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List of investigators that screened ≥1 participant for enrolment 
Country/Region Site Name Principal Investigator 

Argentina Fundacion Favaloro Mendez, Guillermo 

Centro Medico San Roque Segovia, Ruben 

Hospital Municipal de Gastroenterolgia Dr. Bonorino Udaondo Carballido, Marcela (current) 

Iseas, Soledad (former) 

CEMIC Grasselli, Julieta 

Centro Oncologico Riojano Integral Kaen, Diego 

Australia Eastern Health Lee, Margaret 

Gallipoli Medical Research Foundation Joubert, Warren 

Liverpool Hospital Roohullah, Aflah 

Mid North Coast Cancer Institute Begbie, Stephen 

Western Health-Sunshine Hospital Geneser, Keri-Lee (current) 
Anand, Sumitra (former) 

Belgium Saint-Luc UCL Borbath, Ivan 

CHU de Liege Collignon, Joelle 

UZ Gent Geboes, Karen 

Erasme Hospital Demols, Anne 

UZ Leuven Verslype, Chris 

Grand Hopital de Charleroi Sinapi, Isabelle 

Brazil Associacao Hospitalar Moinhos de Vento Weschenfelder, Rui 

A.C. Camargo Cancer Center Camandaroba, Marcos 

Hospital Nossa Senhora de Conceicao Alves, Gustavo 

ONCOSITE - Centro de Pesquisa Clinica em Oncologia Franke, Fabio 

Hospital Paulistano - Amil Clinical Research Kinupe Abrahao, Ana Beatriz 

Instituto COI de Pesquisa Educacao Gestao Victorino, Ana Paula 

Instituto do Cancer do Estado de Sao Paulo - ICESP Moniz, Camila 

BP – A Beneficencia Portuguesa de São Paulo-Medical Oncology de Carvalho, Ricardo Saraiva 

Canada McGill University Health Centre Asselah, Jamil 

Centre Hospitalier de l’Universite de Montreal - CHUM Aubin, Francine 

Hamilton Health Sciences - Juravinski Cancer Centre McWhirter, Elaine (current) 

Kazemi, Ghazaleh (former) 

Cross Cancer Institute Easaw, Jacob 

Tom Baker Cancer Centre Tam, Vincent 

Chile Pontificia Universidad Catolica de Chile Nervi, Bruno 

Servicios Medicos Urumed Fernandez, Plinio 

Centro Investigación del Cáncer James Lind Yanez Weber, Patricio 

Fundacion Arturo Lopez Perez FALP Uribe, Rodrigo (current) 

Barajas, Olga (former) 

Sociedad Oncovida S.A. Salman, Pamela (current) 

Painemal, Claudio (former) 

IC La Serena Research Morales, Luisa 

China Eastern Theater General Hospital, Qinhuai District Medical Area - 
Department of Oncology 

Qin, Shukui 

Zhongshan Hospital Fudan University Ren, Zhenggang 

First Affiliated Hospital of the Third Military Medical University Liang, Houjie 

The First Hospital of Jilin University Li, Wei 

Hunan Cancer Hospital Gu, Shanzhi 

Harbin Medical University Cancer Hospital Bai, Yuxian 

Zhejiang Cancer Hospital Ying, Jieer 

The First Affiliated Hospital Zhejiang University Liang, Tingbo 

The 900th Hospital of the Joint Logistics Support Force of the Chinese 

People’s Liberation Army 

Li, Dongliang 

Beijing Cancer Hospital Hao, Chunyi 

Anhui Provincial Hospital Pan, Yueyin 

Hunan Provincial People Hospital Peng, Chuang 

The First Affiliated Hospital of Xi’an Jiaotong University Geng, Zhimin 

Tangdu Hospital Su, Haichuan 

West China Hospital of Sichuan University Gou, Hongfeng 

Peking Union Medical College Hospital Zhao, Haitao 

Fujian Provincial Cancer Hospital Yu, Wenchang 

Tianjin Medical University Cancer Institute & Hospital Song, Tianqiang 

The Third Xiangya Hospital of Central South University Cao, Ke 

Renji Hospital Shanghai Jiaotong University School of Medicine Mao, Yimin 

Fudan University Shanghai Cancer Center Wang, Lu 

Guangdong Provincial People’s Hospital Chen, Xiaoming 

France Centre Eugene Marquis Edeline, Julien (current) 

Le Sourd, Samuel (former) 
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Country/Region Site Name Principal Investigator 

Gustave Roussy Smolenschi, Cristina (current) 

Malka, David (former) 

CHU Bordeaux Haut-Leveque Blanc, Jean-Frederic 

A.P.H. Paris, Hopital Beaujon Bouattour, Mohamed 

CHU de Montpellier - Hopital Saint-Eloi Assenat, Eric 

CHU Clermont-Ferrand - Site Estaing Pezet, Denis (current) 
Petorin, Caroline (former) 

Germany Klinikum der Ludwig - Maximilian Universitate Munchen Heinemann, Volker 

Medizinische Hochschule Hannover Vogel, Arndt 

Krankenhaus Nordwest Goetze, Thorsten 

Universitaetsklinikum Ulm Seufferlein, Thomas 

Universitaetsklinikum Hamburg - Eppendorf Schulze, Kornelius 

Charite - Universitatsmedizin Berlin CCM Pelzer, Uwe 

Universitaetsklinikum Magdeburg A.o.R. Venerito, Marino 

Universitaetsklinikum Essen Kasper-Virchow, Stefan 

Universitaetsklinikum Koeln Waldschmidt, Dirk Thomas 

Universitaetsklinikum Aachen AOER Berres, Marie-Luise 

Hong Kong Queen Mary Hospital Yau, Thomas 

Queen Elizabeth Hospital Ho, Wang Kwong (current) 

Lam, Ho Ching (former) 

Prince of Wales Hospital Chan, Stephan Lam 

Princess Margaret Hospital Cheng, Ashley 

Pamela Youde Nethersole Eastern Hospital Wong, Chun Yin (current) 

Lee, Wai Man Sarah (former) 

Ireland St Vincent’s University Hospital McDermott, Ray 

Tallaght University Hospital Kelleher, Fergal 

Cork University Hospital Power, Derek 

Israel Sourasky Medical Center Geva, Ravit 

Rabin Medical Center Stemmer, Salomon 

Rambam Health Care Campus - Oncology Division Ben-Aharon, Irit 

Hadassah Ein Karem - Sharett Institute of Oncology Hubert, Ayala 

Italy Aziena Ospedaliero Universitaria Pisana Masi, Gianluca (current) 
Falcone, Alfredo (former) 

Fondazione Policlinico Universitario Campus Bio-Medico Tonini, Giuseppe 

Universita Cattolica del Sacro Cuore - Policlinico Gemelli Tortora, Giampaolo 

A.O. di Rilievo Nazionale e di alta Specializzione Garibaldi Bordonaro, Robert 

ASST Grande Ospedale Metropolitano Niguarda Siena, Salvatore 

AOU di Bologna Policlinico S Orsola Malpighi Brandi, Giovanni 

Azienda Ospedaliera Universitaria di Verona Milella, Michele 

Japan Kyorin University Hospital Mizutani, Tomonori (current) 

Furuse, Junji (former) 

National Hospital Organization Kyushu Cancer Center Sugimoto, Rie (current) 
Furukawa, Masayuki (former) 

Kanagawa Cancer Center Ueno, Makoto 

Aichi Cancer Center Hospital Mizuno, Nobumasa 

National Cancer Center Hospital East Sasaki, Mitsuhito 

The Cancer Institute Hospital of JFCR Ozaka, Masato 

Kyoto University Hospital Kanai, Masashi

Osaka University Hospital Satoh, Taroh

Kagawa University Hospital Tsuji, Akihito 

Kobe City Medical Center General Hospital Yasui, Hisateru 

Malaysia Institute Kanser Negara - National Cancer Institute Wong, Yoke Fui (current) 
Tan, Chih Kiang (former) 

Hospital Kuala Lumpur Jeyasingam, Vaishnavi 

University Malaya Medical Centre Wan Isahk, Wan Zamaniah 

Pantai Hospital Kuala Lumpur Low, John 

Hospital Sultan Ismail Lim, Chun Sen 

Hospital Palau Pinang Tan, Ai Lian 

Netherlands Maastricht University Medical Centre De Vos, Judith 

AMC Klumpen, Heinz 

UMCG de Groot, D.J.A. 

Universitair Mesich Centrum Utrecht Haj Mohammad, Nadia 

Erasmus University Medical Center Eskens, Fredericus 

New Zealand Auckland City Hospital Sasidharan, Rita 

Republic of Korea Asan Medical Center Yoo, Changhoon 

Samsung Medical Center Park, Joon Oh 

Korea University Guro Hospital Oh, Sang Cheul 
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Country/Region Site Name Principal Investigator 

Seoul National University Bundang Hospital Kim, Jin Won 

Kyungpook National University Chilgok Hospital Kim, Jong Gwang 

CHA Bundang Medical Center CHA University Chon, Hong Jae 

Severance Hospital Yonsei University Health System Choi, Hye Jin (current) 

Lee, Choong-kun (former)

Chonnam National University Hwasun Hospital Hwang, Juneul 

Ajou University Hospital, Clinical Research Center Lee, Hyun Woo 

The Catholic University of Korea, Seoul St. Mary’s Hospital Lee, Myung Ah 

Chungnam National University Hospital Ryu, Hyewon 

Spain Hospital Regional Universitario Carlos Haya Ales Diaz, Inmaculada 

Hospital General Universitari Vall d’Hebron Macarulla Mercade, Teresa (current) 
Verdaguer Mata, Helena (former) 

