, PPC was relatively rare (10.7%) based
on the values in the 2012 Atlanta classification. Notably,
8 of 11 patients categorized as PPC were caused by
acute pancreatitis occurring in the setting of known
chronic pancreatitis and 3 were atypical etiology of
pancreatitis (drug-induced in 2 patients and idiopathic
in 1 patient). The treatment success rate of 90.9%
for PPC in this study was higher than that of WON.
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Figure 2 Representative case of walled-off necrosis resolved by endoscopic ultrasound-guided transmural drainage alone. A: Computed tomography of the
abdomen (axial image) showing less than 50% pancreatic parenchymal necrosis; B: Pancreatic fluid collection was 135 mm in diameter; C: Rich debris seemed to
exist in the cavity as shown by endoscopic ultrasound; D: Endoscopic ultrasound guided transmural drainage was performed and pancreatic fluid collection culture

was positive; E: Cavity was reduced at 6 wk after intervention.

EUS-GTD for chronic pseudocysts was successful. In
chronic pancreatitis, PFC often communicates with the
main pancreatic duct and stricture of this duct exists.
To manage chronic pseudocysts, a combination of
EUS-GTD with transpapillary drainage or ESWL for
pancreatic stones might be effective.

After successful initial treatment following EUS-
GTD for PFC, recurrence of PFC in the long term
was higher in patients with higher amylase level in
the cavity, indicating the communication of PFC with
the pancreatic duct such as chronic pseudocysts or
DPDS. DPDS is characterized by the main pancreatic
duct cut-off, with an inability to access the upstream
pancreatic duct during an ERCP, and CT evidence of
viable pancreatic tissue upstream (toward the spleen),
in association with a persistent non-healing pancreatic
fistula or PFC***!, We routinely removed internal
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stents following the resolution of PFC almost 6 mo
after EUS-GTD. Although a permanent stent placement
significantly reduced PFC recurrence in comparison
with scheduled stent removal, migrated stents caused
bowel obstruction that required surgery™. In cases
with higher amylase levels in the cavity, transpapillary
treatment or prolonged stent placement for more than
6 mo should be considered. However, the timing of
stent removal and permanent stent placement remains
controversial, and further study is required.

There were some limitations in this study. First,
this was a retrospective study conducted at a single
tertiary center and the number of patients with WON
was relatively less. Second, the study period was long
(16 years) and a learning curve might have influenced
the results, although the standard technique for
EUS-GTD has not changed. Third, there may have
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been a selection bias because we could not examine
all patients with the amylase level in the cavity
consecutively.

In conclusion, EUS-GTD is a successful and safe
therapeutic technique in a majority of patients with
PFC. The cavity size and proportion of pancreatic
parenchymal necrosis are predictors for a successful
treatment of WON. Higher amylase levels in the cavity
might lead to PFC recurrence after stent removal. A
prolonged stent placement should be considered in
such cases.

ARTICLE HIGHLIGHTS

Research background

The 2012 Atlanta classification categorized PFC into four types. The revised
classification suggests that many PFCs after acute pancreatitis that were
treated as pancreatic pseudocyst (PPC) because of slight debris in the
cavity should be addressed as walled-off necrosis (WON). Most patients with
PPC achieved treatment success by EUS-GTD alone. Although endoscopic
necrosectomy (EN) was performed in patients with no clinical improvement
by EUS-GTD, serious complications of EN have been reported. However, the
criteria for WON that should be treated by EN or other additional treatment
remained unclear. Therefore, it is crucial to clarify the cases that can be
resolved by EUS-GTD alone and those that should be treated with EN or other
treatment in addition to EUS-GTD. Some PFCs develop the recurrent fluid
collection in long term. Recommendations of permanent stent placement have
been reported to reduce recurrence; however, stent migration or obstruction is
concerned. A predictive factor of PFC recurrence should also be clarified.

Research motivation

The treatment success rate of WON by EUS-GTD alone was relatively lower
than that of PPC. It is unclear that which patients with WON can be treated by
EUS-GTD alone and which ones by EN or other additional treatment including
metallic stents. Despite initial treatment success, some PFCs develop the
recurrent fluid collection in the long term. It is also unclear which types of PFCs
show recurrence.

Research objectives

We aimed to evaluate the short- and long-term results of EUS-GTD for PFC
following a revision of the PFC framework by the 2012 Atlanta classification and
identify the predictive factors of treatment outcome for WON managed by EUS-
GTD alone and predictive factors for recurrence of PFC.

Research methods

The authors retrospectively investigated 103 consecutive patients with PFC
who underwent EUS-GTD between September 1999 and August 2015 at Chiba
University Hospital. The factors associated with clinical success and recurrence
were determined using statistical comparisons. In patients with WON, multiple
logistic regression analyses were performed to identify the predictor variables
associated with the treatment success. In addition, PFC recurrence was
examined in patients followed up over 6 mo and confirmed internal stent
removal after successful EUS-GTD. The optimal cut-off value of the variables
that differentiated between recurrence and no recurrence was determined by
the receiver-operating characteristic analysis. In addition, area under the curve
was calculated. The statistical significance was determined as P < 0.05.

Research results

The treatment success rate of WON, PPC, chronic pseudocyst, and others
was 57.5%, 90.9%, 91.0%, and 89.5%, respectively. The treatment success
rate of WON was significantly lower in patients with more than 50% pancreatic
parenchymal necrosis (OR = 17.0: 95%Cl: 1.9-150.7; P = 0.011) and in patients
with more than 150 mm of PFC (OR = 27.9; 95%Cl: 3.4-227.7; P = 0.002)
on contrast-enhanced computed tomography using the multivariate logistic
regression analysis. The recurrence of PFC in the long term was 13.3% (median
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observation time, 38.8 mo). Mean amylase level in the cavity was significantly
higher in the recurrence group than in the no recurrence group (P = 0.02).
In cases with higher amylase levels in the cavity, transpapillary treatment
or prolonged stent placement for more than 6 mo should be considered.
However, the timing of stent removal and permanent stent placement remains
controversial, and further study is required.

Research conclusions

Reduction of WON by EUS-GTD alone was associated with the proportion of
necrotic tissue and the extent of the cavity. Amylase level in the cavity may be a
predictive factor for recurrence of PFC.

According to our study, additional treatments, such as EN, should be
considered after EUS-GTD in patients with WON with more than 50% parenchymal
necrosis and a PFC of more than 150 mm, whereas it may not be needed with
under 50% pancreatic parenchymal necrosis and within a PFC of 150 mm.

After successful initial treatment following EUS-GTD for PFC, recurrence of PFC in
the long term was higher in patients with higher amylase level in the cavity. This finding
indicates the communication of PFC with the pancreatic duct such as chronic pseudocyst
or disconnected pancreatic duct syndrome. Therefore, in cases with higher amylase
levels in the cavity, transpapillary treatment or prolonged stent placement should be
considered.

Research perspectives

In this study, we confirmed that the PFC size and the proportion of pancreatic
parenchymal necrosis were related to the resolution of WON treated by EUS-
GTD alone. If we can predict treatment outcome of WON by EUS-GTD alone,
we might be able to avoid unnecessary invasive therapy or make an earlier
decision to perform an additional treatment. Moreover, if we can predict
recurrence of PFCs by the amylase level in the cavity, we might be able to
reduce the recurrence of PFCs with prolonged stent placement or transpapillary
treatment. Prospective studies with larger numbers of patients will be needed to
confirm the reliability of these predictive factors.
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Abstract

AIM

To assess the diagnostic value of a laparoscopic finding
of a hepatic subcapsular spider-like telangiectasis
(HSST) sign in biliary atresia.

METHODS

A retrospective study was conducted first and then
a validation set was used to investigate the value of
an HSST sign in predicting biliary atresia (BA). In the
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retrospective study, laparoscopic images of the liver
surface were reviewed in 126 patients with infantile
cholestasis (72 BA patients and 54 non-BA cholestasis
patients) and a control group of 38 patients with non-
hepatic conditions. Analysis was first made by two
observers separately and finally, a consensus conclusion
was achieved. Then, the diagnostic value of the HSST
sign was validated in an independent cohort including
45 BA and 45 non-BA patients.

RESULTS

In the retrospective investigation, an amplified HSST
sign was found in all BA patients, while we were
unable to detect the HSST sign in 98.1% of the 54
non-BA patients. There was no HSST sign in any of
the control subjects. In the first review, the sensitivity
and specificity from one reviewer were 100% and
98.1%, respectively, and the results from the other
reviewer were both 100%. The consensus sensitivity
and specificity were 100% and 98.1%, respectively.
The HSST sign was defined as being composed of
several enlarged tortuous spider-like vascular plexuses
with two to eight branches distributed on all over the
liver surface, which presented as either a concentrated
type or a dispersed type. In the independent validation
group, the sensitivity, specificity, positive predictive
value and negative predictive value of the HSST sign
were 100%, 97.8%, 97.8% and 100%, respectively.

CONCLUSION
The HSST sign is characteristic in BA, and laparos-
copic exploration for the HSST sign is valuable in the
diagnosis of BA.

Key words: Laparoscopic hepatic subcapsular spider-
like telangiectasis sign; Infantile cholestasis; Biliary
atresia; Infantile hepatitis; Laparoscopy; Diagnosis;
Pediatric surgery

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Color Doppler ultrasound finding of hepatic
subcapsular flow has shown much potential for dis-
criminating biliary atresia (BA). While in clinical pra-
ctice, we have noticed a similar but more intuitive
phenomenon - a laparoscopic finding of hepatic sub-
capsular spider-like telangiectasis (HSST) sign, which
may be a specific marker for BA. Based on the current
data, we found that the sensitivity and specificity of the
HSST sign were each generally close to 100%.
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INTRODUCTION

Biliary atresia (BA), as a common neonatal cholang-
iopathy that leads to cirrhosis™, is the most common
indication for liver transplantation in infants™?,
The incidence of BA ranges from 1 in 5000 (Asian
countries) to 1 in 19000 (European countries) live
births, and it presents with typical symptoms and
signs such as persistent jaundice, acholic stools
and hepatomegaly within the first months of lifel®.
This disease is characterized by a progressive fibro-
obliterative obstruction of extrahepatic bile ducts.
A younger age (in the first 2 mo of life) at the time
of Kasai portoenterostomy has been found to be
life-saving in restoring bile flow and preventing the
worsening of liver function!*®, Thus, early discri-
mination is vital for the prognosis. Nevertheless,
it is still challenging to differentiate BA from other
cholestatic diseases as there are no characteristic
manifestations found in the early stage of BA.

Clinic features, such as prolonged jaundice, pale
stools and high conjugated hyperbilirubinemia, are
remarkable, but they are not specific’®. The ultrason-
ographic findings of an abnormal gall bladder and
triangular cord sign have been widely used in early
discrimination of BA®”!, but the accuracy of these
measurements varies®**!, A recent study showed that
the absence of a gallbladder and the triangular cord
sign could both have the highest specificity, up to 99%,
but a sensitivity of 28% and 80%, respectively!*,
Other examinations are also compelling, but the value
is limited. A duodenal fluid test is difficult to perform.
Definite biliary excretion shown by scintigraphy can
exclude BA, however, the absence of excretion is
not specific in BA because of it can be attributed to
any form of severe cholestasis’®'®!. Due to the small
diameter of and inadequate fluid in biliary ducts,
magnetic resonance cholangiopancreatography
(MRCP) plays a limited role in showing the biliary
tree in normal infants younger than 3 mo™”.. There-
fore, the high false positive rate in predicting BA is
inevitable. Moreover, the pathological features of
BA are bile ductular proliferation, canalicular and
cellular bile stasis, bile plugs, and portal or perilobular
fibrosis with preservation of the basic hepatic lobular
architecture®*®'%! which overlap with a-1-antitrypsin
deficiency, and occasionally Alagille syndrome, cystic
fibrosis, and total parenteral nutrition (TPN)-related
cholestasis™'.

Cholangiography is the gold standard, and a de-
finitive diagnosis of BA can be made when cholan-
giography fails to show the biliary tree!!. Laparotomy
cholangiography was previously used and was refused
by some parents because of the abdominal trauma
and incision complications, which finally led to the
delay of diagnosis. Recently, with the application
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of laparoscopy in pediatric surgery, laparoscopy-
assisted cholangiography (LAC) has become possible.
In our center, we performed laparoscopy-assisted
cholangiography on infants who were highly suspected
of having BA before the Kasai portoenterostomy was
developed™. During the procedure, we found that a
prominent pathological change on the liver surface - a
hepatic subcapsular spider-like telangiectasis (HSST)
sign - had a strong correlation with BA.

The current report includes a retrospective study
and a prospective study, which aimed to investigate
the significance of the laparoscopic finding of an HSST
sign in differentiating BA from other causes of neonatal
cholestasis.

The study was approved by the Ethics Committee
of Tongji Medical College, Huazhong University of
Science and Technology, and all parents of the patients
signed the inform consent. Before the parents signed
the consent form for surgery, they were informed that
the procedure was minimally invasive and that the
procedure would be carried out via a small incision
at the umbilicus ring and one stab incision in the left
abdominal wall. Parents were told that there was a
chance of needing additional trocars or conversion to
an open technique. Advantages and disadvantages
were reviewed to ensure that the parents were fully
educated about the procedure.

MATERIALS AND METHODS

Retrospective and clinical investigation
An HSST sign in laparoscopic images was evaluated in
cholestasis cases and a control group.

Patients: Laparoscopic images of the liver surface
were reviewed in 126 patients with infantile chole-
stasis who underwent laparoscopic cholecysto-
cholangiography or laparoscopic exploration at our
center between February 2011 and February 2015.
Among the 126 patients, 72 (31 boys, 41 girls; mean
age, 58 d = 29 d) were diagnosed with BA on the basis
of laparoscopic cholangiography or exploration (when
cholangiography failed due to the presence of atrophic
gallbladder), and the other 54 (24 boys, 30 girls;
mean age, 59 d £ 21 d) were diagnosed with non-BA
conditions, which included infantile hepatitis (n = 46),
biliary hypoplasia (n = 5) and total parenteral nutrition
(TPN) induced cholestasis (n = 3). Their final diagnoses
were confirmed by LAC, pathological examination or
clinical follow-up. Another 38 patients (19 boys, 19
girls; mean age, 63 d £ 22 d) without jaundice or liver
disease who underwent laparoscopic surgery served as
controls. Their clinical diagnoses were Hirschsprung’s
disease (n = 34) and intussusception (n = 4).

Laparoscopic findings: Laparoscopic images (5 mm
or 10 mm optical laparoscopy, pediatric HOPKINS TI
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26003BA, STORZ, Germany) of the liver surface were
evaluated by two observers separately and blindly
(Zhou Y and Jiang M) to screen for the presence
or absence of the HSST sign. The HSST sign was
preliminarily defined as enlarged tortuous spider-like
vascular plexuses distributed on the liver surface.

Statistical analysis: The results are expressed as the
mean = SD or number (percentage). For quantitative
data, statistical significance between groups was
tested using a two-sample t test. For qualitative data
(sex), significance between groups was tested by a »°
test. Sensitivity and specificity were calculated for the
HSST sign with the method of Newcombe!®"!. Individual
readings were calculated first; consensus readings
were calculated thereafter (by professor Tang ST).
Meanwhile, we applied Cohen’s k coefficient to assess
the agreement between the analyses conducted by the
two observers. Logistic regression analysis was applied
to determine whether the presence of the HSST sign
was useful in discriminating BA. A P-value of < 0.05
was considered statistically significant. SPSS 13.0
software (SPSS, IL, United States) was used for data
analyses.

Validation of the HSST sign

The diagnostic value of the HSST sign was validated
in an independent cohort composed of 45 BA and 45
non-BA patients.

Patients: Between February 2015 and April 2017,
we enrolled a consecutive series of patients who
were highly suspected of having BA. The enrollment
criteria in our series included the following: (1) icterus
was gradually aggravated after the first 3-4 wk; (2)
consistent depigmented stool; and (3) traditional
diagnostic examinations (i.e., physical examination,
blood biochemical examination, ultrasonography,
hepatobiliary scintigraphy, MRCP, etc.) failed to achi-
eve a definitive diagnosis®®®”. The children’s general
information, including gender, age and biochemical
parameters [the level of total and direct serum
bilirubin, alanine aminotransferase (ALT), aspartate
aminotransferase (AST) and gammaglutamyl trans-
peptidase (GGT)] were carefully documented.

Validation protocol: All enrolled patients underwent
laparoscopic exploration for the HSST sign before LAC.
The patient was considered to be BA when the HSST
sign was detected. The final diagnosis was confirmed
by LAC.

Pathologic evaluation: After surgery, patients
underwent pathologic examination. The hepatic sub-
capsular spider-like vessels were confirmed by gross
inspection, well preserved on the prepared tissue, and
evaluated with a microscope.
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Statistical analysis: The results are expressed as the
mean * SD or number (percentage). A two-sample
t test was used to compare quantitative parameters
between patients with BA and non-BA patients. A ;°
test was used to compare the male-to-female ratio
between patients with BA and non-BA patients. The
cut-off values for optimal clinical performance (best
sensitivity and best specificity simultaneously) of
individual parameters were determined from the
receiver-operating characteristic (ROC) curve. The
sensitivity, specificity, positive predictive value (PPV)
and negative predictive value (NPV) were calculated
for the HSST sign using the method of Newcombe".
A P-value of < 0.05 was considered statistically
significant. SPSS 13.0 software (SPSS, IL, United
States) was used for data analysis.

RESULTS

Retrospective and clinical investigation

The two groups were age- and sex- matched (P >
0.05 for both). The mean levels of total bilirubin, direct
bilirubin, AST and ALT in the BA group showed no
significant difference compared to the non-BA group.
The mean level of GGT was significantly higher in the
BA group than in the non-BA group (P = 0.02). Total
bilirubin, direct bilirubin, ALT, AST and GGT levels were
normal in the controls (Table 1).

An amplified HSST sign was identified in all patients
with BA (Figure 1A) and was not found in any of the
control subjects by both observers (Figure 1 B). One
observer (Jiang M) determined that there was no
HSST sign in 53 (98%) non-BA patients (Figure 1C-E),
except for one patient with cytomegalovirus (CMV)
hepatitis (Figure 1F). The other observer (Zhou Y) had
the opinion that there was no HSST sign in all patients
with non-BA. After discussion, the discrepancy was
resolved. The sensitivity and specificity of the HSST
sign were 100% and 98.1%, respectively (Table 2).

The HSST sign was widely distributed on the
surface of both left and right hepatic lobes, including
on the visceral and diaphragmatic facies (Figure
2). Thus, we redefined the HSST sign as follows:
it is composed of several enlarged tortuous spider-
like vascular plexuses with four to eight branches
distributed all over the liver surface, which presents
as a dispersed type (radiating branches originate from
more than one central point, but close to each other to
form a spider-like sign) (Figure 3A) or a concentrated
type (radiating branches originate from one central
point) (Figure 3B).

Logistic regression analysis showed that the
presence of the HSST sign was a significant predictor
of BA (P < 0.01). In addition, the concordance bet-
ween the two observers was also robust (k = 0.94,
95%CI: 0.87-1.0).
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Validation of the HSST sign

Characteristics of patients: The mean age of the
BA group was 60 d £ 29 d. The mean age of the non-
BA group was 61 d = 23 d. In the non-BA group, the
final diagnoses were infantile hepatitis (n = 43) and
biliary hypoplasia (n = 2). As shown in Table 3, there
was no significant difference between the BA and non-
BA groups in age or male-to-female ratio (P > 0.05
for both). The mean levels of total bilirubin, direct
bilirubin, AST and ALT in BA patients had no significant
difference compared to those in the non-BA group.
The mean level of GGT was significantly higher in the
BA group than in the non-BA group (P < 0.001).

Diagnostic performance of the HSST sign: On
high-definition laparoscopic images (5 mm or 10 mm
optical laparoscopic, pediatric HOPKINS I 26003BA,
STORZ, Germany), the HSST sign in all BA patients
was easily observed (Figure 4A). There were no HSST
sign observed in non-BA patients, except for one
patient (Figure 4B). The patient was considered to
have BA due to the presence of the HSST sign, whose
final diagnosis was biliary hypoplasia. The sensitivity,
specificity, PPV and NPV of the HSST sign were 100%,
97.8%, 97.8% and 100%, respectively.

Pathologic evaluation: The hepatic subcapsular
spider-like vessels were clearly identified in the stained
tissue. The vessels in the BA group were revealed
as dilated branches of hepatic arteries in the hepatic
subcapsular area (Figure 4C) and the vessels in
hypoplasia were revealed as hyperplastic capillaries in
the hepatic subcapsular area (Figure 4D).

DISCUSSION

A large sample study focused on GGT showed that it
was higher in the BA group than in other cholestatic
disorders for all age groups®, which was coincident
with our results. In our validation set, we found that
the area under the receiver operating characteristic
curve was 0.745 and GGT at a cut-off value of > 404
U/L had a 64.4% sensitivity and 84.4% specificity
in discriminating BA. A level of 300 U/L was also
previously reported by Liu et al'*® with 85% accuracy.
However high it may be, we cannot confirm BA directly
by GGT alone.

In the entire study, there were 14 BA patients (6
in the retrospective study and 8 in the validation set)
below the age of 40 d (with the minimum age of 20
d), in whom the HSST sign was observed but there
was no liver cirrhosis at gross inspection (Figure 5A).
The HSST sign was also found in 10 patients with BA
(8 in the retrospective study and 4 in the validation
set) who were older than 90 d (91-163 d) (Figure 5B).
Based on the above data, the presence of the HSST
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Figure 1 Laparoscopic images of the liver surface in the retrospective study. A: HSST sign in a 70-day-old boy with biliary atresia (blue arrow); B: Image of a
64-day-old boy with Hirschsprung’s disease; C: Image of an 82-day-old boy with infantile hepatitis; D: Image of a 72-day-old girl with biliary hypoplasia; E: Image of a
70-day-old boy with total parenteral nutrition-induced cholestatic cirrhosis; F: Small vessel plexuses (red arrows) observed in a 55-day-old boy with cytomegalovirus
hepatitis. The HSST sign does not exist in the images B-E. HSST: Hepatic subcapsular spider-like telangiectasis.

Figure 2 Hepatic subcapsular spider-like telangiectasis sign in a 68-day-
old boy with biliary atresia. A hepatic subcapsular spider-like telangiectasis
sign was widely distributed on the liver surface, including on the visceral facies
of the right liver lobe (red arrow), on diaphragmatic facies of the left liver lobe
(blue arrows) and on the surface of the caudate lobe (green arrows).

sign may not have a close relationship with hepatic
fibrosis or cirrhosis. It is known that CMV infection was
one causative factor of BA and may result in a delayed
diagnosis and surgical treatment®?*, Mohanty et a/t**
reported two cases of CMV infection, initially presenting
with intrahepatic cholestasis, who subsequently deve-
loped BA. Whether the pathological change in the
perivascular arterial tufts is the causative factor or
results from the developmental of BA is still unknown
and needs further investigation.

Ultrasonography (US) has been widely used in
differentiating BA from other causes of jaundice.
Hepatic subcapsular flow (HSF) in color Doppler US
was documented as being useful to predict BA®!82¢!
and had the highest performance in discriminating BA
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from non-BA conditions among several parameters!’®..

However, most of the neonates or infants were
uncooperative during color Doppler US examination
and other factors, such as the doctor’s experience,
machines, and patients’ respiration intensities, also
played an important role. Additionally, Takamizawa
et al”! debated that US alone could not rule out
BA and laparotomy remained mandatory if BA was
suspected. Therefore, we conducted this study and
finally determined that the HSST sign was useful for
predicting BA with a 100% sensitivity and 97.8%
specificity. Here, we had a 53-day-old patient with
a pre-operative icteric index of 149.9 but unobvious
yellowing of the skin. As shown in the picture, the
laparoscopic HSST sign (Figure 6A) and the result of
LAC (Figure 6B) were easier to identify than disting-
uishing HSF in a color Doppler US image (Figure 6C).

A similar phenomenon was also observed in Lee's
and Ramesh’s™?”! studies. These authors reported that
patients with BA who had hepatic subcapsular flow
on color Doppler US images also had subcapsular
telangiectatic vessels on the liver surface at the time
of the Kasai procedure. In these reports, four patients
with TPN-induced cholestasis and two with CMV he-
patitis were considered as having HSF®***®1, In our
retrospective study, three patients with TPN-induced
cholestasis cirrhosis were encountered, but no HSST
sign was detected (Figure 2E). In our validation set,
there were also two cases of infantile hepatitis who
were considered as having HSF, while the HSST sign
did not exist. The laparoscopic amplification effect on
an intuitive view of the liver surface and ultrasonic

[8]
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Figure 3 Different types of hepatic subcapsular spider-like telangiectasis signs. A: Dispersed type (short arrow) of the HSST sign in a 75-day-old boy with BA; B:
Concentrated type (long arrow) of the HSST sign in a 77-day-old boy with BA. HSST: Hepatic subcapsular spider-like telangiectasis; BA: Biliary atresia.

Table 1 Clinical characteristics of patients with biliary atresia, non-biliary atresia patients and control subjects in the retrospective

study

Characteristic BA (n = 72) Non-BA (7 = 54) P value' Control (7 = 38) P value® P value®
Age (d) 58 + 29 (20-180) 59 + 21 (35-125) 0.89 63 + 22 (36-109) 0.35 0.34
Male-to-female ratio 31:41 24:30 0.88 19:19 0.49 0.60
Total bilirubin (umol/L) 197.6 £72.8 163.6 £ 62.1 0.062 19.3+18.3 <0.0001 <0.0001
Direct bilirubin (umol/L) 132.8 +143.8 99.3 +50.8 0.29 57+5.6 0.003 <0.0001
ALT (U/L) 1629 +122.6 170.2 + 362.6 0.91 213+74 <0.0001 0.15
AST (U/L) 239.7 +156.7 183.5+253.1 0.27 30.0+11.1 <0.0001 0.037
GGT(U/L) 684.7 + 450.6 454.2 +450.9 0.052 46.5+22.4 <0.0001 0.003

'BA vs non-BA; BA vs controls; *Non-BA vs controls. The results are expressed as the mean + SD or number (percentage). HSST: Hepatic subcapsular

spider-like telangiectasis; BA: Biliary atresia; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT: Gamma-glutamyl transpeptidase.

Table 2 Diagnostic value of the hepatic subcapsular spider-like telangiectasis sign in first and consensus reviews by two reviewers in

the retrospective study 7 (%)

First review

Observer 1' Observer 22 Consistent result
Imaging feature Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity
HSST 72 (100) 54 (100) 72 (100) 53 (98.1) 72 (100) 53 (98.1)

'Observer 1 = Zhou Ying; “Observer 2 = Jiang Meng.

Table 3 Clinical characteristics of biliary atresia and non-

biliary atresia patients in the validation group

Characteristic BA (7 = 45) Non-BA (7 = 45) P value
Age (d) 60 + 29 61+23 0.90
Male-to-female ratio 21:24 25:20 0.40
Total bilirubin (umol/L) 1923 +63.5 173.6 £77.0 0.21
Direct bilirubin (umol/L) 131.6 +140.8 104.5 £52.3 0.23
ALT (U/L) 172.8 £120.9 124.3 +264.1 0.27
AST (U/L) 255.2 +162.1 188.7 £193.9 0.08
GGT (U/L) 661.8 £ 466.3 320.7 +£384.1 <0.001

The results are expressed as the mean + SD. BA: Biliary atresia; ALT:
Alanine aminotransferase; AST: Aspartate aminotransferase; GGT:
Gamma-glutamyl transpeptidase.

artifacts may be the cause of this difference. Moreover,
better concordance (k = 0.937) was achieved through
the amplified intuitive view.

Although the signal of hepatic subcapsular vessels
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was found with US, these vessels on laparoscopic
images had their own characteristics: (1) intuitive and
stable view of liver surface that was not influenced by
interference (machines, doctors’ experiences, thickness
of the abdominal wall, etc.); (2) the HSST sign could
be observed not only on the diaphragmatic surface
but also on the visceral surface; and (3) images were
magnified 4-8 times, which made the view of liver
surface clear and vessels easily identified.

Microscopic examinations revealed dilated small
arteries in the hepatic subcapsular area in patients
with BA, which is consistent with Lee’s™ and El-Guindi's!*
studies. These vessels were branches of hepatic arteries,
instead of capillaries in the hepatic capsule. Until
now, this phenomenon was not mentioned for other
liver diseases. The findings of arterial hyperplasia or
hypertrophy in liver specimens and the enlargement
of the hepatic artery on color Doppler US imaging in
BA patients were also documented™®’. It has also been
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Figure 4 Hepatic subcapsular spider-like telangiectasis sign and pathologic evaluation in the validation set. A: Concentrated type of the HSST sign (red
arrow) in a 68-day-old boy with BA; B: Vessels (black arrow) in biliary hypoplasia; C: Vessels in (A) was revealed as dilated small arteries (green arrow) in the hepatic
subcapsular area; D: Vessels in biliary hypoplasia (B) was revealed as dilated capillaries (blue arrow) in the hepatic subcapsular area. (Trichrome staining; x100).

HSST: Hepatic subcapsular spider-like telangiectasis; BA: Biliary atresia.