Hospital General Universitario Gregorio Maranon Munoz Martin, Andres Jesús 

Hospital Universitario General de Asturias Jimenez Fonseca, Paula 

Hospital Universitario HM Sanchinarro Cubillo Gracian, Antonio 

Taiwan Chang Gung Medical Foundation, Linkou Chen, Jen-Shi 

National Taiwan University Hospital Hsu, Chiun 

Taipei Veterans General Hospital Chen, Ming-Huang 

China Medical University Hospital Bai, Li-Yuan 

National Cheng Kung University Hospital Yen, Chia-Jui 

Chang Gung Medical Foundation, Kaohsiung Branch Chiu, Tai-Jan 

Thailand Sunpasithiprasong Hospital Juengsamarn, Jitlada 

King Chulalongkorn Memorial Hospital Tanasanvimon, Suebpong 

Srinagarind Hospital Sookprasert, Aumkhae 

Udon Thani Cancer Hospital Butthongkomvong, Kritiya 

Maharaj Nakorn Chiang Mai Hospital Suksombooncharoen, Thatthan 

Sriraj Hospital Soparattanapaisarn, Nopadol 

Ramathibodi Hospital Ngamphaiboon, Nuttapong 

Türkiye Abdurrahman Yutaslan Onkologi Hastanesi Oksuzoglu, Berna 

Göztepe Prof. Dr. Süleyman Yalçın Şehir Hastanesi-oncology Gumus, Mahmut 

Gazi Universitesi Tip Fakultesi Yazici, Ozan 

Hacettepe University Faculty of Medicine Yalcin, Suayib 

Baskent University Adana Training Hospital Kose, Fatih (current) 
Ozyilkan, Ozgur (former) 

Erciyes Universitesi Tip Fakultesi Inanc, Mevlude 

Inonu Universitesi Medical Fakultesi Harputluoglu, Hakan 

Izmir Medical Park Hospital Department of Medical Oncology Arslan, Cagatay 

Istanbul Universitesi Cerrahpasa Tip Fakultesi Ozguroglu, Mustafa 

United Kingom Belfast City Hospital Eatock, Martin 

University Hospital Coventry and Warwickshire NHS Trust Scott-Brown, Martin 

Royal Free London NHS Foundation Trust Gillmore, Roopinder 

Imperial College Healthcare NHS Trust - Hammersmith Hospital Wasan, Harpeet 

Royal Marsden Hospital (Sutton) Starling, Naureen 

Royal Marsden Hospital (Chelsea) Starling, Naureen 

United States of 
America 

University of California San Diego Moores Cancer Center Burgoyne, Adam 

Columbia University Herbert Irving Cancer Center Bates, Susan 

University of Colorado Hospital Davis, Sarah 

Winship Cancer Institute of Emory University Gbolahan, Olumide (current) 

Diab, Maria (former) 
Akce, Mehmet (former) 

University of California Los Angeles - Santa Monica Finn, Richard 

University of Alabama at Birmingham Comprehensive Cancer Center Outlaw, Darryl (current) 

Gbolahan, Olumide (former) 

University of California - San Francisco Kelley, Robin 

Blue Ridge Cancer Care Kochenderfer, Mark 

Laura and Isaac Perlmutter Cancer Center at NYU Langone Health Beri, Nina 

Charleston Oncology Lingerfelt, Brian 

OHSU Center for Health & Healing Lopez, Charles 

Northwest Georgia Oncology Centers PC McCune, Steven 

Saint Francis Health System Yang, Xuezhong 

Yale University Stein, Stacey 

University of Oklahoma - Stephenson Oklahoma Cancer Center Hatoum, Hassan 

Decatur Memorial Hospital Wade, James 

Hartford Hospital Elias, Rawad 
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Figure S1. Multiplicity diagram for alpha re-allocation. The initial alpha allocated to each hypothesis is shown 

under the individual hypotheses. The weights for reallocation should superiority be demonstrated for a hypothesis 

are shown in the boxes on the lines connecting individual hypotheses.
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Figure S2. Kaplan-Meier estimates of progression-free survival assessed per masked independent central 

review in the intention-to-treat population at the final analysis. Tick marks indicate censored data. 
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Figure S3. Kaplan-Meier analyses of duration of response assessed per masked independent central review in 

the intention-to-treat population. Tick marks indicate censored data. 

 

(A) First interim analysis 

 
 

(B) Final analysis 
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Table S1. Central laboratories used in KEYNOTE-966. 
Laboratory Assessment Laboratory Name and Location Supported Regions 

PD-L1 CPS NeoGenomics Laboratories, Inc., Aliso Viejo, 

CA, USA 

Argentina, Australia, Belgium, Brazil, Canada, Chile, 

France, Germany, Hong Kong, Ireland, Israel, Italy, Japan, 

Malaysia, Netherlands, New Zealand, Republic of Korea, 
Spain, Taiwan, Thailand, Türkiye, United Kingdom, USA 

Labcorp Pharmaceutical Research and 

Development (Shanghai) Co., Limited, 

Shanghai, China 

China 

MSI status Almac Diagnostics, LLC, Craigavon, United 

Kingdom 

Argentina, Australia, Belgium, Brazil, Canada, Chile, 

France, Germany, Hong Kong, Ireland, Israel, Italy, Japan, 

Malaysia, Netherlands, New Zealand, Republic of Korea, 
Spain, Taiwan, Thailand, Türkiye, United Kingdom, USA 

Q2 Solutions (Beijing) Co., Ltd., Beijing, China China 

HBV and HCV* PPD Laboratories, Highland Heights, KY, USA Argentina, Brazil, Canada, Chile, USA 

PPD Laboratories, Zaventem, Belgium Belgium, France, Germany, Ireland, Israel, Italy, 

Netherlands, Spain, Türkiye, United Kingdom 

PPD Laboratories, Singapore Australia, Hong Kong, Japan, Malaysia, New Zealand, 

Republic of Korea, Taiwan, Thailand 

Labcorp Pharmaceutical Research and 

Development (Shanghai) Co., Limited, 
Shanghai, China 

China 

HBV=hepatitis B virus. HCV=hepatitis C virus. MSI=microsatellite. PD-L1 CPS=programmed cell death ligand 1 

combined positive score. *HBV and HCV status were tested locally in 13 participants screened for eligibility due to 

limitations related to the COVID-19 pandemic.  
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Table S2. Censoring rules for overall survival, progression-free survival, and duration of response. 
Overall survival Censoring rule 

No death date Censored on the date last known to be alive 

Progression-free survival Date of progression or censoring 

PD or death documented after ≤1 missed disease assessment and 

before new anticancer therapy, if any 

Progressed at date of documented PD or death 

Death or progression immediately after ≥2 consecutive missed 
disease assessments or after new anticancer therapy, if any 

Censored at last disease assessment prior to the earlier date of ≥2 
consecutive missed disease assessments and new anticancer therapy, 

if any 

No PD, no death, and no new anticancer treatment  Censored at last disease assessment 

No PD and no death, but new anticancer treatment is initiated Censored at last disease assessment before new anticancer treatment 

Duration of response Date of progression or censoring  

No progression, no death, and no new anticancer therapy is initiated Censored at last adequate disease assessment 

No progression, no death, but new anticancer therapy is initiated Censored at last adequate disease assessment before new anticancer 

therapy initiated 

Death or progression immediately after ≥2 consecutive missed 

disease assessments or after new anticancer therapy, if any 

Censored at earlier date of last adequate disease assessment prior to 

≥2 missed adequate disease assessments and new anticancer therapy, 
if any 

Death or progression after ≤1 missed disease assessment and before 

new anticancer therapy, if any 

Event at date of documented PD or death 

A missed disease assessment includes any assessment that is not obtained or is considered inadequate for evaluation 

of response. PD=progressive disease.  
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Table S3. Number of cycles administered for each component of study treatment in treated participants at the 

final analysis  
 Pembrolizumab plus gemcitabine and cisplatin (n=529) Placebo plus gemcitabine and cisplatin (n=534) 

Pembrolizumab Gemcitabine Cisplatin Placebo Gemcitabine Cisplatin 

Median (IQR) 9·0 (4·0-15·0) 8·0 (4·0-13·0) 7·0 (4·0-8·0) 8·0 (4·0-14·0) 8·0 (4·0-12·0) 7·0 (4·0-8·0) 

≥1 529 (100%) 529 (100%) 527 (<100%) 534 (100%) 534 (100%) 534 (100%) 

≥2 490 (93%) 492 (93%) 486 (92%) 498 (93%) 499 (93%) 499 (93%) 

≥3 458 (87%) 460 (87%) 450 (85%) 462 (87%) 467 (87%) 464 (87%) 

≥4 422 (80%) 426 (81%) 417 (79%) 419 (78%) 420 (79%) 415 (78%) 

≥5 388 (73%) 392 (74%) 381 (72%) 377 (71%) 377 (71%) 372 (70%) 

≥6 359 (68%) 359 (68%) 346 (65%) 354 (66%) 356 (67%) 347 (65%) 

≥7 319 (60%) 315 (60%) 294 (56%) 319 (60%) 313 (59%) 299 (56%) 

≥8 302 (57%) 289 (55%) 257 (49%) 297 (56%) 285 (53%) 257 (48%) 

≥9 273 (52%) 229 (43%) 1 (<1%) 254 (48%) 209 (39%) 4 (1%) 

≥10 248 (47%) 209 (40%) 1 (<1%) 223 (42%) 184 (34%) 2 (<1%) 

≥12 206 (39%) 171 (32%) 0 175 (33%) 143 (27%) 0 

≥14 156 (29%) 128 (24%) 0 135 (25%) 102 (19%) 0 

≥16 129 (24%) 102 (19%) 0 112 (21%) 85 (16%) 0 

≥18 101 (19%) 81 (15%) 0 93 (17%) 74 (14%) 0 

≥20 84 (16%) 61 (12%) 0 82 (15%) 65 (12%) 0 

≥22 69 (13%) 48 (9%) 0 65 (12%) 49 (9%) 0 

≥24 64 (12%) 43 (8%) 0 51 (10%) 39 (7%) 0 

≥26 55 (10%) 35 (7%) 0 45 (8%) 34 (6%) 0 

≥28 41 (8%) 25 (5%) 0 31 (6%) 26 (5%) 0 

≥30 35 (7%) 22 (4%) 0 26 (5%) 22 (4%) 0 

≥32 28 (5%) 17 (3%) 0 21 (4%) 19 (4%) 0 

≥34 24 (5%) 13 (2%) 0 16 (3%) 11 (2%) 0 

≥35 20 (4%) 10 (2%) 0 13 (2%) 9 (2%)  0 
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Table S4. Summary of subsequent anticancer therapy in the intention-to-treat population at the final analysis  
 Pembrolizumab plus chemotherapy (n=533) Placebo plus chemotherapy (n=536) 

Any subsequent anticancer therapy* 253 (47%) 261 (49%) 

Chemotherapy 230 (43%) 230 (43%) 

Immune checkpoint inhibitor 26 (5%) 38 (7%) 

Targeted therapy 6 (1%) 18 (3%) 

Other 43 (8%) 50 (9%) 

Data are n (%). *Participants may have received ≥1 subsequent anticancer therapy. 
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Table S5. Summary of response in the intention-to-treat population at the final analysis  
 Pembrolizumab plus gemcitabine and 

cisplatin (n=533) 

Placebo plus gemcitabine and cisplatin 

(n=536) 

Objective response rate 156 (29% [25-33]) 152 (28% [25-32]) 

Disease control rate 399 (75 [71-79]) 405 (76% [72-79]) 

Best overall response  

Complete response 14 (3%) 9 (2%) 

Partial response 142 (27%) 143 (27%) 

Stable disease* 243 (46%) 253 (47%) 

Progressive disease 104 (20%) 97 (18%) 

Not evaluable† 8 (2%) 11 (2%) 

Not assessed‡ 22 (4%) 23 (4%) 

Time to response, months 2·8 (1·5-4·2) 2·8 (1·5-4·2) 

Duration of response,§ months 8·3 (6·9-10·2) 6·8 (5·7-7·1) 

Extended duration of response§   

≥3 months 94% 90% 

≥6 months 65% 55% 

≥9 months 46% 36% 

≥12 months 38% 27% 

≥15 months 28% 18% 

≥18 months 24% 14% 

≥21 months 21% 8% 

≥24 months 18% 6% 

Data are n (% [95% CI]), n (%), median (IQR) (for time to response), median (95% CI) (for duration of response), 

or %. *Stable disease includes participants with stable disease, non-complete response or non-progressive disease, 

and no evidence of disease. †Not evaluable includes participants whose post-baseline imaging assessments were not 

evaluable for best overall response. ‡Not assessed includes participants for whom no post-baseline imaging 

assessments were available. §Estimated using the Kaplan-Meier method.  
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Table S6. Treatment-related adverse events that occurred in ≥5% of participants either treatment group in 

the safety population at the final analysis 
 Pembrolizumab plus gemcitabine and cisplatin 

group (n=529) 

Placebo plus gemcitabine and cisplatin group 

(n=534) 

Grade 1-2 Grade 3 Grade 4 Grade 5 Grade 1-2 Grade 3 Grade 4 Grade 5 

Any event 116 (22%) 248 (47%) 121 (23%) 8 (2%) 130 (24%) 255 (48%) 112 (21%) 3 (1%) 

Decreased neutrophil count 74 (14%) 158 (30%) 89 (17%) 0 74 (14%) 167 (31%) 79 (15%) 0 

Anaemia 155 (29%) 122 (23%) 1 (<1%) 0 138 (26%) 127 (24%) 4 (1%) 0 

Decreased platelet count 114 (22%) 55 (10%) 30 (6%) 0 98 (18%) 66 (12%) 33 (6%) 0 

Nausea 188 (36%) 7 (1%) 0 0 210 (39%) 9 (2%) 0 0 

Fatigue 133 (25%) 20 (4%) 1 (<1%) 0 129 (24%) 18 (3%) 0 0 

Decreased white blood cell 
count 

78 (15%) 57 (11%) 4 (1%) 0 78 (15%) 43 (8%) 3 (1%) 0 

Decreased appetite 96 (18%) 6 (1%) 1 (<1%) 0 98 (18%) 6 (1%) 0 0 

Vomiting 79 (15%) 7 (1%) 0 0 97 (18%) 4 (1%) 0 0 

Constipation 84 (16%) 1 (<1%) 0 0 73 (14%) 1 (<1%) 0 0 

Rash 70 (13%) 3 (1%) 0 0 35 (7%) 2 (<1%) 0 0 

Increased alanine 
aminotransferase 

50 (9%) 6 (1%) 0 0 68 (13%) 3 (1%) 0 0 

Pyrexia 53 (10%) 2 (<1%) 0 0 35 (7%) 0 0 0 

Alopecia 53 (10%) 0 0 0 65 (12%) 0 0 0 

Diarrhoea 48 (9%) 5 (1%) 0 0 52 (10%) 3 (1%) 0 0 

Pruritus 52 (10%) 0 0 0 31 (6%) 0 0 0 

Asthenia 44 (8%) 7 (1%) 0 0 66 (12%) 15 (3%) 0 0 

Hypomagnesaemia 45 (9%) 4 (1%) 0 0 56 (10%) 5 (1%) 0 0 

Increased aspartate 

aminotransferase 

41 (8%) 4 (1%) 0 0 51 (10%) 8 (1%) 1 (<1%) 0 

Hypothyroidism 40 (8%) 1 (<1%) 0 0 11 (2%) 0 0 0 

Increased blood creatinine 38 (7%) 1 (<1%) 0 0 39 (7%) 0 0 0 

Peripheral oedema 31 (6%) 0 0 0 28 (5%) 4 (<1%) 0 0 

Malaise 29 (5%) 1 (<1%) 0 0 27 (5%) 0 0 0 

Dysgeusia 29 (5%) 0 0 0 26 (5%) 1 (<1%) 0 0 

Leukopenia 14 (3%) 9 (2%) 2 (<1%) 0 6 (1%) 5 (1%) 1 (<1%) 0 

Mucosal inflammation 22 (4%) 2 (<1%) 0 0 22 (4%) 1 (<1%) 0 0 

Peripheral sensory 

neuropathy 

22 (4%) 2 (<1%) 0 0 21 (4%) 0 0 0 

Decreased lymphocyte 

count 

14 (3%) 5 (1%) 1 (<1%) 0 17 (3%) 9 (2%) 1 (<1%) 0 

Stomatitis 16 (3%) 3 (1%) 0 0 25 (5%) 2 (<1%) 0 0 

Data are n (%).  
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Table S7. Adverse events that led to death in the as-treated population at the final analysis 
 Pembrolizumab plus gemcitabine and cisplatin 

group (n=529) 

Placebo plus gemcitabine and cisplatin group 

(n=534) 

Any cause Treatment 

related 

Immune 

mediated 

Any cause Treatment 

related 

Immune 

mediated 

Any death 31 (6%) 8 (2%) 1 (<1%) 49 (9%) 3 (1%) 0 

Pneumonia 4 (1%) 0 0 0 0 0 

Death 3 (1%) 0 0 5 (1%) 0 0 

Sepsis 3 (1%) 0 0 6 (1%) 1 (<1%) 0 

Biliary tract infection 2 (<1%) 0 0 0 0 0 

Euthanasia 2 (<1%) 0 0 1 (<1%) 0 0 

Abdominal abscess 1 (<1%) 1 (<1%) 0 0 0 0 

Abdominal infection  1 (<1%) 0 0 0 0 0 

COVID-19 1 (<1%) 0 0 4 (1%) 0 0 

Cardiac arrest 1 (<1%) 0 0 0 0 0 

Cholangitis 1 (<1%) 1 (<1%)  0 0 0 

Fungal sepsis 1 (<1%) 0 0 0 0 0 

Gastrointestinal 
haemorrhage 

1 (<1%) 0 0 0 0 0 

Haemorrhagic shock 1 (<1%) 0 0 0 0 0 

Lower respiratory tract 

infection 

1 (<1%) 1 (<1%) 0 0 0 0 

Malignant neoplasm 

progression 

1 (<1%) 1 (<1%) 0 0 0 0 

Myocardial infarction 1 (<1%) 1 (<1%) 0 0 0 0 

Pneumocystis jirovecii 
pneumonia 

1 (<1%) 0 0 0 0 0 

Pneumonia aspiration 1 (<1%) 0 0 0 0 0 

Pneumonia viral 1 (<1%) 1 (<1%) 0 0 0 0 

Pneumonitis 1 (<1%) 1 (<1%) 1 (<1%) 0 0 0 

Pulmonary embolism 1 (<1%) 0 0 3 (1%) 0 0 

Septic shock 1 (<1%) 1 (<1%) 0 1 (<1%) 0 0 

Acute kidney injury 0 0 0 2 (<1%) 0 0 

Acute myocardial 

infection 

0 0 0 1 (<1%) 0 0 

Biliary sepsis 0 0 0 1 (<1%) 0 0 

COVID-19 pneumonia 0 0 0 2 (<1%) 0 0 

Cerebral haemorrhage 0 0 0 1 (<1%) 0 0 

Cerebral infarction 0 0 0 3 (1%) 0 0 

Cerebral venous sinus 

thrombosis 

0 0 0 1 (<1%) 0 0 

Cholangitis infective 0 0 0 1 (<1%) 0 0 

Cholecystitis 0 0 0 1 (<1%) 0 0 

Diarrhoea 0 0 0 1 (<1%) 0 0 

Hepatic infection 0 0 0 1 (<1%) 0 0 

Hepatorenal syndrome 0 0 0 1 (<1%) 1 (<1%) 0 

Ileus 0 0 0 1 (<1%) 0 0 

Liver abscess 0 0 0 2 (<1%) 0 0 

Lung abscess 0 0 0 1 (<1%) 0 0 

Oesophageal varices 

haemorrhage 

0 0 0 1 (<1%) 0 0 

Pneumococcal sepsis 0 0 0 1 (<1%) 0 0 

Pneumonia acinebacter 0 0 0 1 (<1%) 0 0 

Pneumonia bacterial 0 0 0 1 (<1%) 0 0 

Post procedural 

complication 

0 0 0 1 (<1%) 0 0 

Respiratory failure 0 0 0 1 (<1%) 0 0 

Spontaneous bacteria 

peritonitis 

0 0 0 1 (<1%) 0 0 

Upper gastrointestinal 
haemorrhage 

0 0 0 2 (<1%) 1 (<1%) 0 

Data are n (%). Treatment relatedness was determined by the investigator. Potentially immune-mediated adverse 

events and infusion reactions were based on a list of terms prepared by the sponsor and were considered regardless 

of attribution to trial treatment by the investigator; in addition to the specific preferred terms listed, related terms 

were included. 