Figure 5 Laparoscopic images of hepatic subcapsular spider-like telangiectasis sign in biliary atresia patients at different ages. A: HSST sign (red arrow) in
a 40-day-old boy with BA. There was no cirrhosis at gross inspection; B: HSST sign (blue arrow) in a 156-day-old boy with BA, who had hepatic cirrhosis with ascites
and underwent liver transplantation. The HSST sign is obvious in both patients. HSST: Hepatic subcapsular spider-like telangiectasis; BA: Biliary atresia.

reported that the arterial changes might be driven by
primary growth signals, or represent a response to
a diseased micro-environment that might be rich in
growth promoting signals that favor angiogenesis™®*>?,
Similarly, the HSST sign is one of the arterial changes
in an intuitive view. As with the HSST sign in images
1-5, they were not quite the same and this difference
might help in predicting prognoses in the future.
Whether it is a primary change of BA or secondary to
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the bile duct inflammation is unknown and will be our
next focus of study.

At present, the procedure for addressing BA patients
is a routine examination followed by laparotomy or
laparoscopic cholangiography and a laparotomy Kasai
operation. For the laparoscopic cholangiography, two
or three 5-mm trocars and 30-45 min are needed
with one or two instances of radiation exposure.
However, with the application of the HSST sign, the
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Figure 6 Images in a 53-day-old patient with biliary atresia. A: Dispersed type of the HSST sign (red arrow); B: Image of laparoscopic cholangiography indicates
biliary atresia; C: Hepatic arterial flow extending to the hepatic surface on color Doppler US image (green arrow) indicates positive HSF. Laparoscopic HSST sign
and the result of laparoscopic cholangiography were easier to identify than distinguishing HSF in a color Doppler US image. HSST: Hepatic subcapsular spider-like

telangiectasis; US: Ultrasonography; HSF: Hepatic subcapsular flow.

procedure for addressing BA may become a routine
examination followed by laparoscopic exploration for
the HSST sign and a laparotomy Kasai operation in
the future, which would shorten the operative time
and radiation exposure and only needs one 5-mm
trocar. The advantage is obvious especially for non-BA
patients. In addition, it reflects the diagnostic function
of laparoscopy in BA, similar to a laparoscopic diagnosis
of hermaphroditism and inguinal hernias.

In conclusion, the HSST sign was preliminarily found
to have a good performance in diagnosing or excluding
BA with a 100% sensitivity and 97.8% specificity.
According to an early laparoscopic exploration of the
HSST sign, we can rapidly differentiate BA from non-
BA cases and potentially further prevent the delay of
a diagnosis of BA. However, given the limited sample
size included in the analysis, the value of the HSST
sign should be further confirmed in the future. Along
with the further research, the HSST sign might be
widely applied in clinical practice through a multicenter
and large sample study in the future.

COMMENTS

Background
As a common neonatal cholangiopathy that leads to cirrhosis, biliary atresia (BA)
is the most common indication for liver transplantation in infants. This disease
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is characterized by a progressive fibro-obliterative obstruction of extrahepatic
bile ducts. A younger age (in the first 2 mo of life) at the time of Kasai por-
toenterostomy has been found to be life-saving in restoring bile flow and
preventing the worsening of liver function. Nevertheless, it is still challenging to
differentiate BA from other cholestatic diseases as there are no characteristic
manifestations found in the early stage of BA. The demand for a specific and
reliable test to diagnose BA has increased.

Research frontiers

Color Doppler ultrasound finding of hepatic subcapsular flow has shown much
potential for discriminating BA. While in clinical practice, we have noticed
a similar but more intuitive phenomenon - a laparoscopic finding of hepatic
subcapsular spider-like telangiectasis (HSST) sign, which may be a specific
marker for BA. This has not been published in previous literature.

Innovations and breakthroughs

According to these preliminary investigation, the HSST sign showed promising
diagnostic performance for differentiating BA from any other cholestasis
diseases, such as infantile cholestasis and cholestatic syndrome. The authors
found that the sensitivity and specificity of the HSST sign were each generally
close to 100%.

Applications

With the application of the HSST sign, the procedure for addressing BA may
become a routine examination followed by laparoscopic exploration for the
HSST sign and a laparotomy Kasai operation in the future, which would shorten
the operative time and radiation exposure.

Terminology
The HSST sign is composed of several enlarged tortuous spider-like vascular
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plexuses with four to eight branches distributed all over the liver surface,
which presents as a dispersed type (radiating branches originate from more
than one central point, but close to each other to form a spider-like sign) or a
concentrated type (radiating branches originate from one central point).

Peer-review
Very interesting findings. It is worth to be published because of new findings of
laparoscopic view for the surface of liver in biliary atresia
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Abstract

AIM

To evaluate the short-term outcomes and quality of life
(Qol) in gastric cancer patients undergoing digestive
tract construction using the isoperistaltic jejunum-later-
cut overlap method (IJOM) after totally laparoscopic
total gastrectomy (TLTG).

METHODS

A total of 507 patients who underwent laparoscopic
gastrectomy (D2) from January 2014 to March 2016
were originally included in the study. The patients were
divided into two groups to undergo digestive tract
construction using either 1JOM after TLTG (group T, n
= 51) or Roux-en-Y anastomosis after laparoscopic-
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assisted total gastrectomy (LATG) (group A, n = 456).
The short-term outcomes and QoL were compared
between the two groups after 1:2 propensity-score
matching (PSM). We used a questionnaire to assess

QoL.

RESULTS

Before matching, age, sex, tumor size, tumor location,
preoperative albumin and blood loss were significantly
different between the two groups (P < 0.05). After
PSM, the patients were well balanced in terms of
their clinicopathological characteristics, although both
blood loss and in-hospital postoperative days in group
T were significantly lower than those in group A (P <
0.05). After matching, group T reported better QoL in
the domains of pain and dysphagia. Among the items
evaluating pain and dysphagia, group T tended to
report better QoL (“Have you felt pain” and “Have you
had difficulty eating solid food”) (P < 0.05).

CONCLUSION

The 1JOM for digestive tract reconstruction after TLTG
is associated with reduced blood loss and less pain
and dysphagia, thus improving QoL after laparoscopic
gastrectomy.

Key words: Esophagojejunostomy; Overlap; Later-cut;
Totally laparoscopic total gastrectomy; Quality of life

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This paper used propensity score-matched
analysis and questionnaire survey to evaluate the short-
term outcomes and quality of life (QoL) in patients
who underwent digestive tract reconstruction using the
isoperistaltic jejunum-later-cut overlap method (IJOM)
after totally laparoscopic total gastrectomy (TLTG) and
in patients who underwent Roux-en-Y anastomosis
after laparoscopic-assisted total gastrectomy. We found
the IJOM for digestive reconstruction after TLTG is
associated with reduced blood loss and less pain and
dysphagia, thus improving the QoL after laparoscopic
gastrectomy.

Huang ZN, Huang CM, Zheng CH, Li P, Xie JW, Wang JB, Lin
JX, Lu J, Chen QY, Cao LL, Lin M, Tu RH, Lin JL. Digestive
tract reconstruction using isoperistaltic jejunum-later-cut overlap
method after totally laparoscopic total gastrectomy for gastric
cancer: Short-term outcomes and impact on quality of life. World
J Gastroenterol 2017; 23(39): 7129-7138 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i39/7129.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i39.7129

INTRODUCTION

Since Kitano et al'*! reported laparoscopic-assisted
distal gastrectomy in 1991, laparoscopic techniques
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and instruments have improved substantially. Con-
sequently, totally laparoscopic distal gastrectomy is
increasingly employed and has a proven history of
safety and feasibility’®. However, although scholars
have reported a variety of totally laparoscopic total
gastrectomy (TLTG) methods***¥, this technique has
not been widely adopted because of the technological
difficulty inherent in digestive reconstruction. Interest
in improving the postoperative appearance and quality
of life (QoL) in patients with gastric cancer has been
increased. This goal, combined with the reduced
trauma associated with TLTG, has heightened interest
in developing ways to improve TLTG. Surgeons have
primarily adopted the overlap or functional end-to-
end method for digestive tract reconstruction after
TLTG. However, these methods have drawbacks,
such as jejunal freeness, which is seen particularly
frequently with large anastomoses. Therefore, we
devised the isoperistaltic jejunum-later-cut overlap
method (IJOM), which involves esophagojejunostomy
anastomosis after TLTG. Using this technique, we
believe that the jejunum can be positioned with
greater ease, thereby reducing the difficulties encou-
ntered with the anastomosis. However, little is
known about the short-term outcomes and QoL of
patients following the implementation of this IJOM for
digestive reconstruction after TLTG. Thus, this study
aimed to assess the short-term outcomes and QoL
in gastric cancer patients undergoing digestive tract
reconstruction with IJOM after TLTG and with Roux-
en-Y anastomosis after LATG using propensity-score
matching (PSM)!****! and a QoL assessment scale.

MATERIALS AND METHODS

Study population and inclusion/exclusion criteria

Between January 2014 to March 2016, data were
collected from 703 patients who underwent lapar-
oscopic gastrectomy at Fujian Medical University Union
Hospital. The including criteria were: (1) pathologically
proved gastric cancer by endoscopic biopsy specimen
analysis; (2) the aforementioned examination indi-
cated no evidence of distant metastasis; and (3)
postoperative pathological diagnosis was curative
RO. The exclusion criteria were: (1) intraoperatively
proved distant metastasis; (2) T4b stage; (3) missing
pathological data; (4) neoadjuvant therapy; and (5)
comorbidities that could influence QoL (e.g., previous
or combined malignancies; cardiovascular disease;
cerebrovascular disease; neurological conditions,
such as dementia and seizure; and severe chronic
obstructive pulmonary disease requiring persistent
medical aid). A number of 507 patients were eligible.
Group T consisted of 51 patients who underwent the
1JOM after TLTG, and group A comprised 456 patients
who received a Roux-en-Y anastomosis after LATG. The
1:2 PSM was performed. Ultimately, group T included
51 patients and group A included 102 patients (Figure 1).
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Table 1 Characteristics, merit and demerit of different esophagojejunostomy anastomosis techniques

Anastomosis surgeon Characteristics Merit Demerit

Uyama et al™ The anastomosis line is vertical with esophageal long axis Anastomotic is large enough The number of anastomosis
Jejunum is located in the right side of the esophagus. linear staplers is much

Matsui et al™ Complete the anastomosis before severed esophagus The number of anastomosis linear ~ Probably develop dysphagia 6

P phag y P dysphagj
Close the stoma and resect specimens at the same time staplers is reduced mo after operation

Jejunum is located in the right side of the esophagus

Lee et al™ Suture esophagus, jejunum and right angle of diaphra, Reduce the incidence of esophageal Increase the operation time

phagus, jej g g phragm phag P

after anastomosis hiatal hernia and anastomotic fistula
Jejunum is located in the right side of the esophagus
Before anastomosis, the specimens was removed

Jejunum is located in the left side of the esophagus

Okabe et al™ The size of anastomotic stoma is bigger ~ The technique is difficult

Inaba et al™” Overlap anastomosis Isoperistaltic anastomosis meets the The jejunum is free and
Divide the jejunum before anastomosis physiological needs difficult for anastomosis
Matsui et al™” Overlap anastomosis Isoperistaltic anastomosis meets the The jejunum is free and

Divide the esophagus after anastomosis

physiological needs difficult for anastomosis

LTC
Contains Roux-en-Y anastomosis
(n =703)

DO (7 = 38)

D1" (n=091)

D3 (n=4)

Incomplete pathological data (7 = 8)
Comorbidities

and Preoperative surgery (7 = 55)

TLTG (7 = 51) LATG (17 = 456)

Propensity-score matching (1:2):
Sex, age, BMI, tumor location,
Clarson co-morbidity score,

CT stage, cN stage

Group T (7 = 51) Group A (7 = 102)

Figure 1 The flow chart of patient selection. LTG: Laparoscopic total
gastrectomy; TLTG: Totally laparoscopic total gastrectomy; LATG: Laparoscopic
assisted total gastrectomy.

Anastomosis step

In group T, the IJOM was performed after TLTG.
After dissecting the lymph nodes laparoscopically
and mobilizing the esophagus (Figure 2A) and
the duodenum (Figure 2B), an endoscopic linear
stapler was used to transect them sequentially in
predetermined locations. Two small incisions were
made on the left side of the resection margin of the
esophagus (Figure 2C) and the antimesenteric border
of the jejunum (Figures 2D) approximately 20 cm
away from the ligament of Treitz, respectively.

Then, the two limbs of the stapler were inserted
into each incision, respectively, and the forks of the
stapler were closed and fired, achieving a side-to-side
esophagojejunostomy (Figure 2E). After confirming
that there was no bleeding via common stab incision
(Figure 2F), the common stab was manually sutured
(Figure 2G). Then, the jejunum was transected after
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baring the mesenteric border approximately 1 cm
into the jejunum wall and approximately 3 cm away
from the esophagojejunostomy (Figure 2H). After a
small incision was made each on the antimesenteric
border of the margin of the proximal jejunum
and the distal jejunum roughly about 45 cm from
esophagojejunostomy, the two limbs of the stapler
were inserted into each incision, and the forks of the
stapler were closed and fired to achieve a side-to-side
jejunojejunostomy (Figure 2I). After confirming that
there was no bleeding or damage to jejunal mucosa
by common stab incision, the common stab incision
was sutured laparoscopically (Figure 2J). Finally, we
removed the specimen through a 3.5-cm incision on
the lower abdomen. The differences between this
method and other esophagojejunostomy anastomosis
techniques are summarized in Table 1.

For patients in group T, the lymph nodes were
dissected laparoscopically, and the esophagus and
duodenum were mobilized. Then, the traditional open
Roux-en-Y anastomosis was performed using a circular
staplert®,

Definition

All patients signed the informed consent form before
operation. Preoperative computed tomography (CT)
scanning, ultrasonography of the abdomen and
endoscopic ultrasonography were routinely performed.
When distant metastasis was suspected, positron
emission tomography was performed. Preoperative
morbidities were scored according to the Charlson
score system™”), Tumor staging was performed acc-
ording to the 7™ edition of the International Union
against Cancer (UICC) classification!*®!. Postoperative
anastomosis-related complications were diagnosed
by gastrografin esophagram or clinical manifestations
and stratified using the Clavien-Dindo classification!!.
Perioperative death was defined as death that occurred
during hospitalization. The Institutional Review Board
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Figure 2 The schematic diagram of anastomosis.

of Fujian Medical University Union Hospital approved
this study.

QoL questionnaire

We used the validated Chinese version of the European
Organization for Research and Treatment of Cancer
30-item core QoL questionnaire (EORTC-QLQ-C30)>%
to assess QoL. The questionnaire includes a global
health status, five functional items, three symptom
dimensions, and six individual symptom items (Table
2). Furthermore, we used the validated Chinese
version of the 22-item EORTC-QLQ gastric cancer
module (EORTC-QLQ-ST022)P" to assess tumor-
specific QoL. This questionnaire includes a functional
scale, five symptom dimensions, and three individual
symptom scales. QoL is represented by a score ranging
from O to 100 for every scale. Better QoL is indicated
by the higher scores in the functional scales of the
EORTC-QLQ-C30 and lower scores in the symptom
scores of EORTC-QLQ-C30 and STO22 (Table 2).

Follow-up
The follow-ups were performed via mailing, telephone
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call, or outpatient service. We explained the content
of each item of the questionnaire to the patients 6
mo postoperatively, and the patients chose their
own responses. Most patients underwent physical
examinations, laboratory tests, chest radiography,
abdominal ultrasonography or CT, and annual endo-
scopic examinations.

Statistical analysis

The Statistical Package for Social Science version
18.0 (SPSS, Chicago, IL, United States) was used to
perform statistical analyses. The t tests or paired t
tests were performed to compare continuous variables.
7° tests were performed to compare categorical
variables. P < 0.05 was considered statistically
significant.

RESULTS

Demographics and clinical characteristics

Before matching, age, sex, tumor location, tumor size,
and preoperative albumin level differed significantly
between the two groups (P < 0.05). After 1:2
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Table 2 Structure of EORTC QLC-C30 and EORTC QLQ-
STO22

Scale Number of constituting items
EORTC QLQ-C30

Global health status/QoL scale’ 2
Functional scales'

Physical functioning

Role functioning

Emotional functioning

Cognitive functioning

Social functioning
Symptom scales”

Fatigue

Nausea and vomiting

Pain

Dyspnoea

Insomnia

Appetite loss

Constipation

Diarrhoea

NN RN G

[ g S )

Financial difficulties
EORTC-QLQ-STO22*

Dysphagia

Chest and abdominal pain

Reflux

Eating restrictions

Anxieties

Dry mouth

Taste problem

Body image

Hair loss

NP =R W W W

'Higher scores represent better QoL; *Higher scores represent worse
QoL. EORTC QLQ indicates European Organization for Research and
Treatment of Cancer Quality-of-life Questionnaire; QoL: Quality-of-life.

matching, 51 and 102 patients were included in
groups T and A, respectively, and well balanced in their
clinicopathological characteristics (Table 3).

Perioperative results

After matching, blood loss and postoperative days of
hospital stay were significantly less in group T than in
group A (P < 0.05). The number of harvested lymph
nodes, operative time, time to first flatus, time to fluid
diet, and hospitalization costs were similar in the two
groups (Table 4).

Postoperative complications

Before matching, one patient had an anastomotic
fistula in group T. In contrast, Group A included 22
patients with anastomotic fistula, one with anastomotic
hemorrhage and four with anastomotic obstruction.
The incidences of anastomosis-related complications
were 2.0% and 5.9% in groups T and A, respectively;
the two rates were similar. After matching, there
was one patient with anastomotic fistula in group T,
whereas there were four patients with anastomotic
fistula, one with anastomotic hemorrhage, and two
with an anastomotic obstruction in group A. The
incidence of anastomosis-related complications had
no statistical difference in the two groups, and no
perioperative deaths occurred (Table 5).
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Functional scales

After matching, six patients died and one was lost to
follow-up 6 mo postoperatively in group T. Eventually,
44 patients joined the questionnaire survey. In group
A, ten patients died, and three were lost to follow-up.
A total of 89 patients from group A participated in the
questionnaire survey. The functional scales of EORTC-
QLQ-C30 were all similar in both groups (Figure 2).

Symptom scales

After matching, the symptom scales of EORTC-
QLQ-C30 and STO22 were compared. Based on the
pain scales of EORTC-QLQ-C30 and dysphagia scales
of EORTC QLQ-ST0O22, group T reported better QoL
(Figure 3). Subgroup analyses of two items in the
pain scale (“Have you felt pain?” and “Has your life
been affected by pain?”), group T tended to report
better QoL in “Have you felt pain?”(P = 0.018). In the
dysphagia scale, subgroup analyses of three items
(“Have you had difficulty eating solid food?”, “*Have you
had difficulty swallowing liquid or eating soft food?”,
and “Have you had difficulty drinking water?”) revealed
that group T tended to report better QoL in response
to the question “Have you had difficulty eating solid
food?” than group A (P = 0.039) (Table 6).

DISCUSSION

Laparoscopy offers several advantages over traditional
laparotomy, such as reduced trauma, faster recovery,
fewer postoperative complications, and greater
aesthetic appeal. These benefits are attributable to
the minimal invasiveness of laparoscopy and the
good clinical outcomes that have been reported™ >,
Currently, the methods of digestive tract reconstruction
employed after LG include LATG and TLTG. In LATG,
the digestive tract reconstruction is performed via a
small incision after lymphadenectomy, although this
decreases the advantages of laparoscopic minimally
invasive surgery. Since Uyama et al'® reported totally
laparoscopic digestive tract reconstruction, substantial
research in Japan and Korea has revealed that TLTG
has desirable short-term outcomes and is also safe
and effective™"**?%,

Currently, the digestive tract reconstruction me-
thods used after TLTG include overlap™? and functional
end-to-end™ techniques. However, jejunal freeness
is one of several drawbacks associated with these
methods and makes the anastomosis more difficult.
Therefore, we devised the IJOM, which involves
esophagojejunostomy anastomosis after TLTG. We
believe that, using this technique, the jejunum can
be more easily positioned, thereby reducing the
difficulty in creating the anastomosis. Moreover,
because the proximal jejunum is divided after the
anastomosis, the length of the blind loops can be
easily grasped. We found that blood loss was reduced
in group T, and this may be attributed to the clearer,
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Table 3 Demographic and clinical characteristics of patients in the two groups

All patients Propensity-matched patients
Group T (7 = 51) Group A (# = 456) Pvalue GroupT (7 = 51) Group A (m = 102) P value
Age (mean * SD, yr) 55.5+12.1 61.6+11.2 <0.001 55.5+12.1 55.9 £11.0 0.916
Gender <0.001 1.000
Male 34 345 34 68
Female 17 111 17 34
Charlson comorbidity index 0.281 0.608
0 48 418 48 92
1-2 3 38 3 10
BMI (mean + SD, kg/m?) 225+13.1 22.3+13.5 0.919 225+13.1 22.6+12.8 0.965
Tumor size (mean + SD, cm) 45+15 49+13 0.041 45+15 4717 0.142
Tumor location <0.001 0.177
Upper third 4 188 4 12
Middle third 34 169 34 76
Whole 13 99 13 14
Histology type 0.453 0.482
Differentiation 47 416 47 97
Undifferentiation 4 40 4 5]
Preoperative albumin (mean + SD, g/L) 408+43 391452 0.025 408+43 40.6 £4.6 0.796
Depth of infiltration (T) 0.174 0.643
T1 15 82 15 23
T2 8 83 8 18
T3 10 135 10 16
T4a 18 166 18 45
Nodal status (N) 0.729 0.534
NO 21 190 21 34
N1 11 77 11 18
N2 5 66 5 10
N3 14 123 14 40
UICC stage 0.319 0.502
1 13 78 13 18
I 17 159 17 40
il 21 219 21 44

BMI: Body mass index; UICC stage: 7" edition of the International Union against Cancer.

Table 4 Operative variables of the patients

All patients Propensity-matched patients
Group T (7 = 51) Group A (7 = 456) P value Group T (7 = 51) Group A (m = 102) P value
Operative time, min (mean + SD) 209.3 +£41.0 203.6 £49.3 0.427 209.3 £41.0 200.5 £ 55.6 0.318
Blood loss, mL (mean + SD) 48.3 £38.5 98.4 +149.1 0.017 48.3 £38.5 105.4 +147.9 0.008
Harvested LNs (mean + SD) 445+15.0 41.2+14.2 0.237 44.5+15.0 42.6+15.2 0.465
Time to first flatus, days (mean + SD) 38+1.2 35+1.7 0.220 38+12 3.6+1.2 0.332
Time to fluid diet, days (mean + SD) 56+14 5.6+1.6 1 56+14 55+19 0.739
Postoperative days (mean + SD) 126+43 147 +89 0.097 126 +4.3 154+89 0.035
hospitalization costs, yuan 75450 + 20038 73308 + 21932 0.505 75450 + 20038 70407 £ 13254 0.065
Chemotherapy 33 310 0.635 33 78 0.123

LN: Lymph node.

amplified field of vision achieved during laparoscopic
digestive tract reconstruction. As a result, blood
vessels in the muscles and mesentery can be more
readily identified and are less likely to be transected
during the procedure. Consistent with our findings,
previous studies have shown that reduced blood loss
is associated with better postoperative recovery™.
We found that the length of the postoperative stay in
group T was significantly shorter than that in group
A, confirming that less trauma and blood loss during
TLTG can promote faster recovery.

Lee et al® showed that distal gastrectomy dec-
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reases the QoL because of problems with eating
restrictions and body image. However, compared with
open surgery, laparoscopic-assisted distal gastrectomy
improves Qol, specifically by reducing the incidence
of postoperative intestinal obstruction™. Fujii et a*
suggested that this reduction in postoperative intestinal
obstruction may be attributable to the less abdominal
manipulation required for laparoscopic surgery, which
may blunt the systemic cytokine and inflammatory
responsest>***], Similarly, totally laparoscopic technology
reduces the amount of intestinal manipulation required
during digestive tract reconstruction and may also
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Figure 3 The functional scales. A: EORTC-QLQ-C30; B: EORTC-QLQ-C30 and EORTC-QLQ-ST022. °P < 0.05, EORTC-QLQ-C30 vs EORTC-QLQ-STO22.

Table 5 Morbidity and mortality associate with anastomosis

Propensity-matched patients

Group T, % (7 = 456) Group A, % (7 = 51) Pvalue GroupT, % (» = 102) Group A, % (7 = 51) P value

All patients
Morbidity 1(2.0) 27 (5.9)
Anastomotic fistula 1 22
Anastomotic hemorrhage 0 1
Anastomotic obstruction 0 4
Mortality 0 0

0.893 T(19) 6 (11.9) 0.552
1 4
0 0
0 2
/ 0 0 /

reduce the incidence of postoperative intestinal
obstruction. However, no studies have evaluated QoL
following totally laparoscopic surgery. Schneider et a/**®!
reported that the diameter of the anastomotic stoma
obtained using the linear stapler was significantly larger
than that achieved with the circular stapler, which
benefits the passage of food. At 6 mo post-surgery,
we found that symptoms of dysphagia were better in
group T, especially in terms of eating solid food. This
finding indicates that using a linear stapler can expand
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the diameter of the anastomotic stoma and that the
decreased intestinal manipulation involved in TLTG can
reduce the incidence of intestinal obstruction.

Patients who underwent TLTG reported significantly
less pain than those undergoing LATG. We believe
that this is because the incision in the abdominal wall
involved in TLTG is shorter, leading to less pain from
inflammation and scar formation. In addition, less
intra-abdominal manipulation likely contributes to
decreasing the formation of intra-abdominal adhesions
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Table 6 Constituent items of pain of EORTC-QLQ-C30 and dysphagia of EORTC-QLQ-STO22 as compared between group T and

group A

Propensity-matched patients

Group T (n = 44) Group A (n = 89) P value
Constituent items of pain of EORTC-QLQ-C30
Have you felt pain? 0.018
Not at all 28 66
A little 12 7
Quite a lot 14
Very much 1 2
Have your life affected by pain? 0.271
Not at all 39 73
A little 4 7
Quite a lot 1 9
Very much 0 0
Constituent items of dysphagia of EORTC-QLQ-STO22
Have you felt difficult to eat solid food? 0.039
Not at all 26 31
A little 11 32
Quite a lot 7 21
Very much 0 5
Have you felt difficult to eat liquid of soft food? 0.275
Not at all 38 67
A little 5 15
Quite a lot 1 7
Very much 0
Have you felt difficult to drink water? 0.194
Not at all 39 80
A little 5 5
Quite a lot 0 4
Very much 0 0

and, thus, the associated discomfort.

This is the first study investigating the differences
in short-term outcomes and QoL between the 1JOM
after TLTG and Roux-en-Y anastomosis after LATG
using PSM and a QoL assessment scale. The results
show that utilizing the IJOM after TLTG can reduce
intra-operative blood loss and relieve symptoms of
pain and dysphagia. However, this study has several
limitations. First, the follow-up period was short.
Second, a retrospective, single-center design was
used. Therefore, a prospective, multiple-center study
with a longer follow-up period is needed.

COMMENTS

Background

Surgeons have primarily adopted several methods for digestive tract
reconstruction after totally laparoscopic total gastrectomy (TLTG). However,
these methods have drawbacks, such as jejunal freeness and difficult to
perform. Therefore, we devised the isoperistaltic jejunum-later-cut overlap
method (IJOM), but little is known about the short-term outcome and quality-
of-life (QoL) in patients following the implementation of this digestive
reconstruction.

Research frontiers

The QoL after distal gastrectomy was reported to be affected by eating
restrictions and body image. For TLTG, scholars have reported a variety of
digestive reconstruction methods which are safe and effective, but the QoL is
uncertain.

Innovations and breakthroughs

The authors used propensity score-matched analysis and questionnaire
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survey to perform this research. The authors found that IJOM for digestive
reconstruction can reduce blood loss compared with Roux-en-Y anastomosis
and was associated with less pain and dysphagia, thus improving QoL after
laparoscopic gastrectomy.

Applications

Through this study, we can focus the symptoms which probably happen after
surgery and accordingly improve the QoL of patients. However, a prospective,
multiple-center study with a longer follow-up period is needed.

Terminology

EORTC-QLQ-C30: Chinese version of the European Organization for Research
and Treatment of Cancer 30-item core QoL questionnaire. EORTC-QLQ-
ST022: the validated Chinese version of the 22-item EORTC-QLQ gastric
cancer module. PSM: A statistical matching method which can reduce the bias
of variables.
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This study is a pioneer study about esophagojejunostomy anastomosis after
TLTG.
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Abstract

AIM
To report adalimumab (Ada) efficacy on articular-
gastrointestinal disease and health-related quality of life
(HRQoL) in patients with enteropathic spondyloarthritis
(ES).

METHODS

A cohort of 52 patients with ES was evaluated in the
departments of gastroenterology and internal medicine.
At baseline, all patients underwent assessment by an
integrated gastro-rheumatologic evaluation of articular
and gastrointestinal activity, as well patient reported
outcomes (PROs) of the HRQoL questionnaires. After
this integrated evaluation and following a specific
working flowchart, the Ada anti-tumor necrosis factor
(TNF)-inhibitor was assigned to a cohort of 30 patients
and its clinical efficacy was evaluated at baseline and
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after 6-mo and 12-mo treatment by the following
tests: (1) Ankylosing Spondylitis Disease Activity Score-
C-Reactive Protein (ASDAS-CRP); Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI), Bath
Ankylosing Spondylitis Functional Index (BASFI) and
Bath Ankylosing Spondylitis Metrology Index (BASMI)
for articular activity; (2) Inflammatory Bowel Disease
Questionnaire (IBDQ), Crohn’s Disease Activity
Index (CDAI) and partial Mayo (pMayo) score for
gastrointestinal symptoms and activity; and (3) Health
Assessment Questionnaire (HAQ), Patient Global
Assessment (PGA) and Short Form-36 health survey
(SF-36) questionnaires for PROs of the HRQoL.