  



 

15 

 

Table S8. Potentially immune-mediated adverse events and infusion reactions in the as-treated population at 

the final analysis 
 Pembrolizumab plus gemcitabine and cisplatin 

group (n=529) 

Placebo plus gemcitabine and cisplatin group  

(n=534) 

Grade 1-2 Grade 3 Grade 4 Grade 5 Grade 1-2 Grade 3 Grade 4 Grade 5 

Any event 79 (15%) 35 (7%) 2 (<1%) 1 (<1%) 48 (9%) 18 (3%) 3 (1%) 0 

Hypothyroidism  45 (9%) 1 (<1%) 0 0 14 (3%) 0 0 0 

Pneumonitis  20 (4%) 5 (1%) 0 1 (<1%) 9 (2%) 0 1 (<1%) 0 

Hyperthyroidism 18 (3%) 1 (<1%) 0 0 10 (2%) 0 0 0 

Colitis  4 (1%) 4 (1%) 1 (<1%) 0 4 (1%) 2 (<1%) 0 0 

Severe skin reactions  0 10 (2%) 0 0 0 3 (1%) 0 0 

Hepatitis  4 (1%) 5 (1%) 0 0 0 6 (1%) 1 (<1%) 0 

Infusion reactions 6 (1%) 2 (<1%) 0 0 6 (1%) 0 0 0 

Pancreatitis  1 (<1%) 3 (1%) 0 0 2 (<1%) 3 (1%) 1 (<1%) 0 

Adrenal insufficiency  2 (<1%) 1 (<1%) 0 0 1 (<1%) 1 (<1%) 0 0 

Thyroiditis  3 (1%) 0 0 0 0 0 0 0 

Encephalitis  0 2 (<1%) 0 0 0 0 0 0 

Hypophysitis  1 (<1%) 1 (<1%) 0 0 1 (<1%) 1 (<1%) 0 0 

Nephritis  2 (<1%) 0 0 0 1 (<1%) 0 0 0 

Vasculitis  2 (<1%) 0 0 0 1 (<1%) 0 0 0 

Myasthenic syndrome  0 0 1 (<1%) 0 0 1 (<1%) 0 0 

Myocarditis  0 0 1 (<1%) 0 0 1 (<1%) 0 0 

Myositis  1 (<1%) 0 0 0 0 0 0 0 

Hypoparathyroidism  0 0 0 0 1 (<1%) 0 0 0 

Uveitis  0 0 0 0 2 (<1%) 0 0 0 

Data are n (%). Potentially immune-mediated adverse events and infusion reactions were based on a list of terms 

prepared by the sponsor and were considered regardless of attribution to trial treatment by the investigator; in 

addition to the specific preferred terms listed, related terms were included. 
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Table S9. Use of corticosteroids for the treatment of potentially immune-mediated adverse events and 

infusion reactions in participants in the safety population who experienced an event at the final analysis 
 Pembrolizumab plus gemcitabine and cisplatin 

group 

Placebo plus gemcitabine and cisplatin group 

High starting 

dose* 

Low starting 

dose† 

Not treated High starting 

dose* 

Low starting 

dose† 

Not treated 

Adrenal insufficiency 1/3 (33%) 1/3 (33%) 1/3 (33%) 0 1/2 (50%) 1/2 (50%) 

Colitis 5/9 (56%) 1/9 (11%) 3/9 (33%) 4/6 (67%) 0 2/6 (33%) 

Encephalitis 2/2 (100%) 0 0 0 0 0 

Hepatitis 5/9 (57%) 2/9 (22%) 2/9 (22%) 7/7 (100%) 0 0 

Hyperthyroidism 1/19 (5%) 0 18/19 (95%) 0 0 10/10 (100%) 

Hypoparathyroidism 0 0 0 0 0 1/1 (100%) 

Hypophysitis 0 1/2 (50%) 1/2 (50%) 1/2 (50%) 1/2 (50%) 0 

Hypothyroidism 1/46 (2%) 0 45/46 (98%) 0 0 14/14 (100%) 

Infusion reactions 4/8 (50%) 1/8 (13%) 3/8 (38%) 2/6 (33%) 1/6 (17%) 3/6 (50%) 

Myasthenic syndrome 1/1 (100%) 0 0 1/1 (100%) 0 0 

Myocarditis 1/1 (100%) 0 0 0 1/1 (100%) 0 

Myositis 0 0 1/1 (100%) 0 0 0 

Nephritis 1/2 (50%) 1/2 (50%) 0 1/1 (100%) 0 0 

Pancreatitis 2/4 (50%) 0 2/4 (50%) 0 0 6/6 (100%) 

Pneumonitis 11/26 (42%) 6/26 (23%) 9/26 (35%) 4/10 (40%) 1/10 (10%) 5/10 (50%) 

Severe skin reactions 4/10 (40%) 2/10 (20%) 4/10 (40%) 1/3 (33%) 1/3 (33%) 1/3 (33%) 

Thyroiditis 0 0 3/3 (100%) 0 0 0 

Uveitis 0 0 0 0 0 2/2 (100%) 

Vasculitis 0 0 2/2 (100%) 0 0 1/1 (100%) 

Data are no. of participants treated with corticosteroids/no. of participants with the event (%). *A high starting dose 

of corticosteroids was defined as ≥40 mg/day prednisone or equivalent. †A low starting dose of corticosteroids was 

defined as <40 mg/day prednisone or equivalent. 

 

 



This protocol may have been redacted to remove any information that is proprietary to Merck & 

Co., Inc., Rahway, NJ, USA. 

 

This report may include approved and non-approved uses, formulations, or treatment regimens. 

The results reported may not reflect the overall profile of a product. Before prescribing any 

product mentioned in this report, healthcare professionals should consult local prescribing 

information for the product approved in their country. 

 

Copyright © 2023 Merck & Co., Inc., Rahway, NJ, USA and its affiliates. All rights reserved.  

Not for regulatory or commercial use. 
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1 PROTOCOL SUMMARY

1.1 Synopsis

Protocol Title: A Phase 3 Randomized, Double Blind Study of Pembrolizumab Plus 
Gemcitabine/Cisplatin versus Placebo Plus Gemcitabine/Cisplatin as First-Line Therapy in 
Participants with Advanced and/or Unresectable Biliary Tract Carcinoma

Short Title: Pembrolizumab or Placebo Plus Gemcitabine/Cisplatin for First-Line Advanced
and/or Unresectable BTC

Acronym: KEYNOTE-966

Hypotheses, Objectives, and Endpoints:

In first-line therapy for participants with advanced and/or unresectable biliary tract 
carcinoma:

Although the original RECIST 1.1 publication recommends a maximum of 5 target lesions in 
total and 2 per organ, throughout this protocol, the term RECIST 1.1 refers to an adjustment
of RECIST 1.1 to allow a maximum of 10 target lesions in total and 5 per organ. Refer to 
Section 4.2.2.2 for further details.

Primary Objectives Primary Endpoints

- Objective: To compare overall survival 
(OS) between pembrolizumab plus 
gemcitabine/cisplatin and placebo plus 
gemcitabine/cisplatin

- Hypothesis (H1): Pembrolizumab plus 
gemcitabine/cisplatin is superior to placebo 
plus gemcitabine/cisplatin with respect to OS

- OS: the time from randomization to death 
due to any cause

Secondary Objectives Secondary Endpoints

- Objective: To compare progression-free 
survival (PFS) per RECIST 1.1 as assessed 
by blinded independent central review 
(BICR) between pembrolizumab plus 
gemcitabine/cisplatin and placebo plus 
gemcitabine/cisplatin

- Hypothesis (H2): Pembrolizumab plus 
gemcitabine/cisplatin is superior to placebo 
plus gemcitabine/cisplatin with respect to 
PFS per RECIST 1.1 by BICR

- PFS: the time from randomization to the 
first documented PD per RECIST 1.1 by 
BICR, or death due to any cause, 
whichever occurs first
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- Objective: To compare objective response 
rate (ORR) per RECIST 1.1 as assessed by 
BICR between pembrolizumab plus 
gemcitabine/cisplatin and placebo plus 
gemcitabine/cisplatin

- Hypothesis (H3): Pembrolizumab plus 
gemcitabine/cisplatin is superior to placebo 
plus gemcitabine/cisplatin with respect to 
ORR per RECIST 1.1 as assessed by BICR

- Objective Response (OR): complete 
response (CR) or partial response (PR)

- Objective: To evaluate duration of response 
(DOR) per RECIST 1.1 as assessed by BICR

- DOR: for participants who demonstrate 
confirmed CR or PR, the time from the 
first documented evidence of CR or PR 
until disease progression or death due to 
any cause, whichever occurs first

- Objective: To evaluate the safety and 
tolerability profile of pembrolizumab plus 
gemcitabine/cisplatin

- Adverse events (AEs)

- Study intervention discontinuations due 
to AEs

Overall Design:

Study Phase Phase 3

Primary Purpose Treatment

Indication Biliary Tract Carcinoma

Population Participants with Advanced and/or Unresectable Biliary Tract 
Carcinoma (Intrahepatic, Extrahepatic, or Gallbladder)

Study Type Interventional

Intervention Model Parallel

This is a multi-site study.

Type of Control Placebo

Study Blinding Double-blind with in-house blinding

Masking Sponsor

Investigator

Participant
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Estimated Duration 
of Study

The Sponsor estimates that the study will require approximately 38
months from the time the first participant (or their legally acceptable 
representative) provides documented informed consent until the last 
participant’s last study-related contact.

Extension Portion of the Study in China: The study may remain 
open longer than 38 months to complete a potential extension 
portion of the study in China.

Number of Participants:

Approximately 1048 participants will be randomized 1:1 with approximately 524 participants 
in each arm to the global portion of this study. After enrollment of the global portion of the 
study is complete, the study may remain open to enrollment in China alone until 
approximately 158 participants from China have been enrolled to meet local regulatory 
requirements.

Intervention Groups and Duration:

Intervention 
Groups Inter-

vention 
Group 
Name Drug

Dose 
Strength

Dose 
Frequency

Route of 
Adminis-

tration

Regimen/ 
Treatment 

Period/ 
Vaccination 

Regimen Use

Arm A

Pembrolizumab 200 mg Q3W IV Infusion

Day 1 of each 
cycle for up to 

35 
administrations

Experimental

Gemcitabine 1000 mg/m2 Q3W IV Infusion

Day 1 and Day 
8 of each cycle 

until PD or 
unacceptable 

toxicity

Background 
Treatment

Cisplatin 25 mg/m2 Q3W IV Infusion

Day 1 and Day 
8 of each cycle 

for up to 8 
cycles

Background 
Treatment

Arm B

Placebo N/A Q3W IV Infusion

Day 1 of each 
cycle for up to 

35 
administrations

Experimental

Gemcitabine 1000 mg/m2 Q3W IV Infusion

Day 1 and Day 
8 of each cycle 

until PD or 
unacceptable 

toxicity

Background 
Treatment

Cisplatin 25 mg/m2 Q3W IV Infusion

Day 1 and Day 
8 of each cycle 

for up to 8 
cycles

Background 
Treatment

Abbreviations: IV=intravenous, PD=disease progression, Q3W=every 3 weeks

Other current or former name(s) or alias(es) for study intervention(s) are as 
follows: Pembrolizumab, MK-3475
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Total Number
of Intervention 
Groups/ Arms

2 arms

Duration of 
Participation

Each participant will participate in the study from the time the participant 
provides documented informed consent through the final protocol-
specified contact.

After a screening phase of up to 28 days, each participant will be assigned 
to receive study intervention until one of the conditions for discontinuation 
of study intervention is met. Participants who complete study intervention 
after receiving 35 administrations of pembrolizumab and without disease 
progression or intolerability, or participants who attain a complete response 
and stop study intervention with pembrolizumab may be eligible for up to 
17 additional administrations of pembrolizumab (approximately 1 year) 
upon experiencing disease progression.

After the end of treatment, each participant will be followed for the 
occurrence of adverse events and spontaneously reported pregnancy.

Participants who discontinue study intervention for reasons other than 
radiographic disease progression will have post-intervention follow-up 
imaging for disease status until any of the conditions for discontinuation of 
imaging are met.

All participants will be followed for overall survival until death, 
withdrawal of consent, or the end of the study.

Once the study has ended, the participant is discontinued from this study 
and may be enrolled in an extension study to continue protocol-defined 
assessments and treatment.

Study Governance Committees:

Steering Committee No

Executive Oversight Committee Yes

Data Monitoring Committee Yes

Clinical Adjudication Committee No

Study governance considerations are outlined in Appendix 1.

Study Accepts Healthy Volunteers: No

A list of abbreviations used in this document can be found in Appendix 11.
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1.2 Schema

The study design is depicted in Figure 1.

Figure 1 Study Schema

Abbreviations: ECOG=Eastern Cooperative Oncology Group; IV=intravenous; max = maximum; 
PD=progressive disease; Q3W=every 3 weeks

0880QN



PRODUCT: MK-3475  20

PROTOCOL/AMENDMENT NO.: 966-06

MK-3475-966-06 FINAL PROTOCOL 16-JUN-2022

1.3 Schedule of Activities (SoA)

1.3.1 Schedule of Activities Initial Intervention Phase

Table 1 Study Schedule of Activities – Initial Intervention

Study Period
Screen

ing
Phasea

Study Intervention Phase
21-Day Cycles EOI Post-Intervention Notes

Intervention Cycle(s)
Cycle

1

Cycle

2

Cycles 3 to last
Cycle Safety 

FUb
(Efficacy)

FU
Survival 

FU
Day D1 D8 D1 D8 D1 D8

Scheduling Window 
(Days):

–28 to 
–1

±3 ±3 ±3 ±3 ±3
At 

Time 
of D/C

30 Days 
After 

Last Dose 
(+ 7 days)

Q6W or 
Q12W

(± 7 days)

Q12W 
(± 7 days)

Administrative and General Procedures

Informed Consent X

Documented informed consent can be 
obtained at any time before any 
protocol-specific screening procedures 
being performed.

If the investigator recommends 
continuation of study intervention
beyond disease progression, the 
participant or their legally acceptable 
representative will be asked to provide 
documented informed consent.

Informed Consent for 
Future Biomedical 
Research

X

Participation in FBR is optional, but 
documented informed consent is 
mandatory if participating and should 
be performed before obtaining samples
for FBR (refer to Section 8.9).

Inclusion/ Exclusion 
Criteria

X
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Study Period
Screen

ing
Phasea

Study Intervention Phase
21-Day Cycles EOI Post-Intervention Notes

Intervention Cycle(s)
Cycle

1

Cycle

2

Cycles 3 to last
Cycle Safety 

FUb
(Efficacy)

FU
Survival 

FU
Day D1 D8 D1 D8 D1 D8

Scheduling Window 
(Days):

–28 to 
–1

±3 ±3 ±3 ±3 ±3
At 

Time 
of D/C

30 Days 
After 

Last Dose 
(+ 7 days)

Q6W or 
Q12W

(± 7 days)

Q12W 
(± 7 days)

Participant ID Card X X
Update ID card at randomization visit 
with randomization number.

Demographics X

Medical/Surgical 
Histories (including 
investigator-assessed 
risk factor for biliary 
cancer, smoking and 
alcohol use)

X

Smoking and alcohol use will be 
collected on eCRF. Investigators will be 
asked to enter biliary cancer risk factors 
(gallstones, infections, autoimmune 
diseases, cirrhosis, primary sclerosing
cholangitis, and others/unknown).

Prior and Concomitant 
Medication Review

X X X X X X X X X

Record all prior medications taken 
within 28 days before C1D1. Enter new 
medications started during the study 
through the Safety Follow-up. Record 
concomitant medications beyond 
30 days after treatment discontinuation 
if related to SAE or ECI.

Note: All corticosteroid use must be 
reported.

CM review on Day 8 is not required 
after both chemotherapy agents 
(gemcitabine/ cisplatin) are 
permanently discontinued.
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Study Period
Screen

ing
Phasea

Study Intervention Phase
21-Day Cycles EOI Post-Intervention Notes

Intervention Cycle(s)
Cycle

1

Cycle

2

Cycles 3 to last
Cycle Safety 

FUb
(Efficacy)

FU
Survival 

FU
Day D1 D8 D1 D8 D1 D8

Scheduling Window 
(Days):

–28 to 
–1

±3 ±3 ±3 ±3 ±3
At 

Time 
of D/C

30 Days 
After 

Last Dose 
(+ 7 days)

Q6W or 
Q12W

(± 7 days)

Q12W 
(± 7 days)

Randomization and 
Study Treatment 
Assignment via IRT

X

Randomization must be completed 
within 3 days before C1D1 and after 
confirmation of eligibility.

All procedures and assessments on 
C1D1 should be performed after 
randomization.

Subsequent 
Antineoplastic
Treatment Status

X X X

All anticancer therapy will be recorded 
until time of death or termination of 
survival follow-up.

If a clinic visit is not feasible, follow-up 
information may be obtained via other 
means of contact (eg, telephone, video 
call, mail or email).

Survival (Vital) Status
Upon Sponsor request, participants may 
be contacted for survival (vital) status at 
any time during the course of the study.

Administration of Study Intervention

Pembrolizumab or
Placebo 

X X X

Pembrolizumab 200 mg IV Q3W or 
placebo (normal saline) IV Q3W for up 
to 35 administrations. Refer to 
Section 8.1.8.1. for timing and order of 
dose administration.
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Study Period
Screen

ing
Phasea

Study Intervention Phase
21-Day Cycles EOI Post-Intervention Notes

Intervention Cycle(s)
Cycle

1

Cycle

2

Cycles 3 to last
Cycle Safety 

FUb
(Efficacy)

FU
Survival 

FU
Day D1 D8 D1 D8 D1 D8

Scheduling Window 
(Days):

–28 to 
–1

±3 ±3 ±3 ±3 ±3
At 

Time 
of D/C

30 Days 
After 

Last Dose 
(+ 7 days)

Q6W or 
Q12W

(± 7 days)

Q12W 
(± 7 days)

Gemcitabine X X X X X X

1000 mg/m2 IV on Day 1 and Day 8 
Q3W until PD or unacceptable toxicity. 
Refer to Section 8.1.8.1. for timing and 
order of dose administration.

Cisplatin X X X X

X

(Up to 
Cycle 

8)

X

(Up to 
Cycle 

8)

25 mg/m2 IV on Day 1 and Day 8 Q3W 
for up to 8 cycles. Refer to 
Section 8.1.8.1. for timing and order of 
dose administration.

Efficacy Procedures

Tumor Imaging – (CT 
of the chest, CT or MRI 
of the abdomen and 
pelvis)

X X X

On study imaging assessment must be 
performed 6 weeks (42 days +7 days) 
from the date of randomization. 
Subsequent tumor imaging should be 
performed every 6 weeks (42 days 
±7 days) through Week 54. Participants 
who remain on treatment beyond 
Week 54 will have imaging performed 
every 12 weeks (84 days ±7 days). All 
imaging assessments should follow 
calendar days and not be adjusted for 
cycle delays.

Imaging at EOI is not required if the 
previous tumor imaging assessment was 
within 4 weeks before the EOI visit.

Refer to Section 8.2.1 for additional 
details for tumor imaging assessment.
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Study Period
Screen

ing
Phasea

Study Intervention Phase
21-Day Cycles EOI Post-Intervention Notes

Intervention Cycle(s)
Cycle

1

Cycle

2

Cycles 3 to last
Cycle Safety 

FUb
(Efficacy)

FU
Survival 

FU
Day D1 D8 D1 D8 D1 D8

Scheduling Window 
(Days):

–28 to 
–1

±3 ±3 ±3 ±3 ±3
At 

Time 
of D/C

30 Days 
After 

Last Dose 
(+ 7 days)

Q6W or 
Q12W

(± 7 days)

Q12W 
(± 7 days)

Clinical Procedures or Assessments

Adverse Event 
Monitoring

X X X X X X X X X X

AEs: monitored up to 30 days after last 
dose.

SAEs: monitored up to 90 days after 
last dose, or 30 days after last dose if 
participant starts a new anticancer 
therapy, whichever occurs first.

AE review on Day 8 is not required 
after both chemotherapy agents 
(gemcitabine/cisplatin) are permanently 
discontinued.

Full Physical 
Examination

X X
Perform within 14 days before the start 
of study intervention.

Directed Physical 
Examination

X X X X X X X

Conduct on Day 1 and Day 8 of each 
cycle before administration of study 
intervention.

Conducting within 1 day before 
administration of study intervention is 
acceptable.

Note: Day 8 directed physical 
examination is not required after both 
chemotherapy agents (gemcitabine/
cisplatin) are permanently discontinued.

0880QN



PRODUCT: MK-3475  25

PROTOCOL/AMENDMENT NO.: 966-06

MK-3475-966-06 FINAL PROTOCOL 16-JUN-2022

Study Period
Screen

ing
Phasea

Study Intervention Phase
21-Day Cycles EOI Post-Intervention Notes

Intervention Cycle(s)
Cycle

1

Cycle

2

Cycles 3 to last
Cycle Safety 

FUb
(Efficacy)

FU
Survival 

FU
Day D1 D8 D1 D8 D1 D8

Scheduling Window 
(Days):

–28 to 
–1

±3 ±3 ±3 ±3 ±3
At 

Time 
of D/C

30 Days 
After 

Last Dose 
(+ 7 days)

Q6W or 
Q12W

(± 7 days)

Q12W 
(± 7 days)

Audiometry X
Perform at Screening, or as required per 
local standard, repeat if clinically 
indicated.