RESULTS

Integrated evaluation and management of the pati-
ents affected by ES, carried out simultaneously by
a gastroenterologist and a rheumatologist, allowed
clinicians to choose the optimal therapeutic strategy.
In a cohort of 30 ES patients affected by active
articular and gastrointestinal disease, or axial active
articular inflammation, Ada led to fast and sustained
improvement of both articular and gastrointestinal
disease activities. In fact, all the clinimetric evaluation
tests exploring articular or gastrointestinal activity,
as well as all the HRQoL scores, showed a significant
improvement having been achieved at the earliest
(6-mo) assessment. This important clinical improvement
was maintained at the 12-mo follow-up. Importantly,
global and gastrointestinal quality of life significantly
correlated with articular disease activity, providing
evidence to support that the integrated evaluation is
the best option to manage patients with ES.

CONCLUSION

Ada treatment, upon multidisciplinary (gastro-
rheumatologic) evaluation, significantly improves both
articular and gastrointestinal inflammation, thereby
improving the HRQoL in patients affected by ES.

Key words: Clinimetric assessment; Patient reported
outcomes; Inflammatory bowel diseases; Enteropathic
spondyloarthritis; Tumor necrosis factor-inhibitors;
Multidisciplinary evaluation

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Enteropathic spondyloarthritis (ES) is char-
acterized by articular inflammation in patients with
inflammatory bowel diseases, such as Crohn’s disease
or ulcerative colitis. Correct management, especially
covering both of the two clinical manifestations (gastro-
rheumatologic), remains a challenge. In this study, we
demonstrated that the integrated gastroenterological
and rheumatologic evaluation of ES patients achieved
the best therapeutic approach. In particular, we dem-
onstrated that in a real-life cohort of ES patients,
the tumor necrosis factor-inhibitor, adalimumab, led
to fast and sustained improvement of articular and
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gastrointestinal inflammation, with a consequent impr-
ovement in the global and gastrointestinal quality of
life.

Luchetti MM, Benfaremo D, Ciccia F, Bolognini L, Ciferri
M, Farinelli A, Rossini M, Mosca P, Triolo G, Gabrielli A.
Adalimumab efficacy in enteropathic spondyloarthritis: A 12-mo
observational multidisciplinary study. World J Gastroenterol
2017; 23(39): 7139-7149 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i39/7139.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i39.7139

INTRODUCTION

Enteropathic spondyloarthritis (ES) is a seronegative
spondyloarthropathy (SpA) characterized by the
presence of articular inflammation in patients aff-
ected by inflammatory bowel diseases (IBDs),
such as Crohn’s disease (CD) or ulcerative colitis
(UC)™ 2. Arthritis is the most frequent extra-intestinal
manifestation in patients with IBDs™ and it may
primarily involve the axial joints, presenting with
definite ankylosing spondylitis (AS) and/or isolated
sacroiliitis, or peripheral joints and/or peri-articular
structures, such as tendons and entheses™. The
articular manifestations significantly affect health-
related quality of life (HRQoL) of ES patients™.

Although a link between inflammation of the joints
and gut has been demonstrated™®, only half of ES
patients are actually evaluated by a rheumatologist
for proper diagnosis and, thus, for an integrated
therapeutic approach through a coordinated action
with the treating gastroenterologist””’. Thus, an inte-
grated clinical evaluation and therapeutic approach
encompassing both the intestinal and articular features
in ES patients, will likely be beneficial, particularly for
the clinical outcomes. It has been demonstrated by
recent studies that tumor necrosis factor (TNF)-alpha
inhibitors could be effective therapeutic agents against
ES™, but few to date have reported on their real-life
efficacy in this disease.

Herein, we have investigated the role of a gastro-
rheumatologic multidisciplinary management and
therapeutic approach in ES patients through evaluation
of the efficacy of the TNF-alpha inhibitor adalimumab
(Ada), assessing the efficacy on both gastrointestinal
and rheumatologic disease activities and on the
patient-reported HRQoL.

MATERIALS AND METHODS

Patients and study design

This study was carried out in a cohort of 52 patients
with ES, including 31 affected by CD (59.6%) and
21 by UC (40.3%), collectively representing 23.6%
of the 220 overall patient population with IBD in the
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Table 1 Enteropathic spondyloarthritis patient features

ES-AN, n = 52 ES-AN/Ada, n = 30
Crohn'’s disease:Ulcerative colitis 31 (60):21 (40) 19 (63):11 (37)
Males:Females 22 (42):30 (58) 17 (57):13 (43)
Age in years 472+14.2 46.2+14.4
Disease duration of IBD in years 11.3£10.1 88+79
Smokers:Ex-smokers 9 (17):20 (38)
HLA-B27 positivity 5 (10) 4 (13)
Prior surgical intervention for IBD 13 (25) 5(17)
Previous extra-intestinal disease 6 (11) 5(17)
Eritema nodosum 2 1
Uveitis 3 5]
Pioderma gangrenosum 1 1
Crohn’s disease activity by CDAI
Inactive 14 (45) 7 (37)
Moderate 10 (32) 8 (42)
Moderate-to-Severe 7 (23) 4 (21)
Ulcerative colitis activity by partial Mayo
Mild 18 (86) 8(73)
Moderate 3 (14) 3(27)
Severe 0 0
Current medication at baseline
Non-steroids anti-inflammatory drugs 3 0
Sulfasalazine 3 2
Mesalazine 25 12
Cyclosporine 1 1
Azathioprine 9 5)
Oral steroids 12 7
Topical steroids 3 2
Metotrexate 2 1
Infliximab 6 4
Adalimumab 2 0
Spondyloarthritis features
Ankylosing spondylitis according to Modified New York Criteria 16 (31) 10 (33)
Non-radiographic Axial-Spondyloarthritis by ASAS Criteria 13 (25) 10 (33)
Peripheral- Spondyloarthritis 23 (44) 10 (33)
Type of axial involvement n=29 n =20
Syndesmophytosis 8 (28) 6 (30)
Bamboo spine 2(7) 2 (10)
Sacroiliitis by MRI and/ or X-ray 29 (100) 20 (100)
Type of articular involvement in Crohn’s disease n =31 n=19
Axial 16 (52) 11 (58)
Axial and peripheral 4 3
Peripheral only 15 (48) 8 (42)
Enthesitis 9 (29) 5 (26)
Type of articular involvement in ulcerative colitis n=21 n=11
Axial 13 (62) 9(82)
Axial and peripheral 9 5
Peripheral only 8 (38) 2 (18)
Enthesitis 4(19) 2 (18)

Data are presented as 1, n (%) or mean + SD. CDAI: Crohn’s Disease Activity Index; ES-AN: Patient cohort with enteropathic spondyloarthritis from
the SPIB Program, Ancona, Italy; ES-AN/Ada: Patients of the ES-AN cohort treated with adalimumab; IBD: Inflammatory bowel disease; NSAID: Non-

steroidal anti-inflammatory drug.

Spondyloarthritis in IBD Project (commonly referred to
as SPIB), described elsewhere!®. The patients’ clinical
and laboratory data are shown in Table 1, and the
patient group is henceforth defined as the “ES-AN”
cohort (Enteropathic spondyloarthritis from Ancona,
Italy).

At each clinical observation, both the rheumat-
ologist and the gastroenterologist collaborated in a
shared session to develop the therapeutic strategy by
applying a specifically designed algorithm (Figure 1)
that was mainly based upon gastrointestinal-articular
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disease activity and the site of articular involvement at
diagnosis (axial or peripheral arthritis). Briefly, the ES-
AN patients were primarily separated into the following
two groups for comparative analysis:

Group I (biological drugs-naive group): This
group encompassed three treatment subgroups. In
the axial-ES-AN (Ax-ES-AN) subgroup, patients were
administered Ada as first-line therapy, due to the
absolute contraindication for a long-course treatment
with nonsteroidal anti-inflammatory drugs (NSAIDs)
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Figure 1 Therapeutic algorithm of the ES-AN patient cohort at the time of entry into the study. A: ES patients biological drugs-naive were treated depending on
IBD activity and site of the articular involvement, as follows: a) Ax-ES-AN with Ada as the TNF-inhibitor in first-line therapy, due to the absolute contraindication for a
long-course treatment with NSAIDs in cases of IBDs; b) Per-ES-AN in cases of active IBD and in those patients who were non-responders to short-course corticosteroid
treatment (not > 3 mo) or NSAIDs (not > 2 wk), with DMARD (methotrexate or sulfasalazine), or in cases of ESR > 30 mm/h and/or CRP > 0.5 mg/dL, and polyarticular
inflammatory involvement with Ada; c) Per-ES-AN in inactive IBD, with steroids or DMARDs, depending on the number of inflamed joints and systemic inflammation
(evaluated by ESR and/or CRP); B: ES patients already in treatment with infliximab for the IBD. In the ES-AN patients already treated with IFX: a) Per-ES-AN with
active IBD were switched to Ada; b) Per-ES-AN with IBD in remission received a DMARD in addition to the IFX already in use; c) Ax-ES-AS were switched to Ada,
regardless of IBD activity. Dashed line: Patients refractory to therapy. Therapeutic doses: DMARDs were prescribed at the standard dose regimens (salazopyrine 2 gr
bid; methotrexate 10-20 mg once a week); Ada was used following the therapeutic dosage and indications for IBDs (160 mg at d 1 and 80 mg after 2 wk, followed by
40 mg every 2 wk). Ada: Adalimumab; AX-ES-AN: Patients with axial spondyloarthritis in the ES-AN cohort; CRP: C-reactive protein; ES: Enteropathic spondyloarthritis;
ES-AN: Patients affected by ES in the Ancona’s cohort; ESR: Erythrocyte sedimentation rate: DMARD: Disease modifying anti-rheumatic drug; IBD: Inflammatory bowel

disease; NSAID: Non-steroidal anti-inflammatory drug; Per-ES-AN: Patients with peripheral spondyloarthritis in the ES-AN cohort.

in case of IBD. In the peripheral-ES-AN (Per-ES-AN)
subgroup, patients with active IBD or who were non-
responders to a short course of corticosteroids (not
more than 3 mo) or NSAIDs (not more than 2 wk)
were administered either a disease-modifying anti-
rheumatic drug (DMARD), such as either methotrexate
(MTX) or sulfasalazine (SSZ), or Ada if erythrocyte
sedimentation rate (ESR) was > 30 mm/h and/or
C-reactive protein (CRP) concentration was > 0.5
mg/dL and/or in the presence of polyarticular inflam-
matory involvement. In the Per-ES-AN in inactive
IBDs subgroup, patients were administered steroids
or DMARDs, depending on count number of inflamed
joints and systemic inflammation (evaluated by ESR
and/or CRP).

Group II (TNF inhibitor-treated group): This
group also encompassed three treatment subgroups.
For the first, the Per-ES-AN consisting of patients with
still active IBD were switched to another TNF-inhibitor
(Ada). For the second, the Per-ES-AN consisting of
patients with IBD in remission were administered a
DMARD in addition to the TNF-inhibitor already in use.
For the third, the Ax-ES-AN patients were switched to
Ada, regardless of IBD activity.

In all patients, the TNF-inhibitor Ada was used as
recommended for IBD treatment: 160 mg in the first
week, 80 mg for the next 2 wk, and thereafter 40 mg
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once every 2 wk.

Study measures and evaluation

All patients of the ES-AN cohort were assessed for
clinical disease activity and HRQoL (Table 2). Briefly,
articular (SpA) disease activity was assessed by the
Bath Ankylosing Spondylitis Disease Activity Index
(BASDAI)"® and the Ankylosing Spondylitis Disease
Activity Score-C-Reactive Protein (ASDAS-CRP)
calculation™; gastrointestinal (IBD) disease activity
was assessed with the Crohn’s Disease Activity Index
(CDAI) for CD"? and the partial Mayo (pMAYO) score
for UC™,

Patient-reported outcomes (PROs) were assessed
with tests specific for articular-related symptoms
[i.e. the Bath Ankylosing Spondylitis Functional Index
(BASFI)]™* and gastrointestinal-related symptoms
[i.e. the Inflammatory Bowel Disease Questionnaire
(IBDQ)]™. Global wellness was assessed by use of
the Health Assessment Questionnaire (HAQ), Patient
Global Assessment (PtGA), and the Short Form-36
health survey (SF-36)"¢.

Statistical analysis

Endpoints of this study were the disease activity
indexes at baseline and at 6-mo and 12-mo follow-
ups. Variables are presented as mean % standard
deviation. Comparisons between groups at baseline
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Table 2 Clinimetric test for articular-gastrointestinal activity and patient reported outcomes of health-related quality of life

Test

Items and interpretation

Bath Ankylosing Spondylitis

Disease Index”

Ankylosing Spondylitis
Disease Activity Score-C-

Reactive Protein!!

Crohn’s Disease Activity

Index™

Partial MAYO score!™

Bath Ankylosing Spondylitis

Functional Index™!

Inflammatory Bowel Disease

q . [15]
Questionnaire'

Patient Global Assessment
(PtGA)
Short Form-36 health

[16]
survey

6 items: (1) fatigue, (2) back pain, (3) peripheral pain/swelling, (4) discomfort at pressure, (5) morning discomfort, and (6)
duration of morning stiffness;
Range from 0 to 10, with lower number representing less severe disease activity;
Score > 4 = active disease.
5 items: (1) back pain, (2) morning stiffness, (3) patient global, (4) peripheral pain/swelling, and (5) C-reactive protein;

Score < 1.3 = inactive disease; Score 1.3 to < 2.1 = moderate activity; Score 2.1 to < 3.5 = high activity; Score > 3.5 = very
high activit; Change = 1.1 = clinically important improvement; Change = 2.0 = major improvement.
8 items: (1) liquid stools, (2) abdominal pain, (3) general well-being, (4) extra-intestinal manifestations (including
arthralgia), (5) use of anti-diarrheals, (6) abdominal masses, and (7) hematocrit, 8) weight;
Final score is the sum of items, weighted by different factors;
Score < 150 = non-active disease; Score > 150 = active disease; Score > 450 = extremely severe disease.
3 items: (1) stool frequency, (2) rectal bleeding, and (3) physician global assessment;
Range from 0 to 9;
Score < 2 = disease remission; Score 2-4 = mild disease activity; Score 5-7 = moderate disease activity; Score > 7 = severe
disease activity.
10 questions designed to determine the degree of functional limitation;
Final score ranges from 0 to 10, with lower score indicating less functional limitation.

32 questions divided into 4 subscales: (1) bowel symptoms (10 questions); (2) systemic symptoms, including sleep
disorders and fatigue (5 questions); (3) emotional function, such as depression, aggression and irritation (12 questions);
and (4) social function, meaning the ability to participate in social activities and to work (5 questions);

The patient is invited to choose from 1 to 7 for every question;

Total score ranges from 32 to 224 points, with lower scores reflecting worse quality of life.

Collected on a numeric rating scale ranging from 0 to 10 for the question asking the patient: “Considering all the ways
your disease affects you, how much do you think is active today?”

Generic health status instrument with 8 domains: (1) physical function, (2) body pain, (3) role limitations-physical, (4)
general health, (5) vitality, (6) social function, (7) role limitations-emotional, and (8) mental health;

Greater scores reflect better health status;

Summarized in two summary scores defined as the (1) physical component score (Sf-36/PCS) and (2) mental component

score (5£-36/MCS).

and between baseline and subsequent assessments
were performed, respectively, with unpaired and paired
Student’s t-tests. Correlations between variables were
assessed using Pearson’s correlation coefficient. Data
were analyzed using the SPSS software (v22.0; IBM
SPSS Statistics for Windows, Armonk, NY, United
States).

RESULTS

Baseline assessment of the patients
In the ES-AN cohort, 29 (57.6%) patients were
affected by predominant axial SpA (Ax-ES-AN) and
23 (42.3%) by peripheral SpA (Per-ES-AN) (Table 1).
Only 5 patients showed positivity for human leukocyte
antigen-B27 (9.6%), including 4 affected by Ax-ES-
AN and 1 by Per-ES-AN. Sacroiliitis was found in all
the Ax-ES-AN patients, but 17 (55%) patients fulfilled
the Modified New York Criteria for AS, whereas 13
(45%) were affected by non-radiographic axial-SpA™.
Syndesmophytosis was found in 8 (27.6%) of the Ax-
ES-AN patients at different levels, but only 2 (6.9%)
presented a bamboo spine radiologic feature at
baseline. Concurrent peripheral arthritis and enthesitis
were present in about half of the Ax-ES-AN patients
(44.8%).

According to the established criteria, IBD was
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active in 63.2% of the CD patients and in 98% of
the UC patients, although the degrees of activity
varied. At baseline, no differences were observed
between the axial and peripheral spondyloarthritis
patients and between the CD and UC patients for the
articular disease activity (BASDAI, ASDAS-CRP) and
the PROs [IBDQ, BASFI, PtGA, HAQ, SF-36 Physical
Component Score (PCS) and Mental Component Score
(MCS)] (data not shown). Following findings from the
integrated evaluation and according to the algorithm
presented in Figure 1, the criteria employed in our
study to guide the therapeutic choice were (1) the
presence and/or absence of active IBD (evaluated by
both the gastroenterologist and by the results of the
gastrointestinal tests and PROs); and (2) the site of
articular involvement (axial or peripheral joints). Thus,
Ada was assigned to a cohort of 30 patients, henceforth
defined as the ES-AN/Ada cohort. Among this cohort,
4 were switched from infliximab for inefficacy, and the
total was comprised of 20 patients with Ax-ES-AN and
10 patients with Per-ES-AN (Table 1).

Evaluation of articular and gastrointestinal disease
activity

In most of the ES-AN/Ada patients, articular disease
activity, as assessed by ASDAS-CRP and BASDAI, was
significantly improved at 6-mo compared to baseline
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Figure 2 Evaluation of articular-gastrointestinal disease activity and HRQoL in the ES-AN patient cohort at baseline and after adalimumab therapy. All data
of the ES-AN patients were collected at baseline (T0), and after 6 mo (T6) and 12 mo (T12) of therapy. A: Evaluation of the articular disease activity with BASDAI or
ASDAS-CRP (Left), and of the gastrointestinal disease activity by CDAI for CD and pMAYO for UC (Right); B: Evaluation of PROs of gastrointestinal disease activity
by IBDQ (Left), and of global wellness by the PtGA (Right). °P < 0.05, °P < 0.01, °P < 0.001. ASDAS-CRP: Ankylosing Spondylitis Disease Activity Score/C-Reactive
Protein; BASDAI: Bath Ankylosing Spondylitis Disease Activity Index; CDAI: Crohn’s Disease Activity Index; ES: Enteropathic spondyloarthritis; ES-AN: Patients
affected by ES in the Ancona’s cohort; HRQoL: Health-Related Quality of Life; IBDQ: Inflammatory Bowel Disease Questionnaire; pMAYO: Partial Mayo score; PROs:
Patient reported outcomes.

(ASDAS-CRP: 3.2 £ 0.8 vs 1.9 £ 0.6, P < 0.001;
BASDAI: 5.5 £ 1.7 vs 3.2 £ 1.8, P < 0.001). A major
clinical improvement (ASDAS change of = 2) occurred
in 21% and an important clinical improvement (ASDAS
change of = 1.1) occurred in 52% (Figure 2A). The
improvement of articular disease was significant in both
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the axial and the peripheral subgroups of patients (P <
0.001 for both comparisons). The clinical improvement
at the articular level was maintained at the 12-mo
examination (Figure 2A).

Regarding the gastrointestinal disease activity, in
the CD patients the treatment led to a fast, consistent
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Figure 3 Correlations between articular and gastrointestinal disease activity and HRQoL scores in the ES-AN patient cohort at baseline. A: Correlation
between the PROs of gastrointestinal disease activity (assessed by IBQD) scores and SF-36 summary scores (assessed by PCS and MCS) with articular activity
scores (assessed by ASDAS-CRP); B: Correlation of the articular function (assessed by BASFI with SF-36/PCS); C: Correlation of the IBDQ with crohn’s disease
gastrointestinal disease activity (assessed by CDAI) and the SF-36/MCS. ASDAS-CRP: Ankylosing Spondylitis Disease Activity Score-C-Reactive Protein; CDAI:
Crohn’s Disease Activity Index; ES: Enteropathic spondyloarthritis; ES-AN: Patients affected by ES in the ancona’s cohort; HRQoL: Health-Related Quality of Life;
IBDQ: Inflammatory Bowel Disease Questionnaire; PROs: Patient reported outcomes; SF-36/MCS: Summary of “Mental Component Score” of the Short Form-36
health survey; SF-36/PCS: Summary of “Physical Component Score” of the Short Form-36 health survey.

and significant improvement of the gastrointestinal
symptoms at 6 mo, as assessed by the CDAI score
(181.3 £ 93.2 vs 112.3 £ 63.0, P < 0.01; Figure
2A), and maintained at 12 mo, when the clinical
remission was observed in almost all patients (Figure
2A). In parallel, a significant clinical improvement
was observed also in the UC patients, as shown by
the decrease of the pMAYO score at the 6-mo and
12-mo examinations (Figure 2A). All the values and
comparisons are detailed in Table 3.

Evaluation of the HRQoL

ES-AN/Ada patients reported significant improvement,
from baseline to 6 mo, in the IBDQ (145.3 + 36.8 vs
172.8 £ 36.7, P < 0.01), PtGA (61.1 £ 20.6 vs 35.6 £
19.1, P < 0.01; Figure 2B) and HAQ (4.8 £ 7.9 vs 2.0
+ 4.2, P < 0.05) scores, and this improvement was
maintained at 12 mo. Moreover, regarding the PROs
impacting articular function and global health wellness,
significant improvements were observed from baseline
to 6 moin the BASFI (3.2 £ 2.4vs 1.8 £ 1.4, P < 0.01),
Sf-36/PCS (42.2 £ 9.7 vs 48.4 £ 7.3, P < 0.01) and
Sf-36/MCS scores (35.4 + 10.9 vs 39.4+ 8.8, P < 0.05;
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Figure 2C); again, the improvements were maintained
at 12 mo. The improvement of all the scores for PROs
was similar in both the Ax-ES-AN/Ada and Per-ES-AN/
Ada subgroups at each follow-up observation. All the
values and comparisons are detailed in Table 3.

Correlations between variables

At baseline, it is noteworthy that a consistent signi-
ficant correlation was observed between the IBDQ test
(specific for the evaluation of the PROs related to the
gastrointestinal disease activity) and the clinimetric
scores of articular activity, as assessed by ASDAS-CRP
(Figure 3A), BASDAI, and with most of the PROs of the
HRQoL, as assessed by Sf-36/MCS and CDAI (Table
4). Moreover, articular disease activity at baseline
was significantly correlated with worse results in the
HRQoL tests, as shown by the Sf-36/PCS and Sf-36/
MCS scores (Table 4). After 12 mo of Ada treatment,
improvement of the articular activity (ASDAS-CRP)
correlated significantly with decrease in the gastroin-
testinal disease activity scores, as assessed by CDAI
in the CD patients (Figure 4A) and IBDQ in all of the
patients, and with most of the PROs of the HRQoL, as
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Figure 4 Correlations between articular and gastrointestinal disease activity and HRQoL scores in the ES-AN patient cohort after adalimumab therapy. A:
Evaluation data collected for the 30 ES-AN/Ada patients after 12 mo of therapy, showing correlation between gastrointestinal and articular disease activity in Crohn’s
disease patients (assessed by CDAI) and ASDAS-CRP respectively, and between ASDAS-CRP and SF-36 summary scores (PCS and MCS); B: Correlation between
CDAI and articular function (assessed by BASFI); C: Correlation between the gastrointestinal quality of life (assessed by IBDQ) and CDAI and SF-36/MCS. ASDAS-
CRP: Ankylosing Spondylitis Disease Activity Score-C-Reactive Protein; CDAI: Crohn’s Disease Activity Index; ES-AN: Patients affected by ES in the Ancona’s cohort;
ES-AN/Ada: Patients of the ES-AN cohort treated with adalimumab; HRQoL: Health-Related Quality of Life; IBDQ: Inflammatory Bowel Disease Questionnaire; SF-36/
MCS: Summary of “Mental Component Score” of the Short Form-36 health survey; SF-36/PCS: Summary of “Physical Component Score” of the Short Form-36 health
survey; Sf-36/PCS: Summary of “Physical Component Score” of the short form-36 health survey; PROs: Patient reported outcomes.

shown by the Sf-36/PCS (r = -0.30, P < 0.05) and

Table 3 Scores of the clinimetric test for articular-

gastrointestinal activity and patient reported outcomes of Sf-36/MCS (r = -0.41, P < 0.01) scores (Figure 2C), as
health-related quality of life well as the BASFI (r = 0.57, P < 0.001), PtGA (r = 0.37,
P < 0.01) and HAQ (r = 0.28, P < 0.05) scores. All the

Baseline Té T12 correlations for the values at 12-mo examination are

CDAIL n=19 181.3+93.2 1123 +63.0° 82.7 +48.7° detailed in Table 4.

PMAYO,n=11 3274179  1.81+1.07° 1.63 +1.43"

IBDQ 1453+368 17284367 180.7 + 33.0° e

BASDAI 55+17 32+18° 33+17 Tolerability

BASFI 32424 18+1.4° 20413 Ada was well tolerated throughout the follow-up

ASDAS-CRP 32+038 1.9+0.6° 1.9+0.6° period. Side effects reported included recurrent upper

b b . . . A

IFIGA Gllilesalo - b9l SOOI respiratory tract infections (n = 2), bothersome hair

L) 47£8.5 20£4.2 L6£3.5° loss (n = 1), and widespread itch (n = 2); but none

S£-36/PCS 422497 484+7.2° 485+7.3° T h ; P - ah )

S£-36/MCS 354+109 394 +88" 414497 necessitated suspension of the treatment. One patient

CRP in mg/dL 27437 08+1.2° 05+0.6" suffered from a serious infection (axillary suppurative

hidradenitis) that required prolonged antibiotic treat-

*P < 0.05, °P < 0.01, °P < 0.001. ASDAS-CRP: Ankylosing Spondylitis ment. The other minor side effects reported were
Disease Activity Score-C-Reactive Protein; BASDAI: Bath Ankylosing headache and fatigue

Spondylitis Disease Activity Index; BASFI: Bath Ankylosing Spondylitis
Functional Index; CDAI: Crohn’s Disease Activity Index; CRP: C-Reactive
Protein; pMAYO: partial Mayo score; HAQ: Health Assessment
Questionnaire; IBDQ: Inflammatory Bowel Disease Questionnaire; PtGA: DISCUSSION

Patient Global Assessment; SF-36/MCS: Summary of “Mental Component The association between SpAs and IBDs has been
Score” of the Short Form-36 health survey; SF-36/PCS: Summary of . L 171
“Physical Component Score” of the Short Form-36 health survey; T6 and known since the beglnnln'g of the last Century_ )
T12: Results of the evaluation after 6 mo and 12 mo of treatment with HOWGVGF, gastroenterologlsts and rheumatologlsts
adalimumab respectively. continue to carry out their clinical evaluations and
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Table 4 Correlations between the scores of clinimetric tests for articular-gastrointestinal activity and patient reported outcomes of

health-related quality of life scores

CDAI pMAYO IBDQ BASDAI  BASFI ASDAS-CRP  PtGA HAQ Sf-36/ PCS Sf-36/ MCS  CRP
At baseline
CDAI 1 1 -0.57° 0.19 0.29 0.21 0.14 0.12 -0.24 -0.33 0.35
PMAYO 1 1 -0.48° 0.34 0.38 0.37 0.15 0.18 -0.14 -0.11 0.28
IBDQ -0.57° -0.48° 1 -0.38° -0.34" -0.52° -0.26 -0.19 0.27 0.67° -0.26
BASDAI 0.19 0.34 -0.38° 1 0.64° 0.69° 0.24 0.26 -0.22 -0.31° 0.00
BASFI 0.29 0.38 -0.34° 0.64" 1 0.57° 0.37° 0.36° -0.44° -0.15 0.37°
ASDAS-CRP 0.21 0.37 -0.52° 0.69° 0.57° 1 0.37° 0.36° -0.30° -0.41° 0.32°
PtGA 0.14 0.15 -0.26 0.24 0.37° 0.37° 1 0.22 -0.14 -0.22 0.14
HAQ 0.12 0.18 -0.19 0.26 0.36° 0.36 0.22 1 -0.46° -0.03 0.07
Sf-36/PCS -0.24 -0.14 0.27 -0.22 -0.44° -0.30" -0.14 -0.46° 1 0.05 -0.13
Sf-36/MCS -0.33 -0.11 0.67° -0.31° -0.15 -0.41° -0.22 -0.03 0.05 1 -0.08
After 12 mo of therapy with adalimumab (ES-AN/Ada cohort)

CDAI 1 1 -0.83° 0.16 0.56" 0.54* 0.53" 0.53° -0.71° -0.67° 0.75°
PMAYO 1 1 -0.51 0.18 0.49 0.17 0.56 -0.29 -0.14 -0.25 0.6
IBDQ -0.83° -0.51 1 -0.23 -0.56" -0.55° -0.61° -0.36" 0.53° 0.66" -0.52°
BASDAI 0.16 0.18 -0.23 1 0.58" 0.68° 0.51° 0.39" -0.52° -0.11 -0.14
BASFI 0.56" 0.49 -0.56" 0.58° 1 0.56° 0.64° 0.54° -0.52° -0.45° 0.16
ASDAS-CRP  0.54° 0.17 -0.55" 0.68° 0.56" 1 0.67° 0.38° -0.62° -0.41° 0.31
PtGA 0.53° 0.56 -0.61° 0.51° 0.64° 0.67° 1 0.51° -0.37° -0.59° 0.26
HAQ 0.53° -0.29 -0.36 0.39° 0.54° 0.38° 0.51° 1 -0.47° -0.40° 0.10
S£-36/PCS 1 1 -0.83° 0.16 0.56" 0.54 0.53 0.53° -0.71° -0.67° 0.75°
Sf-36/MCS 1 1 -0.51 0.18 0.49 0.17 0.56 -0.29 -0.14 -0.25 0.60
CRP -0.83° -0.51 1 -0.23 -0.56" -0.55° -0.61° -0.36° 0.53° 0.66" -0.52°

Correlations between variables were assessed in the 30 patients with enteropathic spondyloarthritis from Ancona, Italy, at baseline and after 6 mo (data
not shown) and 12 mo of therapy with adalimumab (ES-AN/ Ada), using Pearson’s correlation coefficient; °P < 0.05, "P < 0.01. ASDAS-CRP: Ankylosing
Spondylitis Disease Activity Score-C-Reactive Protein; BASDAI: Bath Ankylosing Spondylitis Disease Activity Index; BASFI: Bath Ankylosing Spondylitis
Functional Index; CDAI: Crohn’s Disease Activity Index; CRP: C-Reactive Protein; HAQ: Health Assessment Questionnaire; IBDQ: Inflammatory Bowel
Disease Questionnaire; pMAYO: partial Mayo score; PtGA: Patient Global Assessment; SF-36/MCS: Summary of “Mental Component Score” of the Short
Form-36 health survey; SF-36/PCS: Summary of “Physical Component Score” of the Short Form-36 health survey.

the therapeutic management of these diseases, now
known collectively as ES, independently. In this regard,
the different clinical guidelines employed by the two
medical specialists may lead to different therapeutic
decisions for the same clinical scenario, ultimately
harboring potential for different clinical outcomes of
the disease. A critical issue in the clinical management
of ES is the correct therapeutic choice, and an im-
portant role has emerged recently for the TNF-alpha
inhibitors in this regard. Infliximab was the first TNF-
alpha inhibitor used in ES™®, but Ada has recently
been applied to ES patients affected by CD and has
achieved rates of clinical remission up to 50%"".