Vital Signs and Weight X X X X X X X X X

Refer to Section 8.3.3, vital signs 
include blood pressure, pulse rate, 
respiratory rate, and temperature.

Conducting within 1 day before 
administration of study intervention is 
acceptable.

Note: Day 8 vital signs and weight are 
not required after both chemotherapy 
agents (gemcitabine/cisplatin) are 
permanently discontinued.

Height X

12-lead ECG X

Perform single 12-lead ECG. 
Participants must be in the recumbent 
position for a period of 5 minutes 
before the ECG.
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Study Period
Screen

ing
Phasea

Study Intervention Phase
21-Day Cycles EOI Post-Intervention Notes

Intervention Cycle(s)
Cycle

1

Cycle

2

Cycles 3 to last
Cycle Safety 

FUb
(Efficacy)

FU
Survival 

FU
Day D1 D8 D1 D8 D1 D8

Scheduling Window 
(Days):

–28 to 
–1

±3 ±3 ±3 ±3 ±3
At 

Time 
of D/C

30 Days 
After 

Last Dose 
(+ 7 days)

Q6W or 
Q12W

(± 7 days)

Q12W 
(± 7 days)

ECOG Performance 
Status

X X X X X X X X X

If ECOG is performed before dosing on 
C1D1, then Screening ECOG is not 
mandatory.

Should be assessed before dosing at 
treatment visits. Conducting within 1 
day before administration of study 
intervention is acceptable.

Note: Day 8 ECOG PS will not be 
performed after both chemotherapy 
agents (gemcitabine/cisplatin) are 
permanently discontinued.
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Study Period
Screen

ing
Phasea

Study Intervention Phase
21-Day Cycles EOI Post-Intervention Notes

Intervention Cycle(s)
Cycle

1

Cycle

2

Cycles 3 to last
Cycle Safety 

FUb
(Efficacy)

FU
Survival 

FU
Day D1 D8 D1 D8 D1 D8

Scheduling Window 
(Days):

–28 to 
–1

±3 ±3 ±3 ±3 ±3
At 

Time 
of D/C

30 Days 
After 

Last Dose 
(+ 7 days)

Q6W or 
Q12W

(± 7 days)

Q12W 
(± 7 days)

Local Laboratory Procedures and Assessmentsc

Pregnancy Test 
(WOCBP only)d X X X X X X

Assess within 24 hours (urine) or 
72 hours (serum) before study 
intervention administration on Day 1 of 
each cycle. If pregnancy testing during 
the Screening Phase occurs within
24 hours (urine) or 72 hours (serum) 
before the first dose, it does not have to 
be repeated at C1D1. In regions where 
required via documented regulatory 
request (and subsequently approved by 
the Sponsor), pregnancy tests within 
24 hours prior to treatment allocation
will be required.

During the Post-Intervention Phase, 
perform a serum or urine pregnancy test 
approximately 240 days after the last 
dose of chemotherapy or 150 days after 
the last dose of pembrolizumab or 
placebo, whichever is greater, or 
30 days after cessation of study 
intervention if the participant initiates 
new anticancer therapy.

Pregnancy testing should be conducted 
as per local regulations, where 
applicable.
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Study Period
Screen

ing
Phasea

Study Intervention Phase
21-Day Cycles EOI Post-Intervention Notes

Intervention Cycle(s)
Cycle

1

Cycle

2

Cycles 3 to last
Cycle Safety 

FUb
(Efficacy)

FU
Survival 

FU
Day D1 D8 D1 D8 D1 D8

Scheduling Window 
(Days):

–28 to 
–1

±3 ±3 ±3 ±3 ±3
At 

Time 
of D/C

30 Days 
After 

Last Dose 
(+ 7 days)

Q6W or 
Q12W

(± 7 days)

Q12W 
(± 7 days)

PT/INR and aPTT X

Screening: collect within 14 days 
before the first dose of study 
intervention.

Additional testing to be conducted as 
clinically indicated for participants 
taking anticoagulant therapy. Refer to 
Section 6.5 for additional requirements 
during gemcitabine administration.

Hematology X X X X X X X X X

Screening: perform within 14 days 
before the first dose of study 
intervention.

Perform on Day 1 and Day 8 before
administration of study intervention
(within 1 day before administration of 
study intervention is acceptable).

For laboratory details refer to
Section 10.2, Appendix 2, Table 18.

Note: Day 8 hematology blood samples 
will not be collected after both 
chemotherapy agents (gemcitabine/
cisplatin) are permanently discontinued.
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Study Period
Screen

ing
Phasea

Study Intervention Phase
21-Day Cycles EOI Post-Intervention Notes

Intervention Cycle(s)
Cycle

1

Cycle

2

Cycles 3 to last
Cycle Safety 

FUb
(Efficacy)

FU
Survival 

FU
Day D1 D8 D1 D8 D1 D8

Scheduling Window 
(Days):

–28 to 
–1

±3 ±3 ±3 ±3 ±3
At 

Time 
of D/C

30 Days 
After 

Last Dose 
(+ 7 days)

Q6W or 
Q12W

(± 7 days)

Q12W 
(± 7 days)

Chemistry Panel and 
Liver Panel

X X X X X X X X X

Screening: perform within 14 days 
before the first dose of study 
intervention.

Collect liver panel on Day 1 and Day 8
before administration of study 
intervention (within 1 day before
administration of study intervention is 
acceptable).

For laboratory details refer to
Section 10.2, Appendix 2, Table 18.

Note: Day 8 chemistry and liver panel 
blood samples will not be collected 
after both chemotherapy agents 
(gemcitabine/ cisplatin) are 
permanently discontinued.

Urinalysis X X

Screening: perform within 14 days 
before the first dose of study 
intervention. Repeat as clinically 
indicated.
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Study Period
Screen

ing
Phasea

Study Intervention Phase
21-Day Cycles EOI Post-Intervention Notes

Intervention Cycle(s)
Cycle

1

Cycle

2

Cycles 3 to last
Cycle Safety 

FUb
(Efficacy)

FU
Survival 

FU
Day D1 D8 D1 D8 D1 D8

Scheduling Window 
(Days):

–28 to 
–1

±3 ±3 ±3 ±3 ±3
At 

Time 
of D/C

30 Days 
After 

Last Dose 
(+ 7 days)

Q6W or 
Q12W

(± 7 days)

Q12W 
(± 7 days)

T3, FT4, and TSH X X

X

(Even 
Cycles)

X

Screening: perform within 14 days 
before the first dose of study 
intervention. If testing is performed
centrally, must perform within 28 days.

Perform on Day 1 of every other cycle 
starting from Cycle 2 (eg, Cycle 2, 4, 6, 
8, etc) and at EOI.

After Cycle 1, participant may be dosed 
even if thyroid evaluations are not 
available prior to dosing; however, the 
results must be available and reviewed 
before the next scheduled visit.

Free T3 is acceptable where T3 cannot 
be determined.

Tuberculosis screeningd X Per local regulations.

HIVd X Per local regulations.
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Study Period
Screen

ing
Phasea

Study Intervention Phase
21-Day Cycles EOI Post-Intervention Notes

Intervention Cycle(s)
Cycle

1

Cycle

2

Cycles 3 to last
Cycle Safety 

FUb
(Efficacy)

FU
Survival 

FU
Day D1 D8 D1 D8 D1 D8

Scheduling Window 
(Days):

–28 to 
–1

±3 ±3 ±3 ±3 ±3
At 

Time 
of D/C

30 Days 
After 

Last Dose 
(+ 7 days)

Q6W or 
Q12W

(± 7 days)

Q12W 
(± 7 days)

Central Laboratory Assessmentsc

Anti-HCV (IgG) X

If Anti-HCV (IgG) 
positive:

If these conditions are met, the 
following test will be performed within 
28 days before study intervention.

For repeat hepatitis testing during 
rescreening, the site may proceed with 
randomization in certain cases after 
collecting hepatitis blood samples but 
before results are available only with 
approval by the Sponsor.

HCV viral load X

Participants with no HBV infection 
may be randomized if HCV viral load
samples were drawn before
randomization and results are pending
at the time of randomization.

For repeat hepatitis testing during 
rescreening, the site may proceed with 
randomization in certain cases after 
collecting hepatitis blood samples but 
before results are available only with 
approval by the Sponsor.
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Study Period
Screen

ing
Phasea

Study Intervention Phase
21-Day Cycles EOI Post-Intervention Notes

Intervention Cycle(s)
Cycle

1

Cycle

2

Cycles 3 to last
Cycle Safety 

FUb
(Efficacy)

FU
Survival 

FU
Day D1 D8 D1 D8 D1 D8

Scheduling Window 
(Days):

–28 to 
–1

±3 ±3 ±3 ±3 ±3
At 

Time 
of D/C

30 Days 
After 

Last Dose 
(+ 7 days)

Q6W or 
Q12W

(± 7 days)

Q12W 
(± 7 days)

Anti-HBc (total and 
IgM), HBV viral load, 
HBsAg 

X

For participants not taking HBV 
antiviral therapy, repeat HBV viral load 
and HBsAg tests approximately every 
6 weeks if HBsAg negative, anti-HBc 
positive, and HBV viral load is 
undetectable at screening. Repeat HBV 
viral load and HBsAg tests
approximately every 12 weeks for all 
participants on HBV antiviral therapy
until the end of study intervention and 
then per local standard of care. This
testing should be aligned with study 
intervention visits.

For HBV viral load over 100 IU/mL
start HBV treatment. For repeat 
hepatitis testing during rescreening, the 
site may proceed with randomization in 
certain cases after collecting hepatitis 
blood samples but before results are 
available only with approval by the 
Sponsor.
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Study Period
Screen

ing
Phasea

Study Intervention Phase
21-Day Cycles EOI Post-Intervention Notes

Intervention Cycle(s)
Cycle

1

Cycle

2

Cycles 3 to last
Cycle Safety 

FUb
(Efficacy)

FU
Survival 

FU
Day D1 D8 D1 D8 D1 D8

Scheduling Window 
(Days):

–28 to 
–1

±3 ±3 ±3 ±3 ±3
At 

Time 
of D/C

30 Days 
After 

Last Dose 
(+ 7 days)

Q6W or 
Q12W

(± 7 days)

Q12W 
(± 7 days)

PK/Pharmacodynamic/Biomarker Assessment

Pembrolizumab 
Pharmacokinetics

X X

X

(C4, 
and 

every 4 
cycles 

starting 
there-
after)

Predose PK and ADA samples will be 
collected at Day 1 of Cycles 1, 2, 4 and
every 4 cycles thereafter (eg, C8, C12, 
C16, etc).