To our knowledge, this is the first study demon-
strating the efficacy of the integrated gastrorhe-
umatologic approach for evaluation and therapeutic
management of ES patients, with efficacy evidenced
through assessments of disease activity and HRQoL over
a 12-mo period. As dictated by our operative algorithm,
both the gastroenterologist and the rheumatologist
evaluated each of the patients in the study cohort,
with both of the specialists collaborating to choose
the optimal therapy. This integrated multidisciplinary
approach, therefore, considered the gastrointestinal
and articular disease activities simultaneously and,
most importantly in the latter case, the site of articular
inflammation (axial or peripheral). Thus, for example,
in the case of axial spondyloarthritis, the therapy with
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anti-TNF-alpha inhibitors was mandatory, following the
latest rheumatologic indications.

Since only few studies in the literature have so
far evaluated the efficacy and safety of anti-TNF-
alpha in ES, we employed the up and coming Ada
treatment in our study. The results indicated that in
ES patients, regardless of IBD type and/or site of
articular involvement, Ada significantly improves the
inflammation states of both the joints (assessed by
ASDAS-CRP and BASDAI) and gut (assessed by CDAI
or pMAYO score), as well as the HRQoL. Moreover,
the benefits were already observable at 6 mo and the
improvements were maintained at 12 mo. Ada also
consistently improved not only the physical function in
almost all ES patients (assessed by PtGA, BASFI, HAQ
and Sf-36/PCS) but also their psychological function
(assessed by Sf-36/MCS and IBDQ), from baseline to
6 mo.

It is noteworthy that in our study the strong
linear relationship between articular-gastrointestinal
disease activity and the PROs confirms the strong
link between gut and joint inflammations. In fact, the
IBDQ (specific for the gastrointestinal-related quality
of life) strongly correlated with results of the clinimetric
tests of articular activity (ASDAS-CRP, BASDAI and
BASFI); additionally, the articular disease activity
(assessed by ASDAS-CRP) strongly correlated with all
of the PROs studied, even those specific for IBDs. To
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the contrary, however, at baseline the gastrointestinal
disease activity scores (except for those of the IBDQ)
did not correlate well with the other variables, but at
12 mo of therapy the CDAI correlated with most of
the articular and PROs of HRQoL. This latter finding
may be consequent to the different degrees of disease
activities reported by the patients at baseline, which,
after the treatment, tend to be globally ameliorated
both at the gastrointestinal and articular levels.

Thus, since only the ASDAS-CRP test proved to
be the most reliable in all patients in our study, we
think that it should be necessary to develop composite
scores and HRQoL questionnaires specific and suitable
for ES patients at diagnosis, similar to those developed
for other multidisciplinary diseases, such as psoriatic
arthritis®". In conclusion, in our work that was carried
out in a real-life cohort of a significant number of
ES patients, we demonstrated that Ada produced
a fast and significant improvement of both the gas-
trointestinal and articular scores of disease activity
and, moreover, of the HRQoL. This clinical result
was achieved by employing an integrated outpatient
clinic specific for ES patients, as recently endorsed,
particularly with regard to early diagnosis'®**\. The
integrated approach provided the optimal management
of both the multidisciplinary clinical evaluation and the
therapy of these patients. Further studies are certainly
warranted to assess the long-term outcomes, and
tolerability, of Ada and other TNF-alpha inhibitors in
patients affected by ES.

COMMENTS

Background

Enteropathic spondyloarthritis (ES) is characterized by articular inflammation
in patients with inflammatory bowel diseases (IBDs), such as Crohn’s disease
or ulcerative colitis. Arthritis is the most frequent extra-intestinal manifestation
found in IBD patients, yet only half of the ES patients are actually evaluated
by a rheumatologist for a proper diagnosis and, thereafter, for receipt of an
integrated therapeutic approach through a coordinated action between the two
specialists.

Research frontiers

Considering the multidisciplinary intrinsic “face” of IBDs and the novel
therapeutic opportunities that comprise the biological drugs, as in the case
of anti-tumor necrosis factor (TNF)-alpha inhibitors, an integrated approach
and evaluation of all ES patients should be routinely employed and strongly
encouraged to obtain the best therapeutic efficacy on all the clinical
manifestations of this disease.

Innovations and breakthroughs

In this work, the authors have demonstrated that the integrated (simultaneous)
evaluation of patients affected by ES, through the coordinated efforts of a
gastroenterologist and rheumatologist, led to the best therapeutic approach,
thereby allowing the patients to achieve a consistent clinical remission of both
the articular and gastrointestinal inflammations.

Applications

Through this study authors have been able to generate a simple working
flowchart of the multidisciplinary clinical care process applied during the
patients’ integrated assessment. They suggest that in patients with ES and
in consideration of the therapeutic choice, particular attention should be
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paid to the presence of active intestinal disease, presence of active articular
(arthritis) and/or periarticular (enthesitis) disease and localization of the joints’
inflammation (peripheral or axial, as in the case of sacroiliitis).

Terminology

ES belongs to the group of seronegative spondyloarthritis (SpA) and, as such,
is characterized by the presence of arthritis in patients affected by IBDs; it is
also known as SpA-IBD.

Peer-review
This is an interesting and well-conducted work.
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Abstract

AIM
To determine whether the presence of columnar-lined
esophagus (CLE) is associated with the presence of
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esophageal varices (EVs) in male Japanese alcoholics.

METHODS

The subjects were 1614 Japanese alcohol-dependent
men (= 40 years of age) who had undergone upper
gastrointestinal endoscopic screening. Digitalized
records of high-quality endoscopic images that included
the squamocolumnar junction and esophagogastric
junction were retrospectively jointly reviewed by four
expert endoscopists for the purpose of diagnosing CLE.
The authors investigated whether and to what extent
there were associations between the presence of CLE
and the presence of EVs, especially in the group with
liver cirrhosis (LC).

RESULTS

CLE = 5 mm in length was found in 355 subjects (=
30 mm in 6 of them), LC without EVs in 152 subjects,
LC with EVs in 174 subjects, and EVs without LC in 6
subjects. Advanced EVs, /.e., nodular, large or coiled
forms, red color sign, or post-treatment, were found in
88 subjects. The incidence of CLE = 5 mm decreased
in the following order (P < 0.0001): 23.3% in the
group without EVs, 17.4% in the group with small and
straight EVs, and 5.7% in the group with advanced EVs.
The multivariate ORs (95%CI) for EVs and advanced
EVs in the group with LC were lower when CLE = 5mm
was present [0.46 (0.23-0.93) and 0.24 (0.08-0.74),
respectively, vs 0-4 mm CLE].

CONCLUSION
The presence of CLE in male Japanese alcoholics was
negatively associated with the presence of EVs.

Key words: Alcohol; Columnar-lined esophagus; Hiatal
hernia; Liver cirrhosis; Portal hypertension; Esophageal
varices

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A positive association between exces-
sive drinking and the presence of short-segmental
columnar-lined esophagus (CLE) has been reported in
Asians. Endoscopic screening of 1614 Japanese alcohol-
dependent men revealed the presence of CLE = 5 mm
in length in 355 subjects and esophageal varices (EVs)
in 180 subjects. The presence of CLE was negatively
associated with the presence of EVs, and even more
negatively associated with the presence of advanced
forms of EVs. Since the first resistance vessels to EVs
are the mucosal palisade vessels and submucosal veins
at the lower end of the esophagus, the development of
CLE may impede the development of EVs.

Yokoyama A, Hirata K, Nakamura R, Omori T, Mizukami T,
Aida J, Maruyama K, Yokoyama T. Presence of columnar-
lined esophagus is negatively associated with the presence
of esophageal varices in Japanese alcoholic men. World J
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INTRODUCTION

Esophageal varices (EVs) develop as a result of portal
hypertension, which is mainly due to liver cirrhosis
(LC) in alcoholics, and excessive alcohol drinking
increases the risk of variceal bleeding and mortality™ .
Excessive alcohol consumption has been reported to be
associated with the presence of gastroesophageal reflux
disease (GERD) and a short-segmental columnar-
lined esophagus (CLE) in East-Asian studies*®. Long-
segmental CLE is rare in Asians®, and a large pooled
analysis of the cases in Western studies did not
show a positive association between heavy drinking
and GERD or long-segmental CLE". The differences
between the results in East Asia and the West may be
attributable to the differences between East Asia and
Western countries in abdominal obesity, incidences of
Helicobacter pylori infection, and gene polymorphisms
of alcohol-metabolizing enzymes.

Our empirical impression based on the results
of endoscopic screening examinations of Japanese
alcoholic men is that EVs are less common among men
with short-segmental CLE. The development of CLE has
been shown to be accompanied by several histological
changes around the palisade vessels, including the
development of a double muscularis mucosae™**,
Since dilatation of the palisade vessels at the lower
end of the esophagus has been suspected of being
one of the major initial events in the development of
EVs secondary to portal hypertension'*'¥, some of the
histological changes accompanying the development of
CLE may protect against the development of EVs.

It is widely accepted that genetic polymorphisms of
alcohol dehydrogenase-1B (ADH1B, rs1229984) and
aldehyde dehydrogenase-2 (ALDHZ2, rs671) affect the
susceptibility of East-Asians to alcoholism**®, and
the presence of fast-metabolizing ADH1B encoded by
the ADH1B*2 allele in Japanese alcoholics has been
reported to be positively associated with the presence
of advanced liver disease!’ ..

The aim of the present study was to determine
whether and to what extent associations exist bet-
ween the presence of EVs and the presence of CLE
in Japanese alcoholic men based on the results of
endoscopic screening examinations and their ADH1B/
ALDH2 genotypes.

MATERIALS AND METHODS

Subjects

The reference population of this study consisted of
1902 Japanese alcoholic men 40 years of age and over
who: (1) Came to the Kurihama Medical and Addiction
Center for treatment of alcohol dependence for the first
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time between May 2004 and December 2011; (2) Were
evaluated for the presence of physical comorbidities; (3)
Underwent routine upper gastrointestinal endoscopic
screening; (4) And underwent ADH1B and ALDH2
genotyping™®. After excluding the 194 subjects with
a history of either gastrectomy or treatment for
esophageal cancer and the 94 subjects without a
digitalized record of high-quality endoscopic images
that included the squamocolumnar junction and
esophagogastric junction, 1614 patients were selected
as subjects.

All of the alcoholics who participated in this study
met the DSM-IV criteria for alcohol dependence!®™.
Just before the endoscopic screening examination we
asked each participant when he was in a sober state
about his drinking and smoking habits. Usual alcohol
consumption during the preceding year was expressed
in grams of ethanol per day calculated by using
standard conversion factors for alcoholic beverages.
Beer and low-malt beer were assumed to be 5%
ethanol (v/v); wine, 12%; sake, 16%; shochu, 25%;
and whiskey, 40%.

The clinical diagnoses of comorbidities were made
after alcohol detoxification. Patients received a routine
examination that included a physical examination,
blood tests, chest X-ray and abdominal X-ray, upper
gastrointestinal endoscopy, abdominal ultrasound
examination, and abdominal computed tomography.
The clinical diagnosis of LC was made on the basis of
the results of the physical examination, blood tests,
and imaging studies or detection of esophagogastric
varices during the endoscopic examination. The
severity of LC was graded according to the Child-
Pugh scoring system based on the findings at the first
visit®'l, Hepatitis B surface (HBs) antigen and second
generation anti-hepatitis C (HCV) antibody were
measured with Abbott enzyme immunosorbent assays
(Abbott Japan Inc., Tokyo).

Endoscopic procedure

Endoscopy was performed with an Olympus XQ230,
Q240, Q240Z, or Q260 panendoscope (Olympus
Optical Co. Ltd., Tokyo, Japan). Esophagogastric varices
were diagnosed according to the grading system for
esophagogastric varices adopted by the Japanese
Society for Portal Hypertension™!; e.g., based on
their form [small and straight (F1), nodular (F2), and
large or coiled (F3)] and red color (RC) sign (Figure
1). The severity of portal hypertensive gastropathy
(PHG) was evaluated according to Toyonaga's grading
system, which has been adopted by the Japanese
Society for Portal Hypertension (Figure 2)®: All PHG
lesions exhibit a snake-skin (mosaic) pattern in their
background mucosa; Grade 1, erythematous flecks or
maculae; Grade 2, red spots or diffuse redness; and
Grade 3, intramucosal or luminal hemorrhage. Three
patients could not be evaluated for PHG because of
food residue in the stomach.
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Assessment for columnar-lined esophagus and hiatal
hernia

The digitalized images that included the squamo-
columnar junction and esophagogastric junction
acquired before advancing the endoscope into the
stomach were stored by the medical imaging communi-
cation system. The endoscopic digitalized images
were retrospectively assessed during a joint review
by four expert endoscopists (Yokoyama A, Hirata
K, Nakamura R, Omori T) to diagnose CLE and
hiatal hernia according to the classification system
adopted by the Japan Esophageal Society™". The
endoscopic esophagogastric junction was defined as
the lower limit of the palisade longitudinal vessels
(Figure 3)M"%', It was defined as the upper limit of
the gastric mucosal folds when the lower limit of
the palisade vessels was unclear. The greatest axial
lengths of CLE were classified into four categories: 0-4
mm, 5-9 mm, 10-29 mm, and = 30 mm. The axial
length of a hiatus hernia was defined as the distance
between the esophagogastric junction and the hiatus
represented by the diaphragmatic pinch. The images
were examined for the presence or absence of a hiatal
hernia whose axial length was = 10 mm.

Alcohol dehydrogenase-1B and aldehyde
dehydrogenase-2 genotyping

ADH1B and ALDH2 genotyping of every subject was
performed by PCR-RFLP methods on a lymphocyte
DNA sample™,

Statistical analysis

The data have been summarized as means and
standard errors or as percentage values. Student’s
t-test was used to compare normally distributed con-
tinuous variables between groups; the Mann-Whitney
U-test was used to compare non-normally distributed
continuous variables between groups; and Fisher’s
exact test or Cochran-Mantel-Haenszel test for trend
was used to compare proportions between groups.
Multiple logistic regression models were used to
calculate adjusted odds ratios (ORs) and their 95%
confidence intervals (CIs). A P value less than 0.05
was considered statistically significant. All analyses
were performed by a biomedical statistician (Yokoyama
T) using the SAS statistical package (version 9.4; SAS
Institute, Cary, NC United States).

RESULTS

LC without EVs was diagnosed in 152 subjects, LC with
EVs in 174 subjects, and EVs without LC in 6 subjects.
The EVs were classified as F1 in 92 subjects, F2 or
F3 in 41 subjects, RC-sign-positive in 21 subjects,
and post-treatment in 26 subjects, 17 of whom were
reported to have been treated for variceal rupture. All
of the EVs in the subjects without LC were classified as
F1. Table 1 shows the background factors of the 1614
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Figure 1 Classification of esophageal varices. A: F1 varices, small and straight; B: F2 varices, nodular; C: F3 varices, large or coiled; D: post-treatment varices.

Table 1 Background of the Japanese alcoholic men with and
without esophageal varices 7 (%)

Esophageal varices

Absent Present P value
n 1434 180
Age (yr)
mean = SE 55.8+0.3 54.4+0.7 0.079

Alcohol consumption (g ethanol/d)
mean  SE 12142 133+7 0.066
Ever smoker 1310 (91.4) 159 (88.3) 0.21

Liver cirrhosis

Absent 1282 (89.4) 6(3.3)

Present 152 (10.6) 174 (96.7) < 0.0001
Gastric Varices

Absent 1418 (98.9) 147 (81.7)

Cardia, cardia/fornix 2(0.1) 23 (12.8)

Fornix 14 (1.0) 10 (5.6)  <0.0001
Portal hypertensive gastropathy 1432 179

Absence 1172 (81.8) 59 (33.0)

Grade 1 191 (13.3) 80 (44.7)

Grade 2 53 (3.7)  25(14.0)

Grade 3 16 (1.1) 15(84)  <0.0001
Anti-HCV antibody positive 69 (4.8) 13 (7.2) 0.20
HBs antigen positive 17 (1.2) 4(2.2) 0.28
ALDH2 genotype

*1/*1 1216 (84.8) 161 (89.4)

*1/*2 218 (15.2) 19 (10.6)

*2/*2 0(0.0) 0(0.0) 0.12
ADHIB genotype

*1/*1 406 (28.3) 41 (22.8)

*1/*2 470 (32.8) 69 (38.3)

*2/*2 558 (38.9) 70 (38.9) 0.20

ADHI1B: Alcohol dehydrogenase-1B; ALDH2: Aldehyde dehydrogenase-2;
P values were calculated by Student's t-test for mean values, and Fisher's
exact test for percent data.
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subjects according to whether they had EVs. There
were no significant differences between the group with
EVs and the group without EVs in age, usual alcohol
consumption, smoking, hepatitis C and B infection
status, or ALDH2 and ADH1B genotypes. LC, gastric
varices, and higher grade PHG were more common
in the group with EVs than in the group without EVs
(P < 0.0001). Most of the gastric varices in the group
without EVs were found in the fornix alone, and gastric
varices located in the cardia or cardia plus fornix
predominanted in the group with EVs.

CLE = 5 mm was found in 355 (22.0%) of the
subjects (5-9 mm, 13.6%; 10-29 mm, 8.1%; and
= 30 mm, 0.4%; Table 2). When advanced forms of
EVs were defined as F2 - F3 varices, RC-sign-positive
varices, and post-treatment varices, the proportion of
subjects with CLE = 5 mm decreased in the following
order (P < 0.0001): 23.3% in the group without
EVs, 17.4% in the group with F1 varices, and 5.7%
in the group with advanced varices, and the findings
were similar in the subgroup of subjects with LC (P =
0.0004). The incidence of CLE = 5 mm in the group of
subjects with advanced EVs did not differ significantly
according to whether they had or had not received
endoscopic treatment (7.7% and 4.8%, respectively,
P = 0.63). The proportions with a hiatal hernia =
10 mm (24.4%, 20.7%, and 13.6%, respectively)
decreased in the same order as the order in which the
proportions of subjects with CLE = 5 mm decreased
(P = 0.017), but the trend was not significant in the
subgroup of subjects with LC.
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Table 2 Columnar-lined esophagus and hiatal hernia and the degree of esophageal varices 7 (%)

Esophageal varices Absent F1 varices Advanced varices P value
n 1434 92 88
Columnar-lined esophagus
0-4 mm 1100 (76.7) 76 (82.6) 83 (94.3)
= 5mm 334 (23.3) 16 (17.4) 5(5.7) < 0.0001
5-9 mm 208 (14.5) 8(8.7) 3(3.4)
10-29 mm 120 (8.4) 8(8.7) 2(2.3)
= 30 mm 6(0.4) 0(0.0) 0(0.0)
Hiatal hernia = 10 mm
Absent 1084 (75.6) 73 (79.3) 76 (86.4)
Present 350 (24.4) 19 (20.7) 12 (13.6) 0.017
Number of patients with liver cirrhosis 152 86 88
Columnar-lined esophagus
0-4 mm 117 (77.0) 73 (84.9) 83 (94.3)
= 5mm 35 (23.0) 13 (15.1) 5(5.7) 0.0004
5-9 mm 22 (14.5) 8(9.3) 3(34)
10-29 mm 12 (7.9) 5(5.8) 2(2.3)
= 30 mm 1(0.7) 0 (0.0) 0(0.0)
Hiatal hernia = 10 mm
Absent 124 (81.6) 71 (82.6) 76 (86.4)
Present 28 (18.4) 15 (17.4) 12 (13.6) 0.36

Advanced varices: F2-F3 varices, red-color-sign positive varices, or post-treatment varices. P values are for trend calculated by the Cochran-Mantel-

Haenszel test.

Figure 2 Portal hypertensive gastropathy lesions exhibiting a snake-skin (mosaic) pattern in their background mucosa. A: Grade 1, erythematous flecks or
maculae; B: Grade 2, red spots or diffuse redness; C: Grade 3, intramucosal or luminal hemorrhage.

Table 3 shows the background factors of the 1614
subjects according to whether they had CLE = 5 mm,
and there were no significant differences between
the two groups in age, usual alcohol consumption,
smoking, or ALDH2 and ADH1B genotypes. Hiatal
hernia was more common in the group with CLE = 5
mm than in the other group (45.9% vs 17.3%, P <
0.0001). There was a significant difference between
the group with CLE = 5 mm and the group without
CLE = 5 mm in the proportions of ‘no LC and no
EVs’ subjects, 'LC and no EVs' subjects, and the ‘EVs’
subjects they contained (P = 0.001). There were no
significant difference between the group with CLE = 5
mm and group without CLE = 5 mm in the presence
of gastric varices or the grade of PHG.

A multiple logistic regression analysis to predict the
presence of CLE = 5 mm showed that the ORs (95%CI)
for CLE = 5 mm increased with age per +10 years

Baishidenge ~ WJG | www.wjgnet.com

[1.15 (1.00-1.32)] and with the presence of hiatal
hernia = 10 mm [4.33 (3.31-5.67)] and decreased
with the presence of EVs [0.47 (0.26-0.87); Table 4].
The presence of LC, presence of gastric varices, and
grade of PHG were not associated with the presence of
CLE = 5 mm.

Table 5 shows the background factors of the 326
subjects with LC according to whether they had EVs,
and there were no significant differences between
the two groups in age, usual alcohol consumption,
smoking, hepatitis C and B infection status, or ALDH2
and ADH1B genotypes. The absence of CLE = 5 mm (P
= 0.003), presence of gastric varices (P < 0.0001), and
higher grade PHG (P < 0.0001) were all more common
in the LC group with EVs than in the LC group without
EVs. Advanced Child-Pugh class (P = 0.011) was more
common in the LC group with advanced EVs.

A multiple logistic regression analysis showed
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Figure 3 Columnar-lined esophagus and hiatal hernia. A: CLE 10-29 mm; B: CLE 5-9 mm; C: CLE 0-4 mm and hiatal hernia = 10 mm. The endoscopic
esophagogastric junction was defined as the lower limit of the palisade longitudinal vessels (arrows). The axial length of a hiatal hernia was defined as the distance
between the esophagogastric junction and the hiatus represented by the diaphragmatic pinch. CLE: Columnar-lined esophagus.

Table 3 Background of the Japanese alcoholic men with and
without a columnar-lined esophagus 7 (%)

Columnar-lined esophagus = 5 mm

Absent Present P value

n 1259 355
Age (yr), mean + SE 55.6+0.3 558 +0.5 0.75
Usual alcohol consumption (g 123+2 121+4 0.69
ethanol), mean + SE
Ever smoker 1151 (91.4) 318 (89.6) 0.29
Hiatal hernia = 10 mm 218 (17.3) 163 (45.9) < 0.0001
No liver cirrhosis and no EVs 983 (78.1) 299 (84.2)
Liver cirrhosis and no EVs 117 (9.3) 35(9.9)
EVs 159 (12.6) 21 (5.9) 0.001
Gastric varices

Absent 1215 (96.5) 350 (98.6)

Cardia, cardia and fornix 23 (1.8) 2(0.6)

Fornix 21 (1.7) 3(0.8) 0.13
Portal hypertensive gastropathy 1256 355

Absent 947 (75.4) 284 (80.0)

Grade 1 218 (17.4) 53 (14.9)

Grade 2,3 91 (7.2) 18 (5.1) 0.17
ALDH2 genotype,

*1/*1 1077 (85.5) 300 (84.5)

*1/*2 182 (14.5) 55 (15.5)

*2/*2 0(0.0) 0(0.0) 0.61
ADHI1B genotype,

*1/*1 348 (27.6) 99 (27.9)

*1/*2 407 (32.3) 132 (37.2)

*2/*2 504 (40.0) 124 (34.9) 0.15

ADHI1B: Alcohol dehydrogenase-1B; ALDH2: Aldehyde dehydrogenase-2;
EVs: Esophageal varices; P values are according to the results of Student’s ¢-test
for age; the Mann-Whitney U-test for alcohol consumption; and Fisher's
exact test for the other variables.

that the ORs (95%CI) for EVs and advanced EVs in
the subgroup of subjects with LC decreased with the
presence of CLE = 5 mm [0.46 (0.23-0.93) and 0.24
(0.08-0.74), respectively, vs CLE 0-4 mm; Table 6].
Child-Pugh class was not associated with EV status.
The ORs for EVs and advanced EVs increased with
progression of the grade of PHG, and the OR for
advanced EVs increased with the presence of gastric
varices.
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DISCUSSION

The analysis of the results of endoscopic screening
of 1614 Japanese alcoholic men in this study
demonstrated that the presence of CLE was negatively
associated with the presence of EVs, and even more
negatively associated with the presence of advanced
forms of EVs. The prevalence of CLE = 30 mm
has been reported to be very low (0.0%-0.2%) in
Asians®®*?), The prevalence of CLE = 30 mm in the
present study was 0.4%, and most of the CLE was
short-segmental. The presence of a hiatal hernia was
a strong determinant of the presence of CLE in this
study, a finding that was consistent with the results
of previous studies®™”#%%?8! suggesting that GERD
in patients with a hiatal hernia contributes to the
development of CLE. Asian studies have demonstrated
positive associations between excessive alcohol
consumption and both GERD and short-segmental
CLE™®?), The prevalence of CLE = 10 mm has been
reported to be 1.8% in unselected Taiwanese, 4.0%
in symptomatic Koreans””, and 5.3% in a group of
Japanese who underwent an endoscopic examination
in a university hospital®. Thus, the high prevalence
(8.1%) of CLE = 10 mm in the population of alcoholics
in our study was at least in part attributable to chronic
heavy drinking.

As expected, the presence of EVs was positively
associated with the presence of LC, gastric varices,
and PHG. However, these factors were not associated
with the presence of CLE, and adjustment for these
factors revealed a negative association between the
presence of CLE and the presence and severity of EVs.
These findings taken together suggested a special
relationship between CLE and EVs in the presence of
LC and portal hypertension.

In the majority of LC patients the left gastric
vein is the afferent vein to the EVs®®, and the first
resistance vessels to the EVs are the mucosal palisade
vessels and submucosal veins at the lower end of the
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Table 4 Multivariate analyses to predict the presence of columnar-lined esophagus in Japanese alcoholic men

CLE, = 5 mm vs 0-4 mm

Independent variables OR 95%Cl P value
Age, per +10 yr 1.15 (1.00-1.32) 0.043
Usual alcohol consumption, per +22 g ethanol 0.99 (0.96-1.03) 0.75
Ever smoker vs never smoker 0.75 (0.49-1.14) 0.17
Hiatal hernia = 10 mm, presence vs absence 4.33 (3.31-5.67) <0.0001
Liver cirrhosis, presence vs absence 1.04 (0.68-1.60) 0.86
Esophageal varices, presence vs absence 0.47 (0.26-0.87) 0.015
Gastric varices, presence vs absence 0.59 (0.21-1.64) 0.31
Portal hypertensive gastropathy

Absent 1.00 Referent

Grade 1 1.23 (0.86-1.78) 0.26

Grade 2,3 091 (0.52-1.60) 0.74
Anti-HCV antibody, positive vs, negative 0.93 (0.53-1.66) 0.81
HBs antigen, positive vs, negative 0.56 (0.13-2.47) 0.44
ALDH?2 genotype, *1/*1 vs *1/*2 0.94 (0.67-1.33) 0.73
ADH1B genotype, *2 carrier vs *1/*1 0.97 (0.73-1.28) 0.81

ADHI1B: Alcohol dehydrogenase-1B; ALDH2: Aldehyde dehydrogenase-2; OR: Multivariate odds ratio; CI: Confidence interval; CLE: Columnar-lined

esophagus. ORs and CIs were calculated by using a multiple logistic regression model.

Table 5 Background of the Japanese alcoholic men with liver cirrhosis according to whether they had esophageal varices 7 (%)

Esophageal varices

Absent All forms P value Advanced forms P' value
n 152 174 88
Age (yr)

mean * SE 55.9+0.7 545+0.7 0.16 543+1.0 0.21
Alcohol consumption (g ethanol/d)

mean *+ SE 1247 1337 0.37 142 +11 0.18
Ever smoker 132 (86.8) 155 (89.1) 0.61 83 (94.3) 0.081
Columnar-lined esophagus = 5 mm 35 (23.0) 18 (10.3) 0.003 5(5.7) 0.0005
Hiatal hernia = 10 mm 28 (18.4) 27 (15.5) 0.55 12 (13.6) 0.37
Child-Pugh class

A 93 (61.2) 88 (50.6) 41 (46.6)

B 50 (32.9) 64 (36.8) 32 (36.4)

C 9(5.9) 22 (12.6) 0.053 15 (17.0) 0.011
Gastric varices

Absent 137 (90.1) 141 (81.0) 65 (73.9)

Cardia, cardia and fornix 2(1.3) 23 (13.2) 17 (19.3)

Fornix 13 (8.6) 10 (5.7) <0.0001 6 (6.8%) <0.0001
Portal hypertensive gastropathy 151 173

Absent 88 (58.3) 55 (31.8) 27 (30.7)

Grade 1 50 (33.1) 78 (45.1) 39 (44.3)

Grade 2 10 (6.6) 25 (14.5) 12 (11.4)

Grade 3 3(2.0) 15 (8.7) <0.0001 15 (8.4) <0.0001
Anti-HCV antibody positive 8(5.3) 13 (7.5) 0.50 8(9.1) 0.29
HBs antigen positive 4(2.6) 4(23) 1.00 1(1.1) 0.65
ALDH?2 genotype

*1/*1 134 (88.2) 156 (89.7) 77 (87.5)

*1/*2 18 (11.8) 18 (10.3) 11 (12.5)

*2/*2 0(0.0) 0(0.0) 0.72 0(0.0) 1.00
ADHI1B genotype

*1/*1 32 (21.1) 36 (20.7) 15 (17.0)

*1/*2 51 (33.6) 68 (39.1) 37 (42.0)

*2/*2 69 (45.4) 70 (40.2) 0.55 36 (40.9) 0.41

'Advanced forms of EVs vs no EVs. ADH1B: Alcohol dehydrogenase-1B; ALDH2: Aldehyde dehydrogenase-2; EVs: Esophageal varices; P values were

calculated by Student's t-test for mean values, and Fisher's exact test for percent data.

esophagus, where there are many palisade vessels
and few submucosal veins">**\. The palisade vessels
penetrate the muscularis mucosae and connect to the
submucosal veins 3-5 cm above the esophagogastric
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junction, the critical area for EV rupture!****!, Greatly

enlarged palisade vessels disrupt the muscularis
mucosae and form EVs across the proper mucosae and
the submucosa™®, and they cause advanced EVs by
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Table 6 Multivariate analyses to predict the presence of esophageal varices in Japanese alcoholic men with liver cirrhosis

Cirrhosis with EVs vs cirrhosis without EVs

All forms of EVs

Advanced forms of EVs

Independent variables OR (95%Cl) P value OR (95%Cl) P" value
Age, per +10 yr 0.88 (0.67-1.16) 0.35 0.90 (0.64-1.26) 0.55
Usual alcohol consumption, per +22 g ethanol 1.00 (0.94-1.06) 0.97 1.02 (0.95-1.10) 0.52
Ever smoker vs never smoker 1.04 (0.50-2.16) 0.93 2.13 (0.69-6.57) 0.19
Columnar-lined esophagus, = 5 mm vs 0-4 mm 0.46 (0.23-0.93) 0.030 0.24 (0.08-0.74) 0.013
Hiatal hernia = 10 mm, presence vs absence 1.10 (0.54-2.21) 0.80 0.97 (0.38-2.49) 0.95
Child-Pugh class

A 1.00 Referent 1.00 Referent

B 1.18 (0.70-1.98) 0.53 1.06 (0.55-2.05) 0.87

C 1.56 (0.64-3.82) 0.33 1.85 (0.67-5.16) 0.24
Gastric varices, presence vs absence 1.94 (0.96-3.91) 0.065 2.89 (1.29-6.47) 0.010
Portal hypertensive gastropathy

Absent 1.00 Referent 1.00 Referent

Grade 1 2.24 (1.32-3.80) 0.003 1.92 (0.97-3.77) 0.060

Grade 2,3 4.40 (2.11-9.15) <0.0001 5.29 (2.18-12.81) 0.0002
Anti-HCV antibody, positive vs negative 1.09 (0.41-2.93) 0.87 1.54 (0.49-4.88) 0.46
HBs antigen, positive vs, negative 1.16 (0.26-5.16) 0.85 0.61 (0.06-6.36) 0.68
ALDH?2 genotype, *1/*1 vs *1/*2 1.02 (0.47-2.20) 0.96 1.00 (0.38-2.60) 1.00
ADHI1B genotype, *2 carrier vs *1/*1 1.10 (0.61-1.99) 0.76 1.59 (0.72-3.51) 0.25

!Advanced forms of EVs vs no EVs, EVs: Esophageal varices; ADH1B: Alcohol dehydrogenase-1B; ALDH2: Aldehyde dehydrogenase-2; OR: Multivariate
odds ratio; ORs and ClIs were calculated by using a multiple logistic regression model; Advanced forms of EVs were F2-F3 varices, red-color-sign positive

varices, or post-treatment varices.

connecting with submucosal veins or sub- and intra-
epithelial channels accompanied by ‘varices on varices’
and positive RC signs2**32,

Although there is no difference between the ma-
ximal size of the palisade vessels in the CLE and
normal lower esophagus™, it is conceivable that the
development of CLE may change the microenvironment
of the interstitium around the palisade vessels, e.g.,
increased interstitial fibrosis and the formation of the
shallow muscularis mucosae of a double muscularis
mucosae. A double muscularis mucosae was seen
in 71% of the specimens obtained by endoscopic
resection of a CLE!"!. The double muscularis mucosae
in CLE divides the proper mucosae into two restricted
compartments, and may increase the resistance to
enlargement of palisade vessels and prevent the
vessels from communicating with the submucosal
vessels or sub- and intra-epithelial channels**3?,
thereby inhibiting the development of enlarged EVs
and RC signs. Scars secondary to endoscopic ligation or
sclerotherapy were present in some of the LC subjects
with post-treatment varices and their presence may
have influenced the development of CLE. However,
the incidence of CLE in the LC group did not differ
significantly according to whether there was a history
of endoscopic treatment.

The presence of the ADH1B*2 allele in Japanese
alcoholics has been demonstrated to be positively
associated with the presence of advanced liver disease
and the progression of Child-Pugh class!’*), but the
results of the present study showed no significant
associations between the genetic polymorphism and
the presence of EVs. The effect of the ADH1B*2 allele
on EVs was probably eclipsed, because 46.6% of the
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LC subjects lacked EVs.

Our study had several potential limitations. The
first potential limitation was that it was a cross-
sectional study based on the results of the endoscopic
screening, and the progression of CLE and EVs was not
evaluated directly. Identification of a causal relationship
between these endoscopic findings would require
longitudinal follow-up examinations. The second
potential limitation was that we evaluated the degree
of CLE by retrospectively reviewing the endoscopic
images, however, the review was performed jointly
by four expert endoscopists. Pathological studies of
autopsied cirrhotic subjects are warranted to clarify
the pathological background underlying the negative
association between the presence of CEL and the
presence of EVs. We did not observe any effects of
alcohol consumption during the preceding year on
the presence of CLE or EVs, but that may have been
because of the homogeneity of the study population
in terms of their extremely high alcohol consumption.
Generalization of the results obtained in our study
based on investigations of alcoholic men treated in
the Center requires confirmation in various drinking
populations, including in a population with mild
alcoholism.

Helicobacter pylori infection and chronic atrophic
gastritis protect against the development of GERD and
CLEP®*, If the observed associations between CLE
and EVs and advanced EVs reflect causal relationships,
the current trend toward lower Helicobacter pylori
infection rates in Japan may result in lower EV rates
and advanced EV rates in the future, and examination
for CLE may benefit alcoholics with advanced liver
disease by identifying their risk for the development or
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progression of EVs.

In conclusion, this cross-sectional observational
study revealed a negative association between the
presence of CLE and the presence of EVs in Japanese
alcoholic men. Further studies should be conducted
prospectively in a longitudinal fashion to confirm this
finding.

ARTICLE HIGHLIGHTS

Research background

Esophageal varices (EVs) develop as a result of portal hypertension, which is
mainly due to liver cirrhosis (LC) in alcoholics. Excessive alcohol consumption
has been reported to be associated with the presence of a short-segmental
columnar-lined esophagus (CLE) in East-Asian studies. It has not been
evaluated whether associations exist between the presence of EVs and the
presence of CLE in alcoholics.

Research motivation

Our empirical impression based on the results of endoscopic screening
examinations of Japanese alcoholic men is that EVs are less common among
men with short-segmental CLE. The development of CLE is accompanied by
several histological changes around the palisade vessels at the lower end of the
esophagus. Some of the histological changes accompanying the development
of CLE may protect against the development of EVs.

Research objectives

To determine whether and to what extent associations exist between the
presence of EVs and the presence of CLE in Japanese alcoholic men based on
the results of endoscopic screening examinations.

Research methods

The subjects were 1614 Japanese alcohol-dependent men (= 40 years of age)
who had undergone upper gastrointestinal endoscopic screening. Digitalized
records of high-quality endoscopic images that included the squamocolumnar
junction and esophagogastric junction were retrospectively jointly reviewed
by four expert endoscopists for the purpose of diagnosing CLE. The authors
investigated whether and to what extent there were associations between the
presence of CLE and the presence of EVs, especially in the group with LC.

Research results

CLE = 5 mm in length was found in 355 subjects, LC without EVs in 152
subjects, LC with EVs in 174 subjects, and EVs without LC in 6 subjects.
Advanced EVs, i.e., nodular, large or coiled forms, red color sign, or post-
treatment, were found in 88 subjects. The incidence of CLE = 5 mm
decreased in the following order (P < 0.0001): 23.3% in the group without EVs,
17.4% in the group with small and straight EVs, and 5.7% in the group with
advanced EVs. The multivariate ORs (95%Cl) for EVs and advanced EVs in
the group with LC were lower when CLE = 5 mm was present [0.46 (0.23-0.93)
and 0.24 (0.08-0.74), respectively, vs 0-4 mm CLE]. To clarify the pathological
backgrounds of the negative association between the presence of CEL and the
presence of EVs, the further pathological studies of autopsied cirrhotic subjects
may be warranted.

Research conclusions

The presence of CLE was negatively associated with the presence of EVs,
and even more negatively associated with the presence of advanced forms of
EVs. Since the first resistance vessels to EVs are the mucosal palisade vessels
and submucosal veins at the lower end of the esophagus, the development
of CLE may impede the development of EVs. Helicobacter pylori infection
and chronic atrophic gastritis protect against the development of GERD and
CLE. If the observed associations between CLE and EVs and advanced EVs
reflected causal relationships, the current trend toward to lower Helicobacter
pylori infection rates in Japan may influence EV rates and advanced EV rates in
the future, and examination for CLE may benefit alcoholics with advanced liver
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disease by identifying their risk for the development or progression of EVs. The
further studies should be conducted prospectively in the longitudinal fashion to
test this finding.
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Abstract

AIM

To identify the potential risk factors of cholangi-
ocarcinoma, we determined the characteristics of
cholangiocarcinoma patients among 5 different regions
of Thailand.

METHODS

All patients diagnosed with cholangiocarcinoma
between 2008 and 2013 were identified using the
Nationwide Hospital Admission Data registry (n =
39421). Baseline characteristics, comorbidities and
survival were abstracted.

RESULTS

The annual incidence during the study period was
stable in all regions. Most patients lived in the
Northeast (62.8%), followed by the North (16.9%),
Central (12.3%), Bangkok (5.4%), and South (n
= 2.6%) regions (P < 0.0001). Significantly more
cholangiocarcinoma patients had diabetes, cirrhosis,
and chronic viral hepatitis B/C infection than non-
cholangiocarcinoma participants (diabetes: 11.42% vs
5.28%; cirrhosis: 4.81% vs 0.92%; hepatitis B: 0.74%
vs 0.12%; and hepatitis C: 0.50% vs 0.10%, P < 0.0001
for all, respectively). The overall 1-year mortality rate
was 81.7%, with a stable trend over time.

CONCLUSION
Diabetes and chronic liver diseases may be associated
with cholangiocarcinoma in the Thai population.

Key words: Bile duct cancer; Population-based study;
Epidemiology; Liver fluke infection

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Cholangiocarcinoma is highly prevalent in
Thailand, particularly in the Northeast region. The high
cholangiocarcinoma incidence in this region is known
to be associated with a high prevalence of liver fluke
infection. Cirrhosis, diabetes, and chronic viral hepatitis
B and C infections have been recently identified as risk
factors for cholangiocarcinoma in Western countries.
In this study, we found that diabetes and chronic liver
diseases may be associated with cholangiocarcinoma
in the Thai population. Further study to determine
the magnitude of the impact of these factors on
cholangiocarcinoma development in the Thai population
iS necessary.

Chaiteerakij R, Pan-ngum W, Poovorawan K, Soonthornworasiri
N, Treeprasertsuk S, Phaosawasdi K. Characteristics and
outcomes of cholangiocarcinoma by region in Thailand: A
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INTRODUCTION

Cholangiocarcinoma (CCA), a malignancy of the biliary
tract epithelium, is of increasing importance due to
its continually increasing incidence worldwide™™), The
incidence of CCA varies substantially from region to
region, with a high incidence in Asia [e.g., 22.9, 7.5,
and 5.6 cases per 100000 persons in Thailand™,
China'”! and South Korea™, respectively] and a low
incidence in the United States and Europe [e.g.,
3.4, 1.6, 1.3, and 1.2 cases per 100000 persons in
Italy®®, the United States', France'™, and the United
Kingdom', respectively]. Variation in the global
incidence of CCA is due to variations in risk factors,
particularly host and environmental risk factors.
Within Thailand, the incidence of CCA also varies
geographically. The Northeast region of Thailand
has the most CCA cases, with an incidence rate of 85
cases per 100000 persons per year, whereas the South
region has the lowest humber of cases at 5.7 cases per
100000 persons per year. The high incidence of CCA in
Northeast Thailand is related to the high prevalence of
liver fluke or Opisthorchis viverrini (OV) infection.

In addition to liver fluke infection, primary scler-
osing cholangitis (PSC) is another major risk factor
for CCA™, PSC is a major cause of CCA in Western
populations and is associated with an 80- to 160-fold
increase in CCA risk!"***!, Although PSC markedly
increases CCA risk, PSC is present in only 20% of
all CCA patients™*!. Most CCA patients do not have
identifiable risk factors.

Cirrhosis, chronic viral hepatitis B and C infection,
diabetes, obesity, and smoking have recently been
shown to be associated with increased CCA risk™ %,
These factors were believed to contribute to the
increasing incidence of CCA in the United States!.
The question regarding whether or not these pree-
xisting conditions contribute to CCA development in
the Thai population, particularly in people living in
areas that are non-endemic for liver fluke infection,
has not yet been studied. Accordingly, the objectives of
this study were to compare the characteristics of CCA
patients among the 5 different regions of Thailand.
Secondarily, survival outcomes were determined. This
population-based study was conducted using data
from the National Health Security Office, Thailand.

MATERIALS AND METHODS

Ethical considerations
The protocol of this study was approved by the
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Institutional Review Board of the Faculty of Medicine,
Chulalongkorn University, Bangkok, Thailand (IRB No.
113/58).

Data source

The data were obtained from the Nationwide Hospital
Admission Data (NHAD) registry. The data were
already de-identified before the investigators accessed
them. Briefly, the NHAD registry is a database that
contains hospitalization data of Thai citizens who
are covered by the national Medical Welfare Scheme
(MWS). The MWS was established in Thailand in
2000 and is currently one of 3 major health insurance
systems. During the study period, the MWS covered
approximately 47 million of the 64 million total Thai
people in all age groups across Thailand. Those who
have health insurance coverage by the MWS can
access health services in hospitals that are registered
with the National Health Security Office. Patients
have access to the hospitals that are assigned to each
individual by the household registration system. At the
time of data collection, there were 39421 hospitals in
the registry, of which 14402 (36.5%) were primary or
community hospitals that provide primary healthcare,
11277 (28.6%) were secondary hospitals that provide
general healthcare, and 13742 (34.9%) were tertiary
referral hospitals that provide specialized care for
complex cases.

Study population

CCA cases: All patients diagnosed with CCA who
were admitted to affiliated hospitals during the
January 2008 to December 2013 study period were
identified in the NHAD registry using the International
Statistical Classification of Diseases and Related Health
Problems 10" Revision (ICD-10) codes of C22.1
(intrahepatic cholangiocarcinoma), C24.0 (extrahepatic
cholangiocarcinoma), C24.1 (cancer of the ampulla
of Vater), C24.8 (cholangiocarcinoma whose subtype
cannot be classified), and C24.9 (cholangiocarcinoma,
unspecified subtype). Cancer of the ampulla of
Vater was included in this study because it occurs
within 2 cm of the distal end of the common bile
duct. Demographic data, including age, gender, and
residential area, were collected and recorded. Potential
risk factors for CCA, including cirrhosis, diabetes, and
chronic viral hepatitis B and C infection, were collected
using the corresponding ICD-10 codes, as follows:
HBV infection: B18.0 and B18.1; HCV infection: B18.2;
cirrhosis: K74, K74.0, K74.1, K74.2, K74.6, K70.2,
K70.3, and K70.9; and diabetes mellitus type 2: E11.
Date of death was obtained from the death certificate.

Controls: There were 2 control cohorts in this study.
First, to compare demographic differences between
CCA patients and non-CCA individuals, all Thai citizens
were used as controls (n = 64076033). Demographic

Baishidenge ~ WJG | www.wjgnet.com

data of the Thai citizens were obtained in the year
2011 (the midpoint of the study period) from the
Department of Provincial Administration, Ministry of
the Interior, Thailand (Table 1). Second, to explore
the potential associations between cirrhosis, diabetes
and chronic viral hepatitis B and C infections and CCA
development in the Thai population, patients without
CCA who were admitted to hospitals during the
study period were used as controls (n = 18508448).
The data of non-CCA controls were obtained from
discharge summary notes in the same manner as CCA
cases.

Statistical analysis

All data analyses were performed using PASW®
Statistics version 18 (SPSS, Inc., Chicago, IL, United
States) and STATA version 12.1 (StataCorp LP, College
Station, TX, United States). The patients were divided
into 1 of the following 5 geographic region groups:
Northeast, North, Central, Bangkok, or South. Bangkok
is the capital of Thailand and is located in the Central
geographic region. However, we designated Bangkok
as a separate region because it has several major
university hospitals that may be able to provide more
technologically advanced treatment options than most
hospitals located in other parts of the country. The
annual incidence rate of CCA was calculated by dividing
the number of new patients who were admitted with
a diagnosis of CCA annually by the general population
in the same year. Underlying diseases and one-year
mortality rates were compared among regions using
Student’s t-test for continuous variables and chi-
square test for categorical variables.

Demographic data of CCA patients and all Thai
citizens were compared using chi-square and t-tests.
The proportions of individuals with cirrhosis, diabetes
and chronic viral hepatitis B and C infections between
CCA and non-CCA patients who were admitted to the
hospital were compared during the study period using
a y’ test. Data are presented as a number, number (%),
or mean % SD.

One-year mortality was calculated using the per-
patient information in which the survival time was
calculated from the subtraction between the date of
death and the date of the first admission. One-year
mortality was then defined as 1 if the survival time was
less than a year and 0 otherwise. An analysis of the
trend in CCA incidence and mortality was performed
using “nptrend”, the nonparametric test for trend
across ordered groups developed by Cuzick (1985),
which is an extension of the Wilcoxon rank-sum test. A
P-value of < 0.05 indicated statistical significance.

RESULTS

Baseline characteristics
There were 39421 patients diagnosed with CCA who
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Table 1 Baseline characteristics of cholangiocarcinoma

patients diagnosed between 2009 and 2013 (%)

Variable CCA cases Thai population P value
(n = 39421) (n = 64076033)

Gender
Male 24120 (61.2) 31529148 (49.2)  <0.001
Age (mean+SD,yr)  64.1%117 34.9'

Geographic region <0.0001
Northeast 24239 (61.5) 21585883 (33.7)  <0.001
North 6699 (17.0) 11783311 (18.4) <0.001
Central 5295 (13.4) 16060141 (25.1) <0.001
Bangkok 1114 (2.8) 5674843 (8.8) <0.001
South 1056 (2.7) 8971855 (14.0) <0.001

'Weighted average age calculated using the midpoint; Standard devia-
tion was undefined; thus, a t-test was not performed. CCA: Cholan-
giocarcinoma.

Table 2 Incidence (per 100000 persons) of cholangi-

ocarcinoma in Thailand during the 2009 to 2013 study
period

Region Year Prrend

2009 2010 2011 2012 2013 value
All 15.80 15.63 16.13 16.07 16.43 0.13
Northeast  28.71 28.33 28.96 29.30 28.83 0.25
North 19.59 18.80 19.46 18.80 20.84 0.70
Central 7.23 7.42 7.98 8.40 9.20 0.06
Bangkok 5.87 6.17 6.27 5152 6.01 0.85
South 2.76 2.74 2.98 2.81 2.98 0.17

Table 3 Proportions of individuals with potential predisposing

conditions to cholangiocarcinoma development 7 (%)

Conditions CCA patients Non-CCA patients P value
(n = 39421) (n = 18508448)

Cirrhosis 1896 (4.81) 170255 (0.92) <0.001
Chronic viral hepatitis 291 (0.74) 21797 (0.12) <0.001
B infection

Chronic viral hepatitis 196 (0.50) 18339 (0.10) <0.001
C infection

Diabetes 4502 (11.42) 977973 (5.28)" <0.001

'The number was estimated from the proportion of individuals with
diabetes among 1900000 patients on whom data on diabetes were
available, assuming the proportion of individuals with diabetes
was similar between those with and without data on diabetes. CCA:
Cholangiocarcinoma.

were admitted to the affiliated hospitals during the
study period. The mean + SD age was 64.0 £ 11.7
years, and most patients (61.2%) were male. When
compared by geographic area, the number of CCA
patients varied significantly. The Northeast region had
the greatest number of CCA cases (24239; 61.5%),
followed by the North (6699; 17.0%) and Central
regions (5295; 13.4%) (P < 0.0001) (Figure 1).
Bangkok had a relatively low number of CCA cases
(1114; 2.8%), and the South region had the lowest

Baishidenge ~ WJG | www.wjgnet.com

number of CCA patients (1056; 2.7%) (Table 1).
Differences in the demographic characteristics between
CCA cases and the general population are shown in
Table 1. During the study period, the annual incidence
rate was stable over time, i.e., 15.8, 15.6, 16.3, 16.1,
and 16.4 cases per 100000 persons-year in the years
2009, 2010, 2011, 2012, and 2013, respectively,
Prena = 0.13. When classified by region, the annual
incidence rate in each region remained stable over the
course of the study period (Table 2).

Potential factors contributing to CCA in Thailand
Among the comorbid diseases potentially associated
with CCA that were studied, diabetes was the most
frequently detected, affecting 11.42% (n = 4502)
of the entire CCA cohort. Cirrhosis and chronic viral
hepatitis B and C infection were present in 1896
(4.81%), 291 (0.74%), and 196 (0.50%) patients,
respectively (Table 3). CCA patients with cirrhosis
(n = 1896) were significantly more likely to have
hepatitis B infection, hepatitis C infection and alcoholic
liver disease than CCA patients without cirrhosis
(n = 37525), i.e., 124 (6.5%) vs 132 (0.3%), 100
(5.3%) vs 84 (0.2%), and 197 (10.4%) vs 0 (0%) for
hepatitis B infection, hepatitis C infection and alcoholic
liver disease, respectively; P < 0.0001 for all.

In a comparison of the proportion of individuals
with underlying diabetes and chronic liver diseases
between CCA vs non-CCA patients, we found
that a greater proportion of CCA patients had dia-
betes than non-CCA patients, i.e., 4502/39421
(11.42%) vs 977973/18508448 (5.28%), P <
0.001, respectively. Similarly, a significantly greater
proportion of CCA patients had viral hepatitis B and
C infection and cirrhosis, i.e., 291/39421 (0.74%) vs
21797/18508448 (0.12%), 196/39421 (0.50%) vs
18339/18508448 (0.10%), and 1896/39421 (4.81%)
vs 170255/18508448 (0.92%) for viral hepatitis B,
viral hepatitis C and cirrhosis, respectively; P < 0.001
for all comparisons (Table 3).

Compared to the Northeast region, all regions
had a higher proportion of CCA cases with cirrhosis
(5.39%, 6.84%, 7.46%, and 5.97% vs 3.97% for
North, Central, Bangkok, and South vs Northeast,
respectively; P < 0.0001 for all comparisons). Simi-
larly, all regions except for Bangkok had a signifi-
cantly greater proportion of CCA patients with chronic
viral hepatitis B infection than the Northeast region
(11.36%, 1.52%, and 1.11% in the North, South,
and Central regions vs 0.44% in the Northeast,
respectively; P < 0.001 for all comparisons) (Table
4). Bangkok had a borderline significantly greater
proportion of individuals with chronic hepatitis B than
the Northeast (P = 0.05) (Table 4). Taken together,
these findings suggest that cirrhosis and chronic viral
hepatitis B infection may be partly associated with the
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Table 4 Proportion of cholangiocarcinoma patients who had underlying diabetes and chronic liver diseases 7 (%)

Total Northeast North Phorthvs Central Peenral vs Bangkok  Psangkok vs South Psoutnvs Pror all regions

(l1 = 39421) (Il = 24237) (Il = 6696) Northeast (ﬂ = 5294) Northeast (l1 =11 13) Northeast (Il = 1055) Northeast
Diabetes 4502 (11.42) 2803 (11.56) 572 (8.54) <0.0001 689 (13.01) 0.11 389 (18.36) <0.0001 133 (12.60) 0.25 < 0.0001
Cirrhosis 1896 (4.81) 963 (3.97) 440 (5.39) <0.0001 362 (6.84) <0.0001 83(7.46) <0.0001 63(597) <0.0001 <0.0001
Chronic hepatitis B 291 (0.74) 106 (0.44) 91 (1.36) <0.0001 59 (1.11) <0.0001 18 (1.62) 0.05 12 (1.52) 0.002 < 0.0001
Chronic hepatitis C 196 (0.50) 92 (0.38) 57 (0.85) <0.0001 20 (0.38) 0.33 17 (1.53) 0.12 3(0.28) <0.001 <0.0001

P-value < 0.05 indicates statistical significance.

Table 5 One-year mortality rate in cholangiocarcinoma patients by region during the 2009 to 2013 study period 7 (%)

Year Region Total
Northeast North Central Bangkok South
2009 3825 (79.6) 1153 (85.5) 754 (80.6) 170 (78.7) 149 (74.5) 6051 (80.6)
2010 3928 (82.4) 1114 (86.1) 782 (81.0) 181 (80.4) 148 (74.0) 6153 (82.6)
2011 3988 (82.1) 1097 (83.0) 830 (80.0) 176 (78.2) 172 (78.5) 6263 (81.8)
2012 4087 (82.5) 1068 (82.3) 893 (79.7) 174 (81.3) 176 (83.4) 6398 (82.0)
2013 3973 (81.9) 1208 (84.2) 986 (79.9) 169 (72.5) 165 (73.3) 6501 (81.5)
Puend 057 0.25 0.13 0.57 0.85 0.85
17.0% (7 = 6699) mortality rate was also observed when evaluated by
region (Table 5).
DISCUSSION
In this population-based study of 39421 Thai CCA
patients, we observed substantial heterogeneity in
the CCA incidence across various regions of Thailand.
1(3-4°/‘:5295) Central To a lesser degree, we also observed variation in
n =

Bangkok
2.8%
(n =1114)

Figure 1 Northeast region had the greatest number of cholangi-
ocarcinoma cases, followed by the North and Central regions.

development of CCA in our population.

Outcome of CCA patients

At the end of the study period, 35190 (89.27%)
patients had died, of whom 31366 had died within 1
year after CCA diagnosis, corresponding to a 1-year
mortality rate of 81.68%. The study period mean
one-year mortality rates were stable (80.6%, 82.6%,
81.8%, 82.0%, and 81.5% for the years 2009 to
2013; Pwena = 0.85) (Table 5). A stable one-year
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mortality across the country. Our findings suggest that
diabetes, liver cirrhosis, and chronic viral hepatitis B
and C infection may contribute to CCA risk in the Thai
population.