All predose samples should be drawn 
within 24 hours before infusion of
pembrolizumab or placebo. Additional 
postdose peak PK samples will be drawn 
within 30 mins (+15 minutes time 
window) after the end of pembrolizumab 
or placebo infusion at Cycle 1 and 
Cycle 8.

Pembrolizumab 
Antidrug Antibodies

X X

X

(C4, 
and 

every 4 
cycles 
there-
after)

Predose PK and ADA samples will be 
collected at Day 1 of Cycles 1, 2, 4 and 
every 4 cycles thereafter (eg, C8, C12, 
C16, etc).

All predose samples should be drawn 
within 24 hours before infusion of 
pembrolizumab or placebo.

X
If sample is not available at C1D1, it 
may be collected at a subsequent visit.

CCI

0880QN



PRODUCT: MK-3475  34

PROTOCOL/AMENDMENT NO.: 966-06

MK-3475-966-06 FINAL PROTOCOL 16-JUN-2022

Study Period
Screen

ing
Phasea

Study Intervention Phase
21-Day Cycles EOI Post-Intervention Notes

Intervention Cycle(s)
Cycle

1

Cycle

2

Cycles 3 to last
Cycle Safety 

FUb
(Efficacy)

FU
Survival 

FU
Day D1 D8 D1 D8 D1 D8

Scheduling Window 
(Days):

–28 to 
–1

±3 ±3 ±3 ±3 ±3
At 

Time 
of D/C

30 Days 
After 

Last Dose 
(+ 7 days)

Q6W or 
Q12W

(± 7 days)

Q12W 
(± 7 days)

Analysisd,e X

Collect predose C1D1. This sample 
should be drawn for planned analysis of 

Refer to 
Section 8.8.1 for additional details.

Analysisd X X
X

(C5)
X Collect predose.

Analysisd X X
X

(C5)
X Collect predose.

Analysisd X X
X

(C5)
X Collect predose.

Analysisd X X
X

(C5)
X Collect predose.

analysis (optional)d X X
X

(C5)
X

Collection at home within 1 week 
before the specified visit and brought 
into site on C1D1, C2D1, C5D1, and at 
EOI.

CCI
CCI

CCI

CCI

CCI

CCI

CCI

CCI

CCI

CCI
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Study Period
Screen

ing
Phasea

Study Intervention Phase
21-Day Cycles EOI Post-Intervention Notes

Intervention Cycle(s)
Cycle

1

Cycle

2

Cycles 3 to last
Cycle Safety 

FUb
(Efficacy)

FU
Survival 

FU
Day D1 D8 D1 D8 D1 D8

Scheduling Window 
(Days):

–28 to 
–1

±3 ±3 ±3 ±3 ±3
At 

Time 
of D/C

30 Days 
After 

Last Dose 
(+ 7 days)

Q6W or 
Q12W

(± 7 days)

Q12W 
(± 7 days)

Archival or Newly 
Obtained Tissue 
Collectiond

X

Tissue is required for enrollment. The 
tumor tissue must be received by the 
central vendor and deemed adequate for 

Refer to Section 8.8.2 for additional 
information.

Patient-reported Outcomes

ePROs in the following 
order: EQ-5D-5L, 
EORTC QLQ-C30, 
EORTC QLQ-BIL21

X X X X X

Administer questionnaires before the
AE evaluation, disease status 
notification, and dosing on Day 1 of
Cycle 1 through Cycle 10 and every 
2 cycles thereafter (ie, Cycles 12, 14, 
16, 18) up to Cycle 18, at EOI, and at 
the 30-day Safety Follow-up.

CCI
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Study Period
Screen

ing
Phasea

Study Intervention Phase
21-Day Cycles EOI Post-Intervention Notes

Intervention Cycle(s)
Cycle

1

Cycle

2

Cycles 3 to last
Cycle Safety 

FUb
(Efficacy)

FU
Survival 

FU
Day D1 D8 D1 D8 D1 D8

Scheduling Window 
(Days):

–28 to 
–1

±3 ±3 ±3 ±3 ±3
At 

Time 
of D/C

30 Days 
After 

Last Dose 
(+ 7 days)

Q6W or 
Q12W

(± 7 days)

Q12W 
(± 7 days)

Abbreviations: ADA=antidrug antibodies; AE=adverse event; Anti-HBc=hepatitis B core antibody; Anti-HCV=hepatitis C virus antibody; aPTT=activated partial 
thromboplastin time; C1D1=Cycle 1 Day 1; CM=concomitant medication; CT=computed tomography; ctDNA=circulating tumor DNA; CX=Cycle X; D/C=discontinuation; 
DNA=deoxyribonucleic acid; DX=Day X; ECG=electrocardiogram; ECI=event of clinical interest; ECOG=Eastern Cooperative Oncology Group; eCRF=electronic case report 
form; EOI=end of intervention; EORTC=European Organisation for Research and Treatment of Cancer; ePRO=electronic patient-reported outcome; FBR=future biomedical 
research; FT4=free thyroxine; FU=follow-up; HBsAg=hepatitis B surface antigen; HBV=hepatitis B virus; HCV=hepatitis C virus; HIV=human immunodeficiency virus; 
ID=identification; IgG=immunoglobulin G; IgM=immunoglobulin M; INR=international normalized ratio; IRT=interactive response technology; IV=intravenous; 
MRI=magnetic resonance imaging; MSI=microsatellite instability; PCR=polymerase chain reaction; PD=disease progression; PD-L1= programmed cell death ligand 1; 
PK=pharmacokinetics; PS=performance status; PT=prothrombin time; Q3W=every 3 weeks; Q6W=every 6 weeks; Q12W=every 12 weeks; QLQ=Quality of Life Questionnaire;
RNA=ribonucleic acid; SAE=serious adverse event; T3=triiodothyronine; TSH=thyroid-stimulating hormone; WOCBP=women of childbearing potential.

a. Screening procedures can be performed within 28 days before randomization, unless otherwise specified.

b. If EOI visit occurs ≥30 days from last dose of study treatment, a Safety Follow-up Visit is not required. In this situation, all procedures required at both the EOI visit and the 
Safety Follow-up Visit should be performed.

c. Clinical laboratory assessments may be conducted any time within 72 hours before the scheduled visit, unless otherwise specified. Procedures/assessments should be 
performed before administration of study intervention.

d. Refer to Section 10.7 (Appendix 7) for country-specific requirements.
CCI
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1.3.2 Schedule of Activities Second Course Phase

Table 2 Schedule of Activities – Second Course Phase (Retreatment)

Study Period
Second Course Phase (Retreatment)

21-Day Cycles
EOI Post-Intervention Notes

Intervention 
Cycle

Cycle 1 Cycle 2 Cycles 3 to17

Safety FUa Efficacy 
FU 

Survival 
FU

Day D1 D8 D1 D8 D1 D8

Scheduling 
Window (Days):

±3 ±3 ±3 ±3 ±3 ±3
At Time of 

D/C

30 Days 
After Last 

Dose 
(+ 7 days)

Q6W or 
Q12W

(±7 days)

Q12W

(± 7 days)

Administrative and General Procedures

Eligibility Criteria X

Concomitant 
Medication Review

X X X X X X X X

Enter new medications started during 
the study through the post-treatment 
Safety Follow-up. Record concomitant 
medications beyond 30 days after 
treatment discontinuation if related to 
SAE or ECI.

CM review on Day 8 is not required 
after gemcitabine is permanently 
discontinued.

Subsequent 
Antineoplastic
Treatment Status

X X X

All anticancer therapy will be recorded 
until time of death or termination of 
survival follow-up.

If a clinic visit is not feasible, follow-up 
information may be obtained via other 
means of contact (eg, telephone, video 
call, mail, or email).

Survival (Vital) 
Status

X
Upon Sponsor request, participants may 
be contacted for survival (vital) status at 
any time during the course of the study.
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Study Period
Second Course Phase (Retreatment)

21-Day Cycles
EOI Post-Intervention Notes

Intervention 
Cycle

Cycle 1 Cycle 2 Cycles 3 to17

Safety FUa Efficacy 
FU 

Survival 
FU

Day D1 D8 D1 D8 D1 D8

Scheduling 
Window (Days):

±3 ±3 ±3 ±3 ±3 ±3
At Time of 

D/C

30 Days 
After Last 

Dose 
(+ 7 days)

Q6W or 
Q12W

(±7 days)

Q12W

(± 7 days)

Administration of Study Intervention

Pembrolizumab X X X

Pembrolizumab 200 mg IV Q3W for up 
to 17 administrations. Refer to Section 
8.1.8.1. for timing and order of dose 
administration.

Gemcitabine X X X X X X

The decision of whether or not to 
continue gemcitabine during second 
course will be at the discretion of the 
investigator. If continued, the dose of 
gemcitabine will be given in clinic on 
Day 1 and Day 8 of each SC cycle. 
Refer to Section 8.1.8.1. for timing and 
order of dose administration.

Treatment with gemcitabine will 
continue until unacceptable toxicity or 
PD.
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Study Period
Second Course Phase (Retreatment)

21-Day Cycles
EOI Post-Intervention Notes

Intervention 
Cycle

Cycle 1 Cycle 2 Cycles 3 to17

Safety FUa Efficacy 
FU 

Survival 
FU

Day D1 D8 D1 D8 D1 D8

Scheduling 
Window (Days):

±3 ±3 ±3 ±3 ±3 ±3
At Time of 

D/C

30 Days 
After Last 

Dose 
(+ 7 days)

Q6W or 
Q12W

(±7 days)

Q12W

(± 7 days)

Efficacy Procedures

Tumor Imaging -
(CT of the chest, 
CT or MRI of the 
abdomen and 
pelvis)b

X X

Tumor imaging should be performed 
within 28 days before restarting study 
intervention. The initial second course
imaging assessment should be 
performed at 6 weeks (42 days +7 days) 
after the restart of study intervention. 
Subsequent tumor imaging should be 
performed every 12 weeks (84 days 
±7 days) or more frequently, if 
clinically indicated. All imaging 
assessments should follow calendar 
days and not be adjusted for cycle 
delays.