As expected, we found that approximately 62% of
patients resided in Northeast Thailand, whereas only
3% of patients lived in the South region. The frequency
of CCA cases in each region was correlated with the
reported prevalence of OV infection in each area (as
high as 67% in the Northeast and only 0.1% in the
South)™®*”1, OV infection was shown to be associated
with a 10-fold increased risk of CCA"®, Accordingly,
the eradication of QV infection could potentially reduce
the incidence of CCA in Thailand. Indeed, a national
program to control OV infection has been rigorously
applied since 2000"”, After the implementation of a
comprehensive control program in a certain area in
the Northeast in which the prevalence of OV infection
was as high as 67%, the OV infection rate declined to
16%!"7). With the continuation of this control program,
we may see a decline in CCA incidence in this particular
study area over the next decade.

There is a body of evidence that suggests that
chronic liver diseases and diabetes are potential risk
factors for CCA!'?***8%91  Cirrhosis was shown to be
associated with at least a 5-fold increase in CCA
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risk*#142%1 previous studies have shown that CCA

patients had a higher proportion of individuals with
cirrhosis than controls, with proportions ranging from
3% to 10% depending on the enrolled population,
study design, and subtype of CCA studied™*'**%,
In this study, a significantly greater proportion of
CCA patients had cirrhosis than non-CCA patients.
Additionally, the proportions of CCA cases with
cirrhosis in non-endemic areas of OV infection (Central,
Bangkok, and South regions) ranged from 5.6% to
7.5%, which were comparable to the rate of 7.8%
reported in a Korean study!. Interestingly, the
proportions of CCA patients with cirrhosis in the non-
endemic areas of OV infection were significantly higher
than the proportion in the Northeast region. Taken
together, these findings suggest that cirrhosis may
be a potential factor that contributes to CCA in Thai
individuals, particularly in those who are not infected
with OV.

Chronic viral hepatitis B and C infections have
recently been recognized as potential risk factors for
CCAM**2923) 1n line with previous reports, we found
that significantly more Thai patients with CCA had
chronic viral hepatitis B and C infections than non-
CCA patients. Two recent meta-analyses reported
that hepatitis B and C infection confer risks of CCA
with odds ratios of 2.0 and 5.4, respectively™ *?, The
magnitude of the effect of hepatitis B infection on CCA
risk was more pronounced in Asian than in non-Asian
populations. For example, the odds ratios for hepatitis
B infection were 4.1 and 8.9 in Korean and Chinese
cohorts'*®?*, but only 2.8 in an American cohort™.
Data related to the effect of hepatitis B and C infection
on CCA risk in the Thai population are scarce®®. The
only report we were able to identify in the literature
did not identify a significant association between
hepatitis B/C infection and CCA; however, the study
was conducted in an area endemic to OV infection, and
the effect of hepatitis B and C on CCA risk may have
been masked by the higher effect magnitude of OV
infection®¥,

We observed that an approximately 2-fold greater
proportion of CCA patients had diabetes than non-CCA
patients (11.4% vs 5.3%). A recent large case-control
study of 2395 CCA cases and 4769 controls conducted
in the United States reported that the proportion of
subjects with diabetes among CCA cases and controls
was 18.2% and 10.0%, respectively!®. Accordingly,
diabetes increased the risk of developing CCA by
2.7-fold, and this magnitude of risk was consistent
with a reported odds ratio of 2.6 for developing CCA
among Korean individuals with diabetes™*®,

Taken together, our findings suggest that all of
the studied underlying comorbid diseases potentially
contribute to the risk of developing CCA in a Thai
population. Future studies to confirm these findings
and to determine the magnitude of the effect of these
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factors in a Thai population are warranted.

The major strength of this study is that our data
were obtained from the Nationwide Hospital Admission
Data (NHAD) registry, which is a database that
includes the hospitalization data of 73% of all Thai
citizens. As such, these findings most likely reflect an
overall characterization of this cancer in Thailand. This
study also has some mentionable limitations. First,
the annual incidence estimated in this study might
be underestimated due to the unique features of this
database. The database solely includes information
during hospitalization. Because data of patients seen
at outpatient departments were not available, this
could raise a concern that some patients, particularly
those with advanced stage CCA who were only seen at
outpatient departments and had never been admitted
to a hospital, might be missed. We admit that this is
possible; however, based on the current practice in
our country, most CCA patients require at least one
hospitalization, either for performing an investigation
for a definite diagnosis or for receiving treatment by
surgery, biliary drainage with palliative chemotherapy
or even the best supportive care. Thus, we believe
that the number of CCA patients who did not have
any hospitalization was not large, and this number did
not significantly affect the overall findings observed in
this study. Second, the diagnosis of CCA was made by
ICD codes that were obtained from hospital discharge
summary notes and without histopathological confir-
mation. Consequently, the actual number of CCA
patients during the study period could be higher than
the number presented here. However, the proportions
of CCA patients by region were consistent with the
rates reported in a previous study'. As a result, it is
likely that the different incidence rates among the 5
different regions are a valid finding. Another concern
was that the proportion of CCA patients in each region
shown in this study might not reflect the actual region
of residence of patients because some local people
might migrate to other regions; in particular, a portion
of Northeastern people migrate to work in Bangkok.
Thai people are covered by the national MWS only if
they visit their primary hospital, which is designated
by household registration. Patients who require
hospitalization are usually referred back to their
primary hospital. If necessary, the primary hospital
will further refer patients to the nearby secondary
or tertiary hospitals within the same region. Thus,
the effect of migration across regions had a minimal
impact on the proportion of patients in each region.
Data on hepatitis B/C infection, diabetes, smoking,
alcohol drinking, obesity, and metabolic syndrome
were not available in the discharge summary notes
of all participants, thus precluding us from estimating
the effect of these conditions on CCA risk. Similarly,
the prevalence of OV infection and the relationship
between OV infection and CCA incidence cannot be
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determined because the diagnosis of OV infection was
not available in the medical records. The diagnosis of
CCA was obtained from ICD codes, which group hilar
and distal CCA together as extrahepatic CCA; thus,
an analysis by CCA subtypes could not be performed.
Choledocholiathiasis, hepatolithiasis, choledochal
cysts, Caroli's syndrome and bile duct adenoma have
been shown to be associated with CCA™'¥. These
conditions were not included in the analysis because
this study aimed to explore the conditions that have
recently been proposed to be related to CCA and may
in part contribute to the increasing incidence of CCA
worldwide.

In summary, CCA-related incidence and mortality
among Thai patients vary by geographical region. Our
findings vyield indirect evidence that supports current
epidemiological data that suggests that diabetes,
cirrhosis, and chronic viral hepatitis B and C infection
are associated with an increased risk of developing
CCA. These conditions may be important factors
contributing to CCA in Thai individuals.

COMMENTS

Background

The incidence of cholangiocarcinoma (CCA) has been increasing for a few
decades for unclear reasons. Primary sclerosing cholangitis, liver fluke
infection, and conditions with chronic biliary tract inflammation are established
predisposing factors to CCA development. Accumulating evidence suggests
that cirrhosis, chronic viral hepatitis B/C infection and diabetes are associated
with CCA.

Research frontiers
The results of this study provide indirect evidence supporting the current
epidemiological knowledge about risk factors of CCA.

Innovations and breakthroughs

This study used the Nationwide Hospital Admission Data (NHAD) registry to
identify potential risk factors for CCA among 5 different regions of Thailand.
The two key findings were that the incidence of CCA varied geographically in
Thailand and that significantly more CCA patients had diabetes, cirrhosis, and
chronic viral hepatitis B/C infection than non-CCA participants.

Applications

This study suggests that diabetes, cirrhosis, and chronic viral hepatitis B and
C infection may contribute to CCA development in the Thai population. Further
study to confirm these associations and determine the magnitude of the impact
of these factors on cholangiocarcinoma development in the Thai population is
warranted.

Terminology

Cholangiocarcinoma is a cancer of the bile duct epithelium. CCA
can be categorized into 3 subtypes: intrahepatic, perihilar and distal
cholangiocarcinoma. Although the three subtypes share some common
features, each has its own characteristics, including genetic alterations,
presentation, treatment and prognosis. Obtaining a diagnosis of
cholangiocarcinoma using ICD codes precludes the analysis by subtypes
because the ICD codes group perihilar and distal cholangiocarcinoma together
as extrahepatic cholangiocarcinomas.
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Peer-review

This study addresses an important healthcare problem in Thailand. This is an
informative article about the risk factors of cholangiocarcinoma in Thailand
using a nationwide database. This study aimed to identify potential risk factors
of cholangiocarcinoma among 5 different regions of Thailand. The fact that
even in Thailand, diabetes, viral hepatitis B/C infection and cirrhosis are risk
factors of cholangiocarcinoma in a region where fluke infection is not endemic,
is interesting.
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Abstract

AIM

To investigate the expression of annexin A5 in serum
and tumor tissue of patients with colon cancer and to
analyze its clinical significance.

METHODS

Ninety-three patients with colon cancer treated at
our hospital between February 2013 and March
2016 were included in an observation group, and 40
healthy individuals were included in a control group.
Enzyme-linked immunosorbent assay was performed
to determine the serum level of annexin A5, while
immunohistochemistry was performed to determine the
expression of annexin A5 in cancer tissues.

RESULTS

The serum level of annexin A5 was 0.184 + 0.043 ng/mL
in the observation group, which was significantly higher
than that in the control group (P < 0.05). Annexin A5
expression was detected in 79.31% of the patients with
lymph node metastasis, which was significantly higher
than that in patients without lymph node metastasis (P
< 0.05). Moreover, annexin A5 expression was detected
in 86.96% of the patients with stage I to IV disease,
which was significantly higher than that in patients with
stage I to I disease (P < 0.05). The serum level of
annexin A5 was 0.215 + 0.044 ng/mL in patients whose
tumors were positive for annexin A5 expression, which
was significantly higher than that in patients whose
tumors were negative for annexin A5 expression (P <
0.05). The serum level of annexin A5 was correlated
with annexin A5 expression in colon cancer tissues (r
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= 0.312, P < 0.05). When a cutoff value of > 0.148
ng/mL for serum level of annexin A5 was used in the
diagnosis of colon cancer, the sensitivity was 83.90%,
and the specificity was 57.50%.

CONCLUSION

For patients with colon cancer, annexin A5 expression
in cancer tissues is related to lymph node metastasis
and tumor grade. Serum level of annexin A5 is related
to annexin A5 expression in cancer tissues and is of
diagnostic relevance.

Key words: Immunohistochemistry; Annexin A5; Colon
cancer; Serum

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: For patients with colon cancer, annexin A5
expression in cancer tissues is related to lymph node
metastasis and tumor grade. Serum level of annexin
A5 is related to annexin A5 expression in cancer tissues
and is of diagnostic relevance.

Sun CB, Zhao AY, Ji S, Han XQ, Sun ZC, Wang MC, Zheng
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patients with colon cancer and its clinical significance. World J
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INTRODUCTION

Colon cancer is a common malignancy of the digestive
tract. Studies have shown that the incidence of colon
cancer is = 0.005%'"! and that the incidence has
continued to trend upwards in recent years because of
risk factors such as diet and smoking™™ .

Basic cancer research has shown that changes in
the levels of certain molecules affect tumor cell proli-
feration and differentiation, which in turn affect the
development and progression of malignant tumorst.
Annexin A5, first isolated from human placenta, was
found to bind to phosphatidylserine in a calcium-
dependent manner®®, In the present study, 93
patients with colon cancer who were treated at our
hospital between February 2013 and March 2016 were
included to investigate the expression of annexin A5 in
serum and in cancer tissues, with an aim to investigate
its clinical significance.

MATERIALS AND METHODS

General information
Ninety-three patients with colon cancer (observation
group) who were treated at our hospital between
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February 2013 and March 2016 were included in
this study. The inclusion criteria were as follows: (1)
pathologically confirmed colon cancer; (2) complete
clinical and pathological data; and (3) being willing to
provide informed consent. The exclusion criterion was
incomplete clinical or pathological data. Forty healthy
individuals who underwent a routine health checkup at
our hospital were included as controls. No significant
difference was observed with respect to age or gender
between the two groups (Table 1).

Detection of serum level of annexin A5

A fasting venous blood sample was collected from
each subject in the morning and centrifuged at 10000
r/min to separate the serum, which was then stored
at -20 'C and tested within one week to determine the
annexin A5 level. The Roche automated biochemical
analyzer E170 module was used for testing, and
the assay kit was purchased from Shanghai Taikang
Biotechnology Co., Ltd. The assay was performed
according to the instructions given in the package
insert. Control serum or standard was included with
the kit.

Immunohistochemistry

Paraffin sections were deparaffinized, rehydrated, and
cut into 3 mm sections. The sections were incubated
in 3% H202 at room temperature for 5 min, rinsed
with deionized water (3 min x 3 times), blocked with
10% milk protein (1 g protein in 100 mL of purified
water), and incubated at room temperature for 5 min.
Next, the sections were incubated with a mouse anti-
annexin A5 antibody (Nanjing Biyuntian Biotechnology
Co., Ltd.) for 2 h at 37 C, followed by a PBS wash (5
min x 3 times). Then, the slides were incubated with
a horseradish peroxidase-labeled rabbit secondary
antibody (Roche) for 30 min at 37 C, followed by a
PBS wash (5 min x 3 times). After that, the slides
were incubated with NBT/BCIP reagent, which was
used to develop the reaction, for 5 min. Finally, the
sections were counterstained, dehydrated, cleared,
mounted, and observed under an OLIPICS microscope
(Shanghai Precision Instrument Co., Ltd). All the reg-
uired reagents were purchased from Nanjing Taikang
Biotechnology Co., Ltd.

Evaluation criteria for immunohistochemical staining
Immunohistochemical staining was considered positive
if yellow granules were present in the cytoplasm of
tumor cells or stromal cells. The staining intensity
was graded as follows: 0, no staining; 1, light yellow;
2, yellow; and 3, brown. The percentage of positive
cells was scored as follows: 0, < 5%; 1, 5% to 24%;
2, 25% to 50%; 3, 51% to 74%; and 4, and =
75%. The product of the staining intensity and the
percentage of positive cells was either < 2 (negative)
or = 2 (positive).
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Table 1 General information (mean + SD)

Group n M/F Age (yr)
Observation group 93 54/39 53.29 £ 9.49
Control group 40 27/13 52.17 £8.14
th’ 1.046 0.65

P value >0.05 >0.05

Table 2 Relationship between Annexin A5 and clinicopa-

thological features of patients with colon cancer 7 (%)

Clinicopathological feature n Positive 7 P value

Gender
M 54 31(57.41)  0.023 >0.05
E 39 23 (58.97)

Age, yr
= 55 47 29 (61.70)  0.516 >0.05
<50 46 25 (54.35)

Lymph node metastasis
Yes 29 23(79.31)  7.812 <0.05
No 64 31(48.44)

Tumor diameter (cm)
= b 51 29 (56.86)  0.067 >0.05
<5 42 25 (59.52)

Tumor stage
I toII 47 14 (29.79)  31.204 <0.05
I to IV 46 40 (86.96)

Table 3 Serum levels of Annexin A5 in the two groups (mean

+ SD, ng/mL)

Group n Annexin A5 t P value
Observation group 93 0.184+£0.043 2,904 <0.05
Control group 40 0.159 £ 0.051

Statistical analysis

SPSS v19.0 was used for statistical analyses. Mea-
surement data are expressed as mean £+ SD and were
analyzed by the t-test. Count data were analyzed by
the y° test. Spearman rank correlation analysis was
performed to analyze potential correlations between
variables. A receiver operating characteristic curve
was used to analyze the diagnostic value of serum
annexin A5 level. P < 0.05 was considered statistically
significant.

RESULTS

Annexin A5 expression in cancer tissue

No significant difference was observed in the positive
expression rates of annexin A5 among patients of
different ages or genders, or those with different
tumor diameters. Moreover, 79.31% of the patients
with lymph node metastasis expressed annexin A5,
which was significantly higher than the percentage of
patients without lymph node metastasis (P < 0.05);
86.96% of the patients with stage I to IV disease
expressed annexin A5, which was significantly higher
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than the percentage of patients with stagel to Il
disease (P < 0.05) (Table 2).

Serum levels of annexin A5 in the two groups

The serum level of annexin A5 was significantly higher
in the observation group than in the control group (P <
0.05) (Table 3).

Correlation between serum level of annexin A5 and
expression of annexin A5 in tumor tissue

The serum level of annexin A5 was 0.215 + 0.044
ng/mL in patients whose colon tumors were positive
for annexin A5 expression, which was significantly
higher than the corresponding value in patients whose
colon tumors were negative for annexin A5 (0.180
0.021 ng/mL) (t = 4.599, P < 0.05). A Spearman rank
correlation analysis showed that the serum level of
annexin A5 was related to the expression of annexin
A5 in tumor tissues (r = 0.312, P < 0.05).

Diagnostic value of serum level of annexin A5

The ROC curve for the serum level of annexin A5 in
the diagnosis of colon cancer showed an area under
the curve of 0.732 (P < 0.05). At a cutoff value of 0.148
ng/mL, the sensitivity was 83.90%, and the specificity
was 57.50% (Figure 1).

DISCUSSION

Changes in diet, excessive alcohol consumption, and
genetic susceptibility factors promote the development
and progression of colon cancer. In particular, among
elderly male smokers aged 45 or older, the incidence
of colon cancer is 0.005% or higher and has continued
to trend upwards in recent yearst’®l. For colon cancer,
the incidence of early metastasis is high, which results
in poor patient outcomes: the five years survival rate is
< 35%, and the median survival time is < 32 mo®**,
Studies on the genetic and biological mechanisms of
the development and progression of colon cancer may
provide new targets for immune therapy or strategies of
comprehensive biological therapy for colon cancer*>**,
Molecular changes play an important regulatory role
in the development of malignant tumors. Cell surface
Connexins or membrane proteins can induce the trans-
cription initiation activity of downstream oncogenes,
which promotes aberrant activation of the cell cycle in
colonic epithelial cells and leads to excessive proliferation
of cancer cells™*. Accumulating experimental data
indicate that phosphatidylserine exposition is associated
with apoptosis and other cell death programs!*>*”, which
renders it an attractive target in imaging overall cell
death. Annexin A5 is identified in blood vessel as a blood
anticoagulation factor and it builds voltage-dependent
calcium channel in phosphatidylserine bilayers™®*!,
Corsten et al*® showed that through binding with strong
affinity to phosphatidylserine, annexin A5 offers an
interesting opportunity for visualization of aggregate
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Figure 1 Receiver operating characteristic curve for the value of serum
level of annexin A5 in the diagnosis of colon cancer.

cell death®®??, thus providing a fit benchmark for in
vivo monitoring of anticancer treatment®2, Recently,
annexin A5 has been reported as a new mediator
of cisplatin-induced apoptosis by inducing voltage-
dependent anion channel oligomerization in human
kidney epithelial cells®® %, Annexin A5 forms N6-
acetyllysine at specific positions of the amino-terminal
region of the membrane protein, and as a result, it
affects the formation of a transcriptional co-inhibitory
complex and participates in transcriptional repression
and silencing of tumor suppressor genes via H1
phosphorylation®>%, Previous studies have investigated
the relationship between annexin A5 and liver cancer
or esophageal cancer and showed that uH2B-related
monotone generalization increased the risk of malignant
digestive tumors and promoted clinical progression®>*,
This study explored not only the expression of uH2B in
colon cancer tissue but also the diagnostic value of its
serum level in the diagnosis of colon cancer.

In this study, immunohistochemical staining showed
significantly high expression of annexin A5 in colon
cancer tissue and demonstrated that the positive
expression rate of annexin A5 was significantly higher
in patients with lymph node metastasis than in those
without. This suggests that annexin A5 may play a role
in the promotion of the invasion of lymph nodes by
colon cancer cells. Furthermore, approximately 80%
of the patients with late-stage (I and IV) colon cancer
expressed annexin A5, which was significantly higher
than the percentage of patients with stagel or I
disease, which suggests that annexin A5 significantly
promotes the clinical progression and worsening of
colon cancer. Annexin A5 induces the activation of
second messengers in cancer cells, which promotes
the production of cancer cell differentiation antigens,
the proliferation and differentiation of colon cancer
cells, and clinical progression.

In conclusion, annexin A5 is highly expressed in
serum and tumor tissues of patients with colon cancer,
and its expression is closely related to the clinical stage
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and presence of lymph node metastasis in patients
with colon cancer. Nevertheless, this study has certain
limitations. For instance, we did not investigate the
relationship between the expression of annexin A5 and
the long-term survival of patients with colon cancer.
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Abstract

Fecal microbiota transplantation (FMT) is effective
in recurrent Clostridium difficile infection (rCDI).
Knowledge of the safety and efficacy of FMT treatment
in immune deficient patients is scarce. FMT has been
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suggested as a potential method for an increasing
number of new indications besides rCDI. Among our
FMT-treated rCDI patients, we reviewed those with
major comorbidities: two human immunodeficiency
virus patients, six haemodialysis patients, two kidney
transplant patients, two liver transplant patients
and a patient with chronic lymphatic leukaemia. We
also reviewed those treated with FMT for indications
other than rCDI: Sa/monella carriage (two patients),
trimethylaminuria (two patients), small intestinal
bacterial overgrowth (SIBO; one patient), and
lymphocytic colitis (one patient), as well as a common
variable immunodeficiency patient with chronic
norovirus infection and ESBL-producing £scherichia
coli (E. coli) carriage. Of the thirteen rCDI patients
treated with FMT, eleven cleared the CDI. The observed
adverse events were not directly attributable to FMT.
Concerning the special indications, both Sa/monellas
and ESBL-producing £. col/i were eradicated. One
trimethylaminuria patient and one SIBO-patient
reported a reduction of symptoms. Three patients did
not experience a benefit from FMT: chronic norovirus,
lymphocytic colitis and the other fish malodour
syndrome. There were no reported side effects in
this group. FMT appeared to be safe and effective for
immunocompromised patients with rCDI. FMT showed
promise for the eradication of antibiotic-resistant
bacteria, but further research is warranted.

Key words: Faecal microbiota transplantation; Antibiotic
resistance; Clostridium difficile infection; Microbiota;
Immunodeficiency; Sa/monella infection

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Knowledge of faecal microbiota transplantation
(FMT) in immunocompromised patients and patients
with conditions other than recurrent Clostridium
difficife infection (rCDI) is scarce. We reviewed 13 FMT-
treated patients with rCDI and major comorbidities as
well as 8 patients with new indications. In our cohort,
FMT appeared to be safe and effective for immuno-
compromised patients: dialysis patients, human immu-
nodeficiency virus patients, solid organ transplant
patients and a patient with chronic lymphatic leuka-
emia. Of the patients treated for indications other
than rCDI, the most promising results were successful
eradication of antibiotic-resistant bacteria. Eradication
of chronic Sa/monella carriage in two patients with FMT
represents the first cases reported to date.
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INTRODUCTION

The intestinal microbiota is an area of active research.
Knowledge of the human microbiota has been accu-
mulating rapidly in recent years. The gut bacteria
was previously regarded as passive or harmful waste,
but the intestinal microbiota is currently respected
as a well-orchestrated organism with an active role
in the development of immunity and maintenance of
health™ ™.

Microbial imbalance, dysbiosis, is suggested to
play a role in many different diseases. The microbiota
holds many expectations as a new treatment target.
Faecal microbiota transplantation (FMT) is a straight-
forward way to change the microbial composition of the
intestine™™. FMT has been shown to induce profound
and long-lasting changes in the microbiota, offering
a means to modify the gut microbiota relatively per-
manently for the treatment of microbiota-associated
diseases®.

FMT has become a widely accepted treatment
for recurrent Clostridium difficile infection (rCDI)®®,
We, among others, have shown that FMT through
colonoscopy is an effective treatment for rCDI™.
Experience in many centres has shown that FMT is
also safe when performed to a high standard™ .,

The risk of adverse events of FMT is low in well
performed studies™. Rigorous screening of the donor
is mandatory. Without proper screening, there is a
possibility of transmitting infectious diseases and
a possibility of transmitting conditions that FMT is
suspected to ameliorate, such as obesity"**.

All FMT should be performed at a health care unit
by professionals who are familiar with the procedure!*,
FMT is currently indicated only for rCDI'*?\. If FMT is
used for other indications, then patients should be
carefully evaluated, and the results, whether positive
or negative, should be reported. Our group has treated
a few patients with conditions other than rCDI and
outside of on-going study programmes. Such cases
have been evaluated carefully on an individual basis
by a gastroenterologist, an infectious disease specialist
and a microbiologist.

Although FMT has been effective and generally
safe in published studies, data concerning FMT in
certain special groups are scarce!®. More information
is needed regarding the safety of FMT in immuno-
suppressed and other special groups such as patients
undergoing haemodialysis™®. In our FMT-treated
patients, we gathered information on patients with
significant comorbidities, such as immune-deficient
patients, patients with an organ transplant and hae-
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modialysis patients.

CASE REPORT

Study design

Of the patients treated with FMT in Helsinki University
Hospital, we searched for those treated for rCDI
and having major comorbidities and those treated
for indications other than rCDI. We included dialysis
patients and patients with known immune deficiencies
in the rCDI group; human immunodeficiency virus
(HIV), organ transplant or hematologic disease. We
found 13 patients with rCDI and major comorbidities
and 8 patients with conditions other than rCDI. We
review the patient histories, the outcomes and adverse
events of each patient.

Ethical aspects

Since FMT policy and legislation differ from country
to country™’*® we consulted the Finnish Medicines
Agency (Fimea), which is the national competent
authority for regulating pharmaceuticals and blood
and tissue products. Fimea noted that stool does not
fall under the category of pharmaceuticals and did
not consider it relevant to the establishment of new
regulations specifically for FMT. In Finland, FMT studies
do not require approval of the drug authority Fimea.

In Finland, FMT may be used by doctors based on
their own judgement. We recommend that clinicians
using FMT follow international guidelines!>*?!, FMT is
indicated for rCDI treatment; for other indications, it
should be used only in a clinical trial setting.

FMT protocol

Some of the patients described in this article have
been treated with stool from a donor familiar to them.
Most of the described patients have been treated
with stool from a universal donor - frozen and thawed
stool from our local faecal bank. The faecal banking
protocol is described in detail in our previous article!’.
Briefly, faecal material from a healthy donor is mixed
with saline and glycerol and frozen at -80 'C. In some
cases, we used the faecal suspension stored at -20 C,
which did not seem to affect the results or safety of
FMT. The frozen suspension is thawed a few hours
before FMT and collected into two 100-mL syringes.
When necessary, the suspension is passed through a
pre-sterilized, stainless steel tea strainer to remove
larger particles.

Donor screening was performed as described in
detail by Mattila et a/'® and Satokari et al''®. Briefly,
the donors were screened for hepatitis C and B, HIV,
Treponema pallidum and common enteric pathogens.
The donor was required to lack antibiotics for the
previous six months and to present no gastrointestinal
symptoms.

The preferred route of administration of FMT
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in our practice is colonoscopy. The suspension is
administered into the cecum and ascending colon.
Preceding the colonoscopy, the patients undergo bowel
lavage by polyethylene glycol solution (between 3-5 L).
The patients with rCDI underwent pre-treatment with
vancomycin or metronidazole, and the treatment was
stopped 36 h before the FMT. In some special cases,
we administered FMT during gastroscopy, injecting the
suspension into the duodenum as distally as possible.

Although FMT has become the routine treatment
after two relapses for CDI in our hospital, the decision
to assess FMT in immunosuppressed patients and
in special indications is based on a very thorough
consideration, especially of safety concerns, by gast-
roenterologist, specialist of infectious diseases and
microbiologist with FMT experience.

Thirteen patients treated with FMT for rCDI and having
significant comorbidities

In this article, we report the results of thirteen patients
with major comorbidities who underwent rCDI and
were treated with FMT (Table 1). Two of the patients
had HIV, six were haemodialysis patients, two had a
kidney transplant, two had a liver transplant and one
had chronic lymphatic leukaemia (CLL).

Eleven of the thirteen rCDI patients (85%) treated
with FMT successfully cleared the CDI. Six of the
patients had major adverse events, of which two died
at 2 and 5 mo post-FMT; however, these events were
not directly attributable to FMT. A detailed description
of each patient is published online as a supplement.

Eight patients treated with FMT and not having rCDI
Eight patients received FMT as an experimental form of
treatment for various special indications. The patients
and outcomes are compiled in Table 2 and described in
detail below.

A carrier of salmonella #1

A 17-year-old male was found to be a carrier of
Salmonella in a routine check-up on the 1% of Septe-
mber 2015. He had not had previous GI symptoms.
According to Finnish health authority instructions,
a Salmonella-positive person may not work in food
processing. The patient was about to start his studies
to become a cook and Salmonella was delaying his
plans.

The Salmonella strain was resistant to doxycycline
and ciprofloxacin. He had a mild knee symptom that
was thought to be reactive arthritis. Ciprofloxacin was
administered briefly and stopped as the sensitivity
results of the Salmonella became apparent. He was
receiving tetracycline for acne since the 18" of August,
which was stopped on the 26™ of October. In October,
faecal salmonella was negative twice, but it was
positive again on the 16™ of November.

A 2-wk course of i.v. ceftriaxone was considered an
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Table 1 The results of fecal microbiota transplantation treatments of thirteen patients with different comorbidities and Clostridium

difficife infection

Patient characteristics

Medical history Post FMT situation Adverse events in 1 mo

10

A patient with HIV,
ulcerative colitis and
rCDI

A patient with HIV,
alcoholism and rCDI

A Haemodialysis patient
with rCDI #1

A Haemodialysis patient
with rCDI #2

A Haemodialysis patient
with rCDI #3

A Haemodialysis patient
with rCDI #4

A Haemodialysis patient
with rCDI #5

A Haemodialysis patient
with rCDI #6

A Kidney transplant
patient with rCDI #1

A Kidney transplant
patient with rCDI #2

A Liver transplant patient
with rCDI

A Patient with a
liver transplant,
renal insufficiency,
haemodialysis and rCDI
A Patient with chronic
lymphatic leukaemia,
chronic norovirus
infection and rCDI

28-year-old male with HIV, antiviral No further relapses No
medication and virus undetectable, previous Two months after diarrhoea recurred at
suspicion of ulcerative colitis. Recurrent the same time with mild alcohol associated
diarrhoea with C. difficile positivity, slow  pancreatitis. In colonoscopy final diagnosis of
response to vancomycin. ulcerative colitis was made. C. difficile remained
negative.
59-year-old female, depression, continuous No further relapses No
heavy smoking and consumption of alcohol. Diarrheal continued due to exocrine
HIV and antiviral therapy. rCDI after pancreatic insufficiency and excessive alcohol
antibiotic treatment for respiratory infection. consumption
5 mo after FMT C. difficile reinfection treated
with vancomycin and fidaxomicin
60-year-old female, rheumatoid arthritis and No further relapses. No
in haemodialysis due to amyloidosis. Chronic ~ Half a year after FMT Enterococcus faecalis
atrial fibrillation, polypectomies of rectum sepsis and an epidural abscess.
adenomas. Had Enterococcus sepsis 2012.
19-year-old female, haemodialysis due No further relapses. No
to Goodpasture syndrome complicated
with pulmonary haemorrhage.
Immunosuppressive therapy.
77-year-old male, haemodialysis after renal No further relapses. One week after

carcinoma operation, diabetes II and COPD.
Pseudomonas septicaemia followed by rCDI.

One week after FMT hospitalized due to
generalized enema and possible cystitis.
Two months after FMT hospitalized due to

hospitalized due to enema
and cystitis

gastroenteritis, faecal clostridium was negative.

80-year-old male. Haemodialysis because of No further relapses. No
chronic glomerulonephritis, type II diabetes, Staphylococcus aureus sepsis 5 mo after the FMT.
hypertension, epilepsy, AV-block and a pace
maker. Staphylococcus aureus septicaemia
followed by rCDI.
66-year-old male, haemodialysis due to No further relapses No

microscopic polyangiitis. Chronic atrial
fibrillation.
79-year-old female. Hypertension,
dyslipidaemia, atrophic gastritis. TIA 2004
and 2005, a pace maker due to bifascicular

2 wk after FMT reinfection after an antibiotic
treatment of cystitis. No further FMT's due to
poor general condition.

Patient died 2 mo after FMT to underlying
diseases

2 wk after C. difficile
reinfection

block. Coronary disease. Haemodialysis due
to an episode of rhabdomyolysis.
78-year-old female. Kidney transplant

No further relapses Gastroenteritis 3 d after

due to polycystic renal disease. Polycystic 3 d after EMT gastroenteritis, Clostridium was ~ FMT Hospitalized 12 d
liver, type II diabetes, hypertension and not tested. Restarted vancomycin for 2 d. after FMT
asthma. Operated for cholecystectomy and 12 d after FMT the patient was hospitalized
hysterectomy. E. coli sepsis and one month due to infection, CT scan did not reveal the
after another infectious episode treated with aetiology.
meropenem followed by severe rCDI.
61-year-old female. A kidney transplant No further relapses No
due to polycystic renal disease. rCDI after
clindamycin for dental infection.
56-year-old female. Liver transplant due to No further relapses No
mushroom intoxication, a moderate renal
failure.
69-year-old male. Liver transplantation No further relapses No

due to alcohol cirrhosis, followed by renal
insufficiency and haemodialysis.
65-year-old female. Chronic lymphatic No primary complications CDI and norovirus related
Hospitalized 2 wk after FMT due to diarrhoea.
cell transplantation in 2003. Cytostatic Both norovirus and Clostridium difficile stayed
interventions from 2009-2011, after which positive in stool samples.
she had prolonged pancytopenia, infections Patient died in August 2012, 5 mo after FMT for
complications of her haematological disease.

leukaemia since 1996. Autologous stem diarrhoea continued.

and hypogammaglobinaemia. In summer

2011, she had chronic norovirus infection and

recurrent CDI, several vancomycin courses
and gammaglobulin infusions. March 2012
FEMT

FMT: Fecal microbiota transplantation; HIV: Human immunodeficiency virus; rCDI: Recurrent Clostridium difficile infection; C. difficile: Clostridium difficile; E.
coli: Escherichia coli.

JRaishideng®

WJG | www.wjgnet.com

7177 October 21,2017 | Volume 23 | Issue 39 |



Lahtinen P et a/. Fecal microbiota transplantation in special situations

Table 2 The results of fecal microbiota transplantation treatments of eight patients with different new indications

Patient and diagnosis Age at 1* FMT and gender Route of administration Outcome FMT related
complications
1 A carrier of 17-year-old male Colonoscopy Successful eradication of Salmonella No
Salmonella #1
2 A carrier of 52-year-old female Colonoscopy Successful eradication of Salmonella No
Salmonella #2
3 A patient with 24-year-old male Gastroscopy Moderate self-reported benefit up to 6 mo, at 12 No
TMAU #1 mo symptoms had recurred to former severity
4 A patient with 49-year-old female Gastroscopy No change in self-reported symptom severity No
TMAU #2
5 A patient with SIBO 66-year-old male Gastroscopy Self-reported decrease in symptom severity No
(treated 3 times using 2 donors)
6 A patient with 21-year-old female Colonoscopy Two week decrease in self-reported symptoms, No
lymphocytic colitis then recurrence of symptoms to former severity
7 A carrier of 32-year-old female Colonoscopy No change in self-reported symptom severity, no No
norovirus success in virus eradication
8 A carrier of ESBL- 31-year-old female Colonoscopy Successful eradication of ESBL-producing E. coli No

producing

FMT: Fecal microbiota transplantation; TMAU: Trimethylaminuria; SIBO: Small intestinal bacterial overgrowth; E. coli: Escherichia coli.

option, but the patient did not accept this treatment
due to his needle phobia. A two-week course of
trimethoprim -sulfadiazine 160 mg/500 mg 1 x 2 per
orally was started on the 26™ of November since the
Salmonella strain was found to be sensitive. Unfor-
tunately, the faecal Salmonella test was still positive
after this treatment.

On the 29" of January 2016, the patient was
given FMT as described in detail in the FMT protocol
section. Preceding the FMT, he received a 5-d course of
ceftriaxone 2 g x 1 i.m. The colonoscopy findings were
normal, as well as the histology of routine biopsies.
There were no complications during the procedure,
but the patient fainted soon afterward, which might
have been caused in part by the pain and anxiety-
relieving medications used during the colonoscopy. He
recovered rapidly.

An upper abdomen ultrasound was performed and
did not reveal any gallstones. Gallstones are a known
risk factor for resistant Sa/monella.

On the 9™ of February - less than two weeks after
FMT - the stool test was salmonella-positive and the
treatment was considered a failure at first. However,
the subsequent three tests (the 2™, the 8" and the 11"
of May) were all negative. According to the instructions
of Finnish health authorities, the patient is conside-
red free from Salmonella after having three negative
samples in a row, and our patient could continue his
studies.

There were no reported side effects of the FMT
treatment. We consider it likely that the transplanted
new gut microbiota played a role in the eradication of
Salmonella, although we cannot exclude the possibility
that the Salmonella would have been eradicated
spontaneously.

A carrier of salmonella #2
A 52-year-old woman had Salmonella enteritis in
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March 2016. Her symptoms ceased, but she remained
a chronic carrier. She had been treated with courses
of trimethoprim-sulphadiatzine and amoxicillin. She
had also undergone a two-week course of intravenous
ceftriaxone, but the Salmonella culture remained
positive. The bacterial strain was resistant to ciproflo-
xacin. She was on sick leave during this time because
of her work in food production. FMT treatment was
administered through colonoscopy on the 17" of
November 2016. Prior to FMT, a course of ceftriaxone
2 g1l x1i.v. was administered for six days. The
three subsequent faecal tests after FMT (the 2™, 12"
and 19" of December 2016) for Salmonella were all
negative, and she could return to work. No side effects
were observed.

The rationale for treating salmonella carriage with FM'T
The prevalence of chronic Salmonella carriage is
estimated to be 2%-5% in endemic areas. Symp-
tomless carriage of Salmonella, especially of indivi-
duals working in food production, is considered to be
the main route of distribution of the disease among
people. Furthermore, persistent carriage of Salmonella
is associated with gallstones. Fluoroquinolones are the
drug of choice for the treatment of chronic carriage of
Salmonella®®, but strains that are resistant to ciprof-
loxacin pose a special challenge.

In animal models, Salmonella carriage is associated
with changes in the intestinal microbiota. It is
not known whether people with Salmonella carriage
possess alterations of the gut microbiota. To the best
of our knowledge, there are no reported cases of
eradication of Salmonella with FMT. FMT has been
shown to reduce antibiotic resistance genes in the gut
microbiota'*>**, FMT has shown potential in eradicating
faecal carriage of different multidrug-resistant bacteria
in case reports®®’. Therefore, changing or diversifying
the intestinal microbiota through FMT is a promising
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new option to eradicate chronic Salmonella in cases
where antibiotics have failed.

A patient with trimethylaminuria (fish malodour
syndrome, TVAU) #1

A 24-year-old male had been diagnosed with fish
malodour syndrome (trimethylaminuria, TMAU) two
years earlier, but the symptoms had started at the age
of 16 years. Choline loading resulted in a TMA/TMA-
n-oxide-ratio of 0.43 mg/mmol creatinine (reference
range 0.05-0.21). He had a severe odour problem,
especially when sweating. He had been treated with
riboflavin and activated charcoal without effect. A
choline restricted diet and occasional two-week courses
of metronidazole followed by lactobacilli treatment
had a slight positive effect. Copper chlorophyllin was
prescribed, but he did not initiate the treatment.
After metronidazole pre-treatment, he was given
experimental FMT through gastroscopy on the first
of December 2015. Six weeks after FMT, he reported
a slight reduction of the odour. Six months after the
treatment, he reported fewer odour problems, but
after one year, the malodour had returned to its former
severity. He did not report any side effects.

A patient with TUAU #2

A 49-year-old female with TMAU. Odour problems
started at the age of 12 when menstruation began.
The odour problem was at its worst 7-10 d post-
ovulation. The diagnosis was confirmed based on the
urine TMA-oxide and TMA ratio. TMA-oxide was 59.1
mg/mmol creatinine (reference 17-147), and TMA was
16.5 mg/mmol creatinine (reference 2.5-10.8) ratio
0.28 (reference 0.05-0.21).

She was in the perimenopausal phase with hot
flashes and excess paroxysmal sweating, causing the
odour problem to worsen, but it was partly in control
with hormonal treatment. Two-week metronidazole
courses only helped temporarily. She had used a strict
choline-restricted diet, vitamin B2 and high doses of
lactobacilli. Copper chlorophyllin and activated charcoal
had been ineffective. She had previously subjectively
felt less of an odour problem for a few weeks after
bowel cleansing for colonoscopy. FMT was given as an
experimental therapy though colonoscopy. As a pre-
treatment, the patient was prescribed metronidazole
400 mg three times per day for 7 d to facilitate eng-
raftment of the donor’s microbiota. Metronidazole was
stopped 36 h prior to FMT. No relief of the malodour
was achieved after FMT.

The rationale for treating fish malodour syndrome with
FMT

Trimethylaminuria (TMAU) is a condition in which body
odour resembles that of a dead fish. In TMAU, trimeth-
ylamine (TMA) accumulates in the body. Primary
trimethylaminuria is genetic and caused by an inability
to convert the fish smelling TMA into non-odorous
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trimethylamine-N-oxide (TMAO) in the liver due to a
deficiency of the hepatic microsomal flavin-containing
monooxygenase (FMO3). Secondary TMAU is defined
as an accumulation of TMA without inherited FMO3
deficiency. The aetiology of secondary TMAU is not fully
known. One causal factor may be the gut microbiota,
which can produce TMA through the metabolism of
certain food compounds such as TMAO and choline®®.
Thus, altering TMA metabolism may be possible
through manipulating the intestinal microbiota. To our
knowledge, there are no previous reported cases of
TMAU treated with FMT.

A choline-restricted diet and copper chlorophyllin
are the recommended treatments for TMAU™®, Some
patients experience partial relief for symptoms by
using antibiotics followed by high doses of lactobacilli,
riboflavin or charcoal tablets. Our hypothesis is that
TMAU can be ameliorated by manipulating the gut
microbiota through FMT. Some short-term positive
effects were achieved in one patient, but the bacterial
spectrum of the present single FMT did not seem to
be effective for the treatment of TMAU. More data
concerning the effect of FMT on TMAU are needed.

A patient with small intestinal bacterial overgrowth

The patient was 66 years old in January 2015 when
he received his first FMT. He had colectomy and ileal
pouch-anal anastomosis (IPAA) surgery in 2008 for
ulcerative colitis and adenocarcinoma of the caecum.
He had experienced bloating and flatulence during his
adult life, but it had become worse since IPAA. He had
bowel movements on average 6 times per day.

Endoscopic examination of the pouch showed no
inflammation. On the small bowel passage X-ray, there
was a small bowel dilatation of 10 cm on the left side
of the abdomen. Small bowel MRI did not show an
indication for surgery.

Before FMT, the patient underwent several treat-
ments with inadequate results. He was treated with
dietary changes and dimethicone to decrease bloating
and flatulence. A probiotic - Escherichia coli (E. coli)
Nissle up to 2 x 2 capsules (2.5 x 10°-25 x 10° CFU/
capsule) was administered to remediate dysbiosis.
Antibiotics were given to decrease small intestinal
bacterial overgrowth (SIBO). He received a course
of metronidazole and two courses of rifaximin 200
mg 1 x 4, with one course lasting two weeks and the
other four weeks with a tapering dosage. He reported
a slight benefit from all of these treatments, but
continued to suffer from flatulence and bloating.

On the 20™ of January 2015, the patient received
FMT via gastroscopy as an experimental treatment.
For this treatment, 200 mL of the frozen and thawed
faecal material was infused through a gastroscope
deep into the descending duodenum. Biopsies were
obtained via gastroscopy and revealed Helicobacter-
negative atrophic gastritis.

Six weeks after FMT, the patient reported that his
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symptoms and bowel movements decreased 50% and
that the scent of his flatus was milder. The patient was
considered to have reached a partial response and was
scheduled for a new FMT.

The second FMT via gastroscopy was performed on
the 2™ of October using the stool of the same donor as
in the first FMT. This time, macrogol bowel preparation
was used. The patient reported some benefit from
the second treatment, but since disturbing flatulence
continued, a third FMT was scheduled with a one-week
course of per oral penicillin pre-treatment because
the patient had previously experienced relief of his
symptoms when using penicillin for a dental infection.

The third FMT via gastroscopy was performed on
the 29™ of January 2016. The transplant was from
another donor who was an unfamiliar, tested and
generally healthy person, whose stool was frozen
and thawed on the day of the transplantation. The
last contact with the patient was on the 21" of
June 2016, j.e., five months after the third FMT. He
reported having fewer symptoms, but some flatulence
persisted, though with a milder scent than previously.

The patient was considered to have gained a partial
response to his SIBO symptoms from these three FMT
treatments.

The rationale for treating SIBO with FMT

A SIBO is defined as an increase in the number or
alterations of the type of bacteria in the small bowel.
It may be associated with several features, such
as alterations of the small bowel anatomy, motility,
and immunity, among others. Alterations of the gut
microbiota are associated with SIBO by definition.
SIBO causes bloating and diarrhoea. Malabsorption,
malnutrition and weight loss may also be present.
SIBO can most accurately be diagnosed with jejunal
aspirate, but this is not widely used due to the
invasiveness of the procedure®”. Hydrogen or meth-
ane breath tests are used more widely, but in many
centres, including our own, these tests are not in
clinical use. We diagnose SIBO clinically based on
symptoms and signs. Our SIBO patient had an altered
GI anatomy due to a J-pouch and altered immunity
due to ulcerative colitis. He received three FMTs
through gastroscopy and reported reduced symptoms.
For a more objective evaluation of the FMT effect on
SIBO, hydrogen breath tests before and after the
treatments would have been valuable. More research
on the effect of FMT on SIBO is warranted.

A patient with lymphocytic colitis

A female patient who was diagnosed with microscopic
colitis in 2013 at the age of 18 had diarrhoea up to
20 times per day. Faecal calprotectin was consta-
ntly negative. She had an inadequate response to
medications - mesalamine 2.4 mg/d, budesonide 9
mg/d for two months, loperamide or fibres. She had
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tried various diets to relieve the symptoms. The patient
wished to be treated with FMT. For her case, there were
no on-going scientific study protocols to follow.

After repeated requests from the patient and
with no other rational treatment options available,
FMT through colonoscopy was administered as an
experimental treatment on the 21* of June 2016.

In the follow-up telephone conversation on the
7" of July, the patient reported to have gained a
benefit from the procedure for two weeks, after which
the diarrhoea recurred as before. The outcome was
considered negative and no further transplants were
given.

The rationale for treating lymphocytic colitis with FMT
Lymphocytic colitis is a subtype of microscopic colitis. It
is a cause of diarrhoea that is more common in elderly
people, but it may even affect children. Microscopic
colitis may be associated with an altered gut
microbiota. In a small study, patients with microscopic
colitis had a decrease in Akkermansia species
compared with the healthy controls. Akkermansia is
considered to have a protective effect on the intestinal
epithelium™®®!, Our patient with lymphocytic colitis
was treated once with FMT through colonoscopy.
She experienced short-term (two weeks) relief of her
symptoms, after which the symptoms recurred. The
outcome was considered negative. In possible future
studies, it might be worth considering a recurrent
treatment-protocol with FMT, which has shown some
promising results in IBD patients®**"! and in a single
case of collagenous colitis™®, as well as pre-treatment
with antibiotics prior to FMT, which may facilitate
engraftment of the donor “s microbiota™’.

A carrier of norovirus

A 32-year-old woman was treated with FMT for being a
chronic carrier of norovirus. As a long-term diagnosis,
she had common variable immunodeficiency (CVI),
coeliac disease and osteoporosis. She had chronic
diarrhoea since 2009, malabsorption since 2012 and
partial parenteral nutrition since March 2015. Her
norovirus infection was diagnosed in September 2013.
Previously, she did not have acute gastroenteritis.
Several medications for her norovirus infection had
been attempted without success: interferon alfa,
interferon with ribavirin and nitazoxsanide.

FMT was administered in March 2016 through
gastroscopy. She was susceptible to bacterial infections
due to CVI and bronchiectasis. She had received
trimethoprim -sulfamethoxazole as a long-term pro-
phylactic treatment, which was ceased 36 h before
FMT. Bowel lavage was not administered prior to FMT.
Routine biopsies of the gastroscopy revealed partial
villus atrophy.

After FMT, the symptoms of the patient remained
unchanged, with four to six bowel movements per day.
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Faecal norovirus remained positive. Thus, the patient
did not benefit from the experimental FMT treatment.
No side effects related to the FMT were observed.

Rationale for treating chronic norovirus infection with
FMT

Approximately 5% of CVI patients have enteropathy.
In some case reports, chronic norovirus infection has
been the cause of CVI-associated enteropathy, and
eradication of the virus has cured the symptoms. It
has even been hypothesized that chronic norovirus
could be a key player in most of these cases®®.,

It is suspected that the gut microbiota plays a role
in regulating norovirus infection and its pathogenesis™",
and the relationship between the gut bacteria and
norovirus infection is undergoing active analysis using
murine models. We did not find any published cases of
chronic norovirus or CVI enteropathy treated with FMT,
and to our knowledge, the patient presented herein is
the first reported case.

A carrier of ESBL-producing E. coli

A 31-year-old female patient with asthma was a
carrier of the multidrug-resistant E. coli-extended
spectrum beta-lactamase producing strain (ESBL). She
had received pyelophritis caused by ESBL-producing
E. coli two times, in October 2015 and June 2016.
Both episodes of pyelonephritis had been treated with
intravenous ertapenem. The duration of the second
ertapenem treatment was ten days.

She had studied scientific literature concerning
ESBL and E. coli virulence factors. After her second
pyelonephritis, a consultant infectious disease specialist
recommended ESBL eradication with FMT. Prior to FMT,
faecal cultures for ESBL-producing E. coli were collected
five times between August 2016 and February 2017.
All the cultures were positive with ESBL-producing E.
coli.

The E. coli strain was resistant to amoxicillin-
clavulanic acid, ampicillin, cephalexin, ceftriaxone,
cefuroxime, levofloxacin and trimethoprim-sulfam-
ethoxazole, susceptible to ertapenem, meropenem,
tobramycin, fosfomycin and nitrofurantoin and showed
intermediate susceptibility to ceftazidime and piper-
acillin-tazobactam.

The patient was hospitalized for meningitis in
November 2016. She was treated with ceftriaxone and
acyclovir. The meningitis was shown to be caused by
an enterovirus. She recovered fully, but the episode
delayed her FMT treatment.

FMT was performed via colonoscopy on the 31% of
January 2017. The endoscopic finding was normal, as
were the routine biopsies. Six weeks later, on the 20"
of March, the faecal culture of ESBL-producing E. coli
was negative. The patient had symptoms of cystitis,
and the urine test showed elevated leukocytes and
E. coli, but this time they were susceptible to all the
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tested antibiotics. She was treated with a two and a
half day course of nitrofurantoin 75 mg twice a day.

The rationale for treating ESBL-producing E. coli
carriage with FMT

Antibiotic resistance is an emerging global health
problem. One of the most common and clinically rele-
vant types of antibiotic-resistant bacteria are the ESBL-
producing enterobacteria, especially E. coli, which
occurs worldwide™!. Antibiotic resistance is largely
caused by excessive use of wide spectrum antibiotics.
We, among other authors, have reported the reduction
of antibiotic resistance genes in the intestinal micro-
biome of patients with rCDI after FMT?>#,

FMT has been successfully used for the eradication
of ESBL-producing E. coli and other multidrug-
resistant bacteria in a small humber of published case
reports™®>®, Clinical use of FMT for eradicating resistant
bacteria requires further study in larger groups of
patients.

DISCUSSION

We report the results obtained for 21 FMT-treated
patients; thirteen of the patients had rCDI with a
significant underlying comorbidity, and eight of the
patients had a condition other than rCDI. The 21
reviewed patients consisted of a heterogeneous group
with many comorbidities. This establishes a limitation
to our study; definitive conclusions cannot be drawn
for the patients as a group. The strength of our study
is that we review real life patients who are often
excluded from studies due to their comorbidities.

There remains a paucity of data about FMT treat-
ments of patients with different comorbidities. In
particular, immunocompromised patients have been
excluded from many studies due to the suspected
risk of infectious complications. Published data from
case series to date suggest that FMT is acceptably
safe and effective, even for immunocompromised
patientst*%3,

Of our thirteen patients with rCDI, Clostridium
difficile (C. difficile) was successfully eradicated from
eleven patients. Of those eleven, a patient with HIV
and alcoholism experienced reinfection four months
after FMT. One patient had gastroenteritis symptoms
three days after the FMT and took vancomycin for two
days without consulting a doctor. Faecal C. difficile was
not tested. Her CDI relapses before FMT had been
severe. There were no relapses of CDI documented
over 8 mo of follow-up, and thus the outcome was
considered positive. Two patients experienced a
relapse, of which one had received antibiotics less than
a week after FMT.

At one month of follow-up after FMT, two of the
thirteen rCDI patients had relapsed. Two of the
patients were hospitalized due to infections that were
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not related to FMT. Two dialysis patients had sepsis in
the months following FMT. One dialysis patient died
two months after FMT. A patient with CLL and chronic
norovirus did not clear the CDI or norovirus; she died
due to complications of CLL five months after FMT. The
HIV patient resolved the C. difficile infection through
FMT but experienced an activation of underlying
ulcerative colitis two months after FMT. The patient
group had many comorbidities, and all the adverse
events were considered likely to be unrelated to the
FMT.

We also report eight cases of patients treated with
FMT for a reason other than rCDI. These patients had
prolonged Salmonella infection (two cases), ESBL-
producing E. coli carriage, fish malodour syndrome
(two cases), chronic norovirus infection, small bowel
bacterial overgrowth and lymphocytic colitis. The
acknowledged indication for FMT is recurrent C. difficile
infection. When performed outside of this indication,
FMT should preferably be conducted in a clinical
trial setting™. However, experimental treatment in
carefully considered cases is justified when other
treatment options are limited. Such cases also provide
preliminary results regarding the use of a specific
treatment for new indications.

In the past few years, an increasing number of
diseases have been shown to be associated with
alterations of the gut microbiota, yet the causality is in
most cases undefined. FMT has been suggested to be
investigated in many of these diseases*™*. Although
promising data about FMT in new indications such as
autism™, constipation™*!! and epilepsy'*? have been
reported, careful consideration of the associated risks
is necessary.

The eight patients treated for causes other than
rCDI all had a condition in which disruption of the
gut microbiota was a possible etiological factor. All
eight patients expressed a strong wish to try FMT
for their condition, for which other treatments had
previously failed. The patients were informed of the
experimental nature of the procedure. The justification
of each treatment was considered by at least three
specialists, including the performing gastroenterologist,
the referring physician and the head of the Gastro-
enterology Department.

The carriers of Salmonella and ESBL-producing E.
coli, and the SIBO patient seemed to have benefitted
from FMT. One of the fish malodour syndrome patients
received only short-term relief for malodour, and the
other did not gain any benefit. The patient suffering
from lymphocytic colitis and the CVI patient with
chronic norovirus infection did not gain a benefit from
FMT. The positive outcome of the carriers of Salmonella
and ESBL-producing E. coli was objectively defined
with a laboratory test, as was the negative outcome
for the norovirus patient. The outcomes of the other
three patients was based on self-reported symptoms
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and thus were less objective. None of these patients
reported any side effects.

The eradication of antibiotic resistant bacteria
with FMT has been studied by many research groups,
and the results to date are promising. Successful
eradications have been described with several
multidrug-resistant bacteria, such as ESBL-producing
and carbapenemase-producing Enterobacteriaceae,
vancomycin-resistant Enterococci, or methicillin-
resistant Staphylococcus aureus®**, To the best of
our knowledge, the two eradications of Salmonella
carriage are the first reported cases. The efficacy of
FMT for chronic norovirus infection and fish malodour
syndrome has also not been reported previously. The
treatment options for multidrug-resistant organisms
are scarce - eradication and increasing colonization
resistance by FMT may offer a new means to counter
the problem.

We think it necessary to further study the effect of
FMT in conditions where other treatment options are
limited. Placebo-controlled trials should be preferred
due to the high risk of a placebo effect in conditions
in which the diagnosis relies mostly on symptoms,
although randomized controlled trials may not be
an option for infrequent conditions due to the small
number of patients. Thus, case series provide valuable
guidance for clinical practice and future clinical trials.

In conclusion, in our cohort, FMT appeared to be a
safe and effective treatment for rCDI for patients with
significant comorbidities, although further conclusions
cannot be drawn due to the small sample size. FMT
also shows promise for the eradication of antibiotic-
resistant bacteria, for which further research is
warranted. FMT is only indicated for rCDI; for other
indications, FMT should still be performed only in a
clinical trial setting.

COMMENTS

Case characteristics

The authors reviewed 21 fecal microbiota transplantation (FMT)-treated
patients, of which 13 had recurrent Clostridium difficile infection (rCDI)
and major comorbidities: two human immunodeficiency virus patients, six
haemodialysis patients, two kidney transplant patients, two liver transplant
patients and a patient with chronic lymphatic leukaemia. In addition, the authors
reviewed 8 patients treated with FMT for new indications: Salmonella carriage
(two patients), trimethylaminuria (two patients), small intestinal bacterial
overgrowth, lymphocytic colitis, ESBL-producing Escherichia coli carriage and a
common variable immunodeficiency-patient with chronic norovirus infection.

Treatment

The patients were treated with FMT. Most of the patients received FMT via
colonoscopy, and stool from a universal donor was mainly used. In a minority of
cases, FMT was administered through gastroscopy.

Related reports

Immunocompromised patients have been excluded from the majority of FMT
studies, but case reports and series have started to emerge. The number of
case reports of patients treated with FMT for indications other than Clostridium
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difficile is growing. To our knowledge, eradication of Salmonella carriage with
FMT has not been reported previously.

Experiences and lessons

FMT is acceptably safe for the treatment of rCDI in immunocompromised
patients. FMT is promising as a treatment for the eradication of antibiotic-
resistant bacteria. There is a great demand for further research on FMT for
many new indications.

Peer-review

This article gives a clear description of 21 cases and reasonable discussion,
and it can provide a good reference in the daily performance of FMT. The case
description in the article is very detailed, the analysis is also very thorough. The
article has a good clinical significance.
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Abstract

Gastric submucosal tumors (SMTs) less than 2 cm
are generally considered benign neoplasms, and
endoscopic observation is recommended, but SMTs
over 2 cm, 40% of which are gastrointestinal stromal
tumors (GISTs), have malignant potential. Although
the Japanese Guidelines for GIST recommend partial
surgical resection for GIST over 2 cm with malignant
potential as well as en bloc large tissue sample to
obtain appropriate and large specimens of SMTs,
several reports have been published on tissue sampling
of SMTs, such as with endoscopic ultrasound sound fine
needle aspiration, submucosal tunneling bloc biopsy,
and the combination of bite biopsy and endoscopic
mucosal resection. Because a simpler, more accurate
method is needed for appropriate treatment, we
developed oval mucosal opening bloc biopsy after
incision and widening by ring thread traction for
submucosal tumor (OMOB) approach. OMOB was
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simple and enabled us to obtain large samples under
direct procedure view as well as allowed us to restore
to original mucosa.

Key words: Gastric submucosal tumors; Gastrointestinal
stromal tumor; Reversible opening biopsy; Endoscopic
ultrasonography; Large sample

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Gastric submucosal tumors (SMTs) less than
2 cm are generally considered benign neoplasms, and
endoscopic observation is recommended, but SMTs over
2 cm, 40% of which are gastrointestinal stromal tumors
(GISTs), have malignant potential. Although partial
surgical resection for GIST over 2 cm with malignant
potential as well as en bloc large tissue sample to
obtain appropriate and large specimen of SMTs is
recommended, several reports have been published
on tissue sampling of SMTs. Because a simpler, more
accurate method is needed for appropriate treatment,
we developed oval mucosal opening bloc biopsy after
incision and widening by ring thread traction approach.

Mori H, Kobara H, Guan Y, Goda Y, Kobayashi N, Nishiyama N,
Masaki T. Oval mucosal opening bloc biopsy after incision and
widening by ring thread traction for submucosal tumor. World J
Gastroenterol 2017; 23(39): 7185-7190 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i39/7185.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i139.7185

INTRODUCTION

Gastric submucosal tumors (SMTs) less than 2 cm
are generally considered benign neoplasms, and
endoscopic observation is recommended; however,
SMTs over 2 cm, 40% of which are gastrointestinal
stromal tumors (GISTs), have malignant potential™.
The Japanese Guidelines for GIST over 2 cm with
malignant potential recommend removal by partial
surgical resection as well as en bloc large tissue sample
collection to obtain an accurate diagnosis before
surgery™.. To obtain appropriate and large specimens
of SMTs and diagnose them accurately, there have
been several reports related to tissue sampling of
SMTs, such as endoscopic ultrasound sound fine
needle aspiration (EUS-FNA)™*?!, submucosal tunneling
bloc biopsy (STB), and the combination of bite biopsy
and endoscopic mucosal resection (CB-EMR) by which
the crown of SMTs was partially resected by EMRY..
Because a simpler, more accurate method is needed
for appropriate treatment, we developed oval mucosal
opening bloc biopsy after incision and widening by
ring thread traction for submucosal tumor (OMOB)
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Figure 1 Endoscopic findings of gastric submucosal tumor. A gastric
submucosal tumor (30 mm in diameter) is shown in the fornix of the stomach.

approach.

CASE REPORT

A forty-seven-year-old woman was diagnosed with
a gastric SMT that was 30 mm in diameter in the
fornix (Figure 1). As the tumor located in the fornix
where EUS-FNA was unable to puncture its needle
due to maximum bended endoscope position and STB
was also difficult to create submucosal tunnel under
maximum bended endoscope position, it was difficult
to obtain sufficient tissue sample of this tumor (Figures
1 and 2A). A 5-10 mm straight incision was made on
the top of the SMT by Dual knife (KD-650L, OLYMPUS
Co., Tokyo, Japan) (Figures 2B and 3). After a 5-mm
ring-shaped thread was delivered by grasping forceps
and clipped on the left side mucosa of the incision
edge (Figure 2C), second clip was hooked the ring-
shaped thread (Figure 2D) and moved to be tied up
the left gastric wall.

The same procedures were performed on the
right side of the incision mucosa (Figure 4) making a
straight incision like an oval-shaped incision (Figure
5). With more insufflation, both ring threads expanded
the oval incision to a round-shaped incision from which
the tumor capsule was clearly recognized (Figure 6).
An approximately 5 mm incision of the tumor capsule
by Dual knife made it possible to confirm the tumor
itself which had abundant tumor vessels (Figures 2E
and 6). A 5-mm piece of tumor tissue was obtained
by cutting the tumor surface with a Dual knife. After
both sides of the ring threads were detached, the
opened mucosa was closed by hemoclips to restore it
back to the original mucosa (Figures 2F and 7). The
total procedure time was only 10 min, and there were
no complications, such as bleeding or perforation.
The histological result was gastrointestinal stromal
tumor. Three weeks after this new bloc biopsy, the
incised mucosa was completely recovered with a
linear scar. Laparoscopy and endoscopy cooperative
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Figure 2 Oval mucosal opening bloc biopsy after incision and widening by ring thread traction. A: A gastric submucosal tumor (SMT) (30 mm in diameter) is
shown in the fornix of the stomach; B: A 5-10 mm incision on the top of SMT was made; C: After a 5-mm ring-shaped thread was delivered by grasping forceps; D:
Second clip was hooked the ring-shaped thread and moved to be tied up the left gastric wall; E: The same procedures were performed on the right side of the incision
mucosa and made a straight incision like an oval-shaped incision; F: After both sides of the ring threads were detached, the opened mucosa was closed by hemoclips

to restore it back to the original mucosa.

Figure 3 Incision at the top of the submucosal tumor. As endoscopic
ultrasound sound fine needle aspiration and submucosal tunneling bloc biopsy
were impossible due to the tumor’s location, a 5-10 mm incision on the top of
submucosal tumor was made (yellow arrow).

surgery (LECS) was successfully performed, and
the histological finding of the GIST was low risk in
accordance with Fletcher’s classification. An endoscopic
image revealed that straight incision on the top of
the SMT was completely scarred and closed (yellow
ring) (Figure 8) when laparoscopy and endoscopy
cooperative surgery (LECS) was performed six week
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Figure 4 Ring- shaped thread counter traction. After clipping the 5-mm ring-
shaped thread on the left side mucosa of the incision edge (yellow arrows), the
other side of this ring thread was hooked and pulled to the posterior wall of the
stomach (blue arrow). A 2" white ring thread was placed on the other side of
the incision edge (green arrow).

after oval mucosal opening bloc biopsy.

DISCUSSION

The natural history of 2-5 cm GISTs is unknown. In
the Japanese Guidelines of GIST, accurate diagnosis,
including the histological grade based on a sufficient
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Figure 5 Oval mucosal opening after incision and widening by ring thread
traction. The same procedures were performed on both sides of the incision
mucosa with a straight incision to an oval shaped incision (yellow arrows).

Figure 6 Direct view of capsule and abundant vessels of gastrointestinal
stromal tumors. With more insufflation, both ring threads expanded the oval
incision to a round shaped incision (green arrows) from which the tumor capsule
was clearly recognized. An approximately 7-mm cut of the tumor capsule (yellow
arrows) by Dual knife made it possible to confirm the tumor (blue arrows) with
abundant tumor vessels.

Figure 7 Reversible mucosa closure by hemoclips. After both sides of the
ring threads were detached, the opened mucosa was closed by hemoclips to
restore it back to the original mucosa (yellow arrow).

tissue sample, is recommended for GIST less than 2
cm, which is growing rapidly, or 2-5 cm GIST rather
than endoscopic observation alone™,
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Figure 8 A mucosal incision six week after oval mucosal opening bloc
biopsy. An endoscopic image revealed that straight incision on the top of the
submucosal tumor was completely scarred and closed (yellow ring) when
laparoscopy and endoscopy cooperative surgery was performed six week after
oval mucosal opening bloc biopsy.

EUS-FNA is very useful for accurate diagnosis for
SMTs since it was reported in 1992%, Its diagnostic
sensitivity for GIST is very high at approximately 70%
and the specificity is approximately 85%!"%, On the
other hand, EUS-FNA does not always obtain sufficient
tissue by needle sample for one of the grading factors
of malignancy, such as the mitotic count under a 50
high power microscope field. The diagnostic rate for
EUS-FNA was approximately 60% as the obtained
samples were too small to pathologically diagnose the
mitotic counts!*!!, The combination of bite biopsy and
endoscopic mucosal resection (CB-EMR) using a snare
to cut the top of SMTs enabled us to obtain a large bloc
specimen. However, the bleeding rate was very high
at approximately 50%-60% from the snare resection
site!’?), Bleeding after snare resection occurred due to
a large mucosal defect at approximately 15-20 mm
in diameter. Compared to CB-EMR, OMOB enable
us to perform en bloc large tissue sampling without
complications, such as bleeding, for GIST with rich
vessels. OMOB consists of a 1-cm linear incision to
round shaped excision using ring threads that expand
with insufflation. After obtaining large bloc tissue,
coagulation of bleeding vessels is performed followed
by closure of the opening mucosa. Closure and
recovery of mucosal incision is an important point of
OMOB. STB using the ESD technique is another way to
obtain a large tissue sample of GIST. As STB was safely
performed using flexible endoscopic knives, only ESD
experts could perform STB. It is difficult for ordinary
endoscopists to perform STB!*?, because making
appropriate size and location of mucosal incision
suitable for creating submucosal tunnel was very
difficult for ESD beginner. And creating submucosal
tunnel to correct direction and adjusting correct depth
of submucosal dissection within the submucosal
tunnel were more difficult than conventional gastric
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ESD. Another disadvantage of STB is the creation of a
submucosal tunnel that leaves an extra 1-cm tunnel
scar outside of the GIST. This extra linear scar makes
the surgical margin of LECS larger than that of OMOB.

In conclusion, OMOB was simple and enabled us to
obtain a large sample under the direct procedure view;
it also allowed us to restore to the original mucosa.

COMMENTS

Case characteristics
A forty-seven-year-old woman was diagnosed with a gastric submucosal tumor
(SMT) that was 30 mm in diameter in the fornix.

Clinical diagnosis
The tumor located in the fornix was considered as gastric submucosal tumor.

Differential diagnosis
Gastrointestinal stromal tumor (GIST), leiomyoma, schwannoma, leiomy-
osarcoma, malignant lymphoma, ectopic pancreas and lipoma.

Laboratory diagnosis
All labs were within normal limits.

Imaging diagnosis
Esophagogastroduodenoscopy showed gastric SMT 30 mm in diameter in the
fornix .

Pathological diagnosis
The histopathological finding of the SMT was low risk GIST in accordance with
Fletcher’s classification.

Treatment
Complete surgical excision of lesion.

Related reports

Several reports have been published on tissue sampling of SMTs, such as with
endoscopic ultrasound sound fine needle (EUS-FNA) aspiration, submucosal
tunneling bloc biopsy, and the combination of bite biopsy and endoscopic
mucosal resection.

Term explanation
Oval mucosal opening bloc biopsy by ring thread traction for submucosal tumor
is new method for diagnosis of gastric SMT.

Experiences and lessons

Development of oval mucosal opening bloc biopsy after incision and widening
by ring thread traction for submucosal tumor (OMOB) approach was useful for
simpler, more accurate method for appropriate treatment of gastric SMT.

Peer-review

This case report presented a new biopsy method for GIST of the stomach. The
authors demonstrate clearly that “reversible hinged double doors method” is
useful to obtain large tissue sample. This method may certainly be of use for
tough case even if we use EUS-FNA. This manuscript is well-written in terms of
language and seems to be informative to the readers.
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Abstract

Primary biliary cholangitis (PBC) is an idiopathic autoi-
mmune liver disease characterized by chronic chole-
stasis and destruction of the intrahepatic bile ducts.
Similar to other autoimmune diseases, the pathogenesis
of PBC is considered to be a complex etiologic
phenomenon involving the interaction of genetic and
environmental factors. Although a number of common
variants associated with PBC have been reported from
genome-wide association studies, a precise genetic
mechanism underlying PBC has yet to be identified.
Here, we describe a family with four sisters who were
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diagnosed with PBC. After the diagnosis of the index
patient who was in an advanced stage of PBC, one
sister presented with acute hepatitis, and two sisters
were subsequently diagnosed with PBC. Notably,
one half-sister with a different mother exhibited no
evidence of PBC following clinical investigation. Our
report suggests the possibility of a maternal inheritance
of PBC susceptibility. Moreover, judging from the high-
penetrance of the disease observed in this family, we
inferred that a pathogenic genetic variant might be
the cause of PBC development. We describe a family
that exhibited diverse clinical presentations of PBC that
included asymptomatic stages with mildly increased
liver enzyme levels and symptomatic stages with acute
hepatitis or advanced liver fibrosis. Additional studies
are needed to investigate the role of genetic factors in
the pathogenesis of this rare autoimmune disease.

Key words: Primary biliary cholangitis; Family history;
Genetic susceptibility

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The precise genetic mechanism underlying
primary biliary cholangitis (PBC) has yet to be iden-
tified. Here, we describe a family with four siblings
who were diagnosed with primary biliary cholangitis.
This is the first case report to provide evidence of a
maternal inheritance mechanism for PBC based on the
identification of a non-PBC half-sibling. This report also
highlights the occurrence of all clinical presentations of
PBC in one family. Identification of a causal variant is
important for a better understanding of the mechanism
underlying PBC pathogenesis.

Shin S, Moh IH, Woo YS, Jung SW, Kim JB, Park JW, Suk KT,
Kim HS, Hong M, Park SH, Lee MS. Evidence from a familial
case suggests maternal inheritance of primary biliary cholangitis.
World J Gastroenterol 2017; 23(39): 7191-7197 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i39/7191.htm
DOI: http://dx.doi.org/10.3748/wjg.v23.i39.7191

INTRODUCTION

Primary biliary cholangitis (PBC) is a chronic autoi-
mmune cholestatic liver disease that predominantly
affects middle-aged women. PBC is characterized by
immune-mediated destruction of the intrahepatic bile
ducts that gradually leads to fibrosis, cirrhosis, and
eventually liver failure. Most patients are diagnosed
when asymptomatic with an elevation of alkaline
phosphatase (ALP) or with pruritus and mild elevations
on liver biochemical tests. PBC can be diagnosed if two
of the three following criteria are met: the presence
of anti-mitochondrial antibody (AMA); cholestatic
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biochemical test results, such as an elevated ALP level;
and histologic evidence of non-suppurative cholangitis
with destruction of the interlobular bile ducts™?.

The current hypothesis regarding the etiology of
PBC is that it is a multifactorial disease that occurs
due to a combination of genetic, immunologic, and
environmental factors®®. The influence of genetic
factors is evidenced by familial clusters and twin
studies™. Epidemiological studies have demonstrated
that family members of patients with PBC are at a
higher risk of developing PBC®”. Associations between
a number of genetic loci and PBC have been reported
in genome-wide association studies (GWAS), which
is similar to the cases of many other autoimmune
diseases®'®, However, no precise genetic mechanism
underlying PBC is known.

Herein, we report a family with four sisters who
were diagnosed with PBC. The possible implications of
a monogenic etiology of PBC are discussed.

CASE REPORT

A 56-year-old woman (Table 1, patient 1) was referred
to Hallym University Kangnam Sacred Heart Hospital
with abnormal liver function test results. Her past
history was unremarkable, and she had no history
of alcohol or drug abuse. Here, serum aspartate
aminotransferase (AST), alanine aminotransferase
(ALT), ALP, gamma-glutamyltranspeptidase (GGT),
and immunoglobulin (Ig) M were elevated, and she
was positive for AMA. A liver biopsy revealed non-
suppurative destructive cholangitis and granulomatous
inflammation with fibrosis (Figure 1A). The patient
was diagnosed with PBC, and her family members,
including three sisters, one brother, and one half-sister
were evaluated (Figure 2).

Patient 2 had no symptoms but exhibited a mild
elevation of ALP. She also exhibited positivity for AMA
and non-suppurative cholangitis on a liver biopsy
(Figure 1B) and was diagnosed with early-stage PBC.

Patient 3 was admitted to an outside university
hospital with acute hepatitis of undetermined etiology.
Here, liver enzymes were markedly elevated at the
time of admission, i.e., her AST was 744 IU/L, and her
ALT was 1273 IU/L. Viral markers of acute hepatitis
pathogens, including hepatitis A, hepatitis E, herpes
simplex virus, Epstein-Barr virus, and cytomegalovirus,
were negative. She then presented to our hospital,
where laboratory tests revealed AMA positivity,
an elevated IgM level, and liver histologic findings
consistent with PBC (Figure 1C).

Patient 4 had no symptoms but exhibited mild
elevations of the serum levels of AST, ALT, and GGT.
She was AMA-positive, and her IgG and IgM levels
were elevated. A subsequent liver biopsy revealed
advanced histologic findings consistent with PBC,
including portal inflammation, non-suppurative chol-
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Figure 1 Microscopic features of the patients’ liver biopsies (H&E stain, x 400). A: Patient 1: A non-necrotizing granuloma is surrounded by lymphoid infiltrates
(arrow); B: Patient 2: Aggregates of lymphocytes indicate the early phase of the disease; C: Patient 3: Mild portal inflammation without bile duct damage or granuloma
is present; D: Patient 4: A damaged bile duct is identified in a background of lymphocytes and plasma cells (arrow).

Table 1 Characteristics and initial laboratory findings from the family members

Characteristics (reference ranges) Patient 1 Patient 2 Patient 3 Patient 4 Brother Half-sister
Sex, age F, 56 F, 54 F, 44 F, 38 M, 52 F, 48
Symptom Fatigue, pruritus @) Fatigue, nausea () ©) )
Underlying disease -) Thyroid cancer ©] () () -)
AST, IU/L (9-39) 127 29 311 63 16 17
ALT, IU/L (6-45) 160 24 509 90 11 13
Total/direct bilirubin, mg/dL (0.4-1.3/0.1-0.4) 1.0/ 03 0.8 /0.2 13/07 0.6/02 05/0.2 09/03
ALP, IU/L (35-104) 132 122 122 101 83 58
GGT, IU/L (8-35) 169 63 188 112 14 15
HBs antigen/antibody (-/+) (-/+) -/-) (-/+) (-/+) Not done
Anti-HCV antibody -) ) ©] () () Not done
Anti-mitochondrial antibody, titer (+, > 1:1280) (+, 1:640) (+, > 1:1280) (+, 1:640) () (-)
Anti-smooth muscle antibody ) ) O] () ) )
Anti-liver-kidney microsome antibody ) -) -) -) Not done Not done
Antinuclear antibody -) -) -) -) ) )
1gG, mg/dL (700-1600) 1630 1150 1790 2070 1130 1210
IgA, mg/dL (70-400) 316 226 362 268 287 177
IgM, mg/dL (40-230) 421 289 542 542 247 94.4

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; GGT: Gamma-glutamyltranspeptidase; HBs: Hepatitis B

surface; HCV: Hepatitis C virus; Ig: Immunoglobulin.

angitis, granuloma, lymphoplasmacytic infiltrates, and
peri-portal fibrosis (Figure 1D).

One brother (52 years old) with the same mother
and one half-sister (48 years old) with a different
mother were clinically evaluated for PBC; however,
they both exhibited normal liver biochemistry and
negative AMA results (Table 1).

The four patients were treated with ursodeoxycholic
acid (UDCA; 15 mg/kg-d), and liver biochemistry
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results indicated good responses (Figure 3). The
patients have been followed and maintained on UDCA
therapy without complications.

DISCUSSION

Here, we report a family that displayed evidence of
maternal inheritance and exhibited all possible clinical
presentations of PBC. The index patient (patient 1) was
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Figure 2 Pedigree of a family with four sisters with diagnoses of primary biliary cholangitis. The black symbols indicate clinically affected family members,
and the white symbols indicate non-affected members. No phenotypically relevant information was available for the members with question marks. Pt: Patient; PBC:

Primary biliary cholangitis.

diagnosed in a fairly advanced stage of the disease
and with early cirrhosis. In contrast, two patients
were diagnosed in asymptomatic stages with mildly
increased liver biochemistry results (patients 2 and 4).
Interestingly, one patient (patient 3) presented with an
acute hepatitis-like condition with markedly elevated
serum aminotransferases. In PBC, acute presentations
have very rarely been reported™!!. Because acute
presentations of an overlapping syndrome, i.e., autoi-
mmune hepatitis, are common, it has previously been
suggested that autoimmune hepatitis might exhibit
overlap with the early stage of PBC in PBC patients with
acute presentations“z]. However, we were unable to
find any relevant evidence of autoimmune hepatitis in
patient 3, including in examinations of liver histology,
auto-antibody studies, the serum IgG level, and the
treatment response to UDCA™*,

There are some factors that are known to trigger
PBC symptoms or signs that include adverse drug
reactions, pregnancy, and delivery™?, The mechanisms
by which these factors affect disease state are thought
to be related to an immunological influence™. How-
ever, our patient with the acute presentation was not
pregnant and had no history of medication use. Our
findings suggest that PBC should be considered in the
differential diagnosis of acute hepatitis of unknown
etiology. Further study is needed to identify possible
undiagnosed cases and to investigate the mechanisms
that trigger the acute phase of PBC.

Previous GWA studies have contributed to our
understanding of the genetic architecture of PBC®'”,
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A number of susceptibility loci are located in genes
with known immunologic functions, such as human
leukocyte antigen (HLA), interleukin 12 receptor
subunit beta 2 (IL12RB2), interleukin 12A (IL12A),
C-X-C motif chemokine receptor 2 (CXCR2), and the
CD80 molecule (CD80)® ™, However, the identified
polymorphisms are also found in the general popul-
ation at high frequencies and could partially explain the
disease heritability. Based on the existence of familial
cases with many affected members, as we report
here®*** we infer the contribution of a rare, disease-
causing variant to the development of PBC. Although
the previous literature also reports a high prevalence
of PBC in siblings of patients (four or more cases in
6-10 siblings)™*>', the unique and interesting feature
in our case is that PBC was diagnosed in all four sisters
but not in one half-sister with a different mother.
This finding suggests the possibility of maternal
inheritance mechanism and a genetic pattern, such as
X chromosome-linked or mitochondrial inheritance.
With rapid progression of next-generation sequ-
encing (NGS) technology, the cost and time required
to sequence data have substantially declined™®. Using
high-throughput NGS technology, it is technically
feasible to quickly and efficiently investigate rare
variants that cannot be identified by GWAS!®. There-
fore, we plan to detect the causal genetic variant
in this family using whole-exome sequencing. The
identification of a rare pathogenic variant is important
for a better understanding of the mechanism under-
lying the pathogenesis of PBC and for identifying novel
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Figure 3 Biochemical responses to ursodeoxycholic acid treatment. A-D: Serum activities of aspartate aminotransferase (AST; solid lines) and alkaline
phosphatase (ALP; dotted lines) showing good responses to ursodeoxycholic acid in patients 1-4.

therapeutic targets.

The early detection of PBC is important because
UDCA treatment before the development of late-
stage disease may normalize the life expectancy™®?".,
Long-term observational studies have demonstrated
the benefits of UDCA on serum liver tests, histologic
features, and improved survival®*?*!, The efficacy of
a novel bile acid analogue, obeticholic acid, has also
recently been demonstrated in patients who exhibit
inadequate responses to UDCA**?*], Luckily, all of our
patients responded well to UDCA therapy.

From our case and prior evidence indicating familial
clustering of PBC, if one patient is diagnosed with PBC,
screening with AMA and liver function tests should be
recommended to other family members for the early
detection and management of this condition, especially
for female relatives.

The genetic etiology of PBC remains elusive despite
much effort. To the best of our knowledge, this is the
first case to provide evidence of a maternal inheritance
mechanism for PBC based on the identification of a
non-PBC half-sibling. This report also highlights the
occurrence of all clinical presentations of PBC in one
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family. Additional studies are needed to identify a
causal genetic variant in this family and the exact
genetic mechanism that leads to the development of
PBC.

COMMENTS

Case characteristics
Two patients presented with fatigue and nausea, and the other two patients
exhibited no symptoms.

Clinical diagnosis

Four sisters in a family were diagnosed with primary biliary cholangitis (PBC),
although one brother with the same mother and one half-sister with a different
mother showed no evidence of PBC.

Differential diagnosis

Drug-induced cholestasis (history for medication), bile duct obstruction
(ultrasound for gallstones or malignancy), autoimmune hepatitis [liver histology,
auto-antibodies studies, serum immunoglobulin G level, and treatment response
to ursodeoxycholic acid (UDCA)].

Laboratory diagnosis
All four patients showed the presence of anti-mitochondrial antibodies at high
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titers (= 1:640) and elevated serum liver biochemistry results including those
for alkaline phosphatase and aspartate aminotransferase.

Imaging diagnosis
For all patients, ultrasounds revealed no evidence of biliary obstruction due to
gallstones or malignancy.

Pathological diagnosis
For all patients, microscopic observations of liver biopsy tissue revealed
histologic findings consistent with PBC.

Treatment
The four patients were treated with UDCA.

Related reports

To date, many PBC candidate loci have been reported in genome-wide
association studies. However, these loci are very heterogeneous, and the exact
genetic cause of PBC remains elusive.

Explanations of terms
Whole-exome sequencing: also called WES or exome sequencing, is a
technique for the sequencing of all human protein-coding exons.

Experiences and lessons
From the observations of the presentations of the four siblings diagnosed with
PBC, we recommend that PBC occurrence should be considered in family
members of any identified patients.

Peer-review

This is an interesting clinical observation that suggests the possibility of a
maternal inheritance pattern of PBC. The presented data may provide an
incentive for further research.
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Abstract

Duplicate publication can introduce significant bias into
a meta-analysis if studies are inadvertently included

Baishidenge ~ WJG | www.wjgnet.com

more than once. Many studies are published in more
than one journal to maximize readership and impact
of the study findings. Inclusion of multiple publications
of the same study within a meta-analysis affords
inappropriate weight to the duplicated data if reports
of the same study are not linked together. As studies
which have positive findings are more likely to be
published in multiple journals this leads to a potential
overestimate of the benefits of an intervention.
Recent advances in immunosuppression strategies
following liver transplantation have led to many studies
investigating immunosuppressive regimes including
immunosuppression monotherapy. In this letter we
focus on a recently published meta-analysis by Lan
et al investigating studies assessing immunosuppression
monotherapy for liver transplantation. The authors
claim to have identified fourteen separate randomised
studies investigating immunosuppression monotherapy.
Seven of the references appear to relate to only
three studies which have been subject to duplicate
publication. Several similarities can be identified in
each of the duplicate publications including similar
authorship, identical immunosuppression regimes,
identical dates of enrolment and citation of the original
publication in the subsequent manuscripts. We discuss
the evidence of the duplicate publication inclusion in
the meta-analysis.

Key words: Liver transplantation; Immunosuppression;
Meta-analysis; Duplicate publication; Bias

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The purpose of this letter to the editor is
to comment on the potential inclusion of duplicate
publications within the meta-analysis titled: “Efficacy
of immunosuppression monotherapy after liver trans-
plantation: A meta-analysis”.

Fairfield CJ, Harrison EM, Wigmore SJ. Duplicate publication
bias weakens the validity of meta-analysis of immunosuppression
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TO THE EDITOR

We read with interest the article titled “Efficacy of
immunosuppression monotherapy after liver trans-
plantation: A meta-analysis” by Lan et a/'*l. The
authors have performed a meta-analysis assessing the
use of immunosuppression monotherapy after liver
transplantation. The authors claim to have included
fourteen randomised studies comparing monoth-
erapy vs combination immunosuppression for liver
transplanted patients and conclude that calcineurin
inhibitor monotherapy is both effective and leads to
fewer adverse events than combination therapy. The
authors state that the review is the first meta-analysis
to include multiple studies assessing the effect of
immunosuppression with or without steroids on graft
rejection after liver transplantation. Finally, the authors
state that the strengths of their review include duplicate
study elimination. For the following reasons, we do not
agree with their results or their conclusions.

The authors claim to have included fourteen sepa-
rate randomised studies. On closer inspection, the
authors have included seven references relating to
only three randomised studies and have not made
adequate efforts to eliminate duplicate studies!*®.

The first of these studies was performed in the
United Kingdom and both publications share the same
start date, protocol, several co-authors and the same
recruitment centres™®?, The earlier publication appears
to record preliminary results™. Manousou et a/”!
appear to have included these preliminary results as
a separate study. Furthermore, the main publication
relating to this study clearly states that the findings
are “similar to those in our preliminary report”. The
citation in support of this statement is identical to that
included as a separate study in the meta-analysis by
Lan et al'".

The second of these studies was performed in
Germany and both publications share the same enrol-
ment dates, protocol, several co-authors, recruitment
centre and numbers of patients allocated to each interv-
ention arm™>!, Furthermore, the publication recording
long-term follow-up for patients in this study explicitly
states that the authors have previously published their
study and that in the publication in 2010 they “present
the results of a re-evaluation of our study patients”’.

The third of these studies was performed in Italy
and all three publications share the same enrolment
dates, several co-authors, recruitment centre and
protocol™®, Furthermore, both duplicate studies with
later publication dates explicitly state that the earlier
publications are interim reports relating to the same
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study’

The authors also claim to have published the
first meta-analysis assessing steroid-free immuno-
suppression in liver transplanted patients. Three
meta-analyses®®'"! were published prior to the date of
submission by Lan et afl. Two further meta-analyses

have been published since this date™*'*. In each

case where any of the three studies discussed have
been included in another meta-analyses the authors
have concluded that the studies have been subject to

duplicate publication.

The problem with inclusion of duplicated data in
meta-analyses is that it creates bias with inappropriate
weight being afforded to the duplicate data. The failure
in Lan 2014 to adequately avoid duplicate publication
bias may mean that the results of this meta-analysis

are invalid.
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