Imaging at EOI is not required if the 
previous tumor imaging assessment 
was within 4 weeks prior to the EOI
visit.

Refer to Section 8.2.1 for additional 
details on tumor imaging assessment.
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Study Period
Second Course Phase (Retreatment)

21-Day Cycles
EOI Post-Intervention Notes

Intervention 
Cycle

Cycle 1 Cycle 2 Cycles 3 to17

Safety FUa Efficacy 
FU 

Survival 
FU

Day D1 D8 D1 D8 D1 D8

Scheduling 
Window (Days):

±3 ±3 ±3 ±3 ±3 ±3
At Time of 

D/C

30 Days 
After Last 

Dose 
(+ 7 days)

Q6W or 
Q12W

(±7 days)

Q12W

(± 7 days)

Clinical Procedures or Assessmentsb

Adverse Event
Monitoring

X X X X X X X X X

AEs: monitored up to 30 days after last 
dose.

SAEs: monitored up to 90 days after 
last dose, or 30 days after last dose if 
participant starts a new anticancer 
therapy, whichever occurs first.

AE review on Day 8 is not required 
after gemcitabine is permanently 
discontinued.

Vital Signs and 
Weight

X X X X X X X X

Refer to Section 8.3.3, vital signs 
include blood pressure, pulse rate, 
respiratory rate, and temperature.

Conducting within 1 day before 
administration of study intervention is 
acceptable.

Note: Day 8 vital signs and weight will 
not be performed after gemcitabine is 
permanently discontinued.

Full Physical 
Examination

X X
Perform within 14 days prior to start of 
study intervention for second course.
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Study Period
Second Course Phase (Retreatment)

21-Day Cycles
EOI Post-Intervention Notes

Intervention 
Cycle

Cycle 1 Cycle 2 Cycles 3 to17

Safety FUa Efficacy 
FU 

Survival 
FU

Day D1 D8 D1 D8 D1 D8

Scheduling 
Window (Days):

±3 ±3 ±3 ±3 ±3 ±3
At Time of 

D/C

30 Days 
After Last 

Dose 
(+ 7 days)

Q6W or 
Q12W

(±7 days)

Q12W

(± 7 days)

Directed Physical 
Examination

X X X X X X

Conduct on Day 1 and Day 8 of each 
cycle prior to the administration of 
study intervention.

Conducting within 1 day before 
administration of study intervention is 
acceptable.

Note: Day 8 directed physical 
examination is not required after 
gemcitabine is permanently 
discontinued.

ECOG 
Performance Status

X X X X X X X X

Should be assessed prior to dosing at 
treatment visits. Conducting within 
1 day before administration of study 
intervention is acceptable.

Note: Day 8 ECOG PS will not be 
performed after gemcitabine is
permanently discontinued.
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Study Period
Second Course Phase (Retreatment)

21-Day Cycles
EOI Post-Intervention Notes

Intervention 
Cycle

Cycle 1 Cycle 2 Cycles 3 to17

Safety FUa Efficacy 
FU 

Survival 
FU

Day D1 D8 D1 D8 D1 D8

Scheduling 
Window (Days):

±3 ±3 ±3 ±3 ±3 ±3
At Time of 

D/C

30 Days 
After Last 

Dose 
(+ 7 days)

Q6W or 
Q12W

(±7 days)

Q12W

(± 7 days)

Local Laboratory Procedures and Assessmentsb

Pregnancy Test 
(WOCBP only)c X X X X X

Assess within 24 hours (urine) or 
72 hours (serum) prior to study 
intervention administration on Day 1 of 
each cycle. In regions where required 
via documented regulatory request (and 
subsequently approved by the Sponsor), 
pregnancy tests within 24 hours prior to 
study intervention will be required.

During the Post-Intervention Phase, 
perform a serum or urine pregnancy test 
at least 240 days after the last dose of 
chemotherapy or 150 days after the last 
dose of pembrolizumab, whichever is 
greater, or 30 days after cessation of 
study intervention if the participant 
initiates a new anticancer therapy.

Pregnancy testing should be conducted 
as per local regulations where 
applicable.
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Study Period
Second Course Phase (Retreatment)

21-Day Cycles
EOI Post-Intervention Notes

Intervention 
Cycle

Cycle 1 Cycle 2 Cycles 3 to17

Safety FUa Efficacy 
FU 

Survival 
FU

Day D1 D8 D1 D8 D1 D8

Scheduling 
Window (Days):

±3 ±3 ±3 ±3 ±3 ±3
At Time of 

D/C

30 Days 
After Last 

Dose 
(+ 7 days)

Q6W or 
Q12W

(±7 days)

Q12W

(± 7 days)

PT/INR and aPTT X

Collect samples within 14 days before
starting second course study 
intervention.

Additional testing to be conducted as 
clinically indicated for participants 
taking anticoagulant therapy. Refer to 
Section 6.5 for additional requirements 
during gemcitabine administration.

Hematology X X X X X X X X

Perform within 14 days before starting 
second course study intervention.

Perform on Day 1 and Day 8 before
administration of study intervention
(within 1 day before administration of 
study intervention is acceptable).

For laboratory details refer to
Section 10.2, Appendix 2, Table 18.

Note: Day 8 hematology blood samples 
will not be performed after
chemotherapy is permanently 
discontinued.
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Study Period
Second Course Phase (Retreatment)

21-Day Cycles
EOI Post-Intervention Notes

Intervention 
Cycle

Cycle 1 Cycle 2 Cycles 3 to17

Safety FUa Efficacy 
FU 

Survival 
FU

Day D1 D8 D1 D8 D1 D8

Scheduling 
Window (Days):

±3 ±3 ±3 ±3 ±3 ±3
At Time of 

D/C

30 Days 
After Last 

Dose 
(+ 7 days)

Q6W or 
Q12W

(±7 days)

Q12W

(± 7 days)

Chemistry Panel 
and Liver Panel

X X X X X X X X

Perform within 14 days before starting 
second course study intervention.

Collect liver panel on Day 1 and Day 8 
before administration of study 
intervention (within 1 day before
administration of study intervention is 
acceptable).

For laboratory details refer to
Section 10.2, Appendix 2, Table 18.

Note: Day 8 chemistry and liver panel
blood samples will not be performed 
after gemcitabine is permanently 
discontinued.

Urinalysis X X
Perform within 14 days prior to starting 
second course study intervention.
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Study Period
Second Course Phase (Retreatment)

21-Day Cycles
EOI Post-Intervention Notes

Intervention 
Cycle

Cycle 1 Cycle 2 Cycles 3 to17

Safety FUa Efficacy 
FU 

Survival 
FU

Day D1 D8 D1 D8 D1 D8

Scheduling 
Window (Days):

±3 ±3 ±3 ±3 ±3 ±3
At Time of 

D/C

30 Days 
After Last 

Dose 
(+ 7 days)

Q6W or 
Q12W

(±7 days)

Q12W

(± 7 days)

T3, FT4, and TSH X X

X

(Even 
Cycles)

X

Perform within 14 days prior to starting 
second course study intervention.

Perform on Day 1 of every other cycle 
starting from Cycle 2 (eg, Cycle 2, 4, 6, 
8, etc) and at EOI.

After Cycle 1, participant will be dosed 
even if thyroid evaluations are not 
available prior to dosing; however, the 
results must be available and reviewed 
before the next scheduled visit.

Free T3 is acceptable where T3 cannot 
be determined.
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Study Period
Second Course Phase (Retreatment)

21-Day Cycles
EOI Post-Intervention Notes

Intervention 
Cycle

Cycle 1 Cycle 2 Cycles 3 to17

Safety FUa Efficacy 
FU 

Survival 
FU

Day D1 D8 D1 D8 D1 D8

Scheduling 
Window (Days):

±3 ±3 ±3 ±3 ±3 ±3
At Time of 

D/C

30 Days 
After Last 

Dose 
(+ 7 days)

Q6W or 
Q12W

(±7 days)

Q12W

(± 7 days)

Central Laboratory Assessmentsb

HBsAg and HBV 
viral load 

X

For participants not taking HBV 
antiviral therapy, repeat HBV viral load 
and HBsAg tests approximately every 
6 weeks if HBsAg negative and anti-
HBc positive, and HBV viral load is 
undetectable at screening. Repeat HBV 
viral load and HBsAg tests 
approximately every 12 weeks for all 
participants on HBV antiviral therapy
until the end of study intervention and 
then per local standard of care. This
testing should be aligned with study 
intervention visits.

For HBV viral load over 100 IU/mL, 
start HBV treatment.

Abbreviations: AE=adverse event; aPTT=activated partial thromboplastin time; CT=computed tomography; D/C=discontinuation; DX=Day X; ECI=event of clinical interest; 
ECOG=Eastern Cooperative Oncology Group; EOI=End of intervention; FT4=free thyroxine; FU=Follow-up; HBsAg=hepatitis B surface antigen; HBV=hepatitis B virus; 
INR=international normalized ratio; IV=intravenous; MRI=magnetic resonance imaging; PD=disease progression; PS=performance status; PT=prothrombin time; Q3W=every 3 
weeks; Q6W=every 6 weeks; Q12W=every 12 weeks; SAE=serious adverse event; SC=second course; T3=triiodothyronine; TSH=thyroid-stimulating hormone; 
WOCBP=women of childbearing potential.

a. If EOI visit occurs ≥30 days from last dose of study intervention, a Safety Follow-up Visit is not required. In this situation, all procedures required at both the EOI visit and 
the Safety Follow-up Visit should be performed.

b. Clinical laboratory assessments may be conducted anytime within 72 hours before the scheduled visit, unless otherwise specified. Procedures/assessments should be 
performed before administration of study intervention.

c. Refer to Section 10.7 (Appendix 7) for country-specific requirements.
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2 INTRODUCTION

2.1 Study Rationale

Biliary tract cancer (BTC) comprises cancers of intra- and extrahepatic bile ducts 
(cholangiocarcinoma [CCA]) and gallbladder. Biliary tract cancer is a rare but aggressive 
malignancy with limited treatment options. The majority of patients present with advanced or 
unresectable disease and undergo systemic chemotherapy. Patients presenting with earlier 
stage disease may undergo curative surgical resection but have a high rate of recurrence and 
metastases [Zhu, A. X., et al 2010] [Margonis, G. A., et al 2016]. Gemcitabine in 
combination with cisplatin is the standard of care (SOC) first-line therapy worldwide, with S-
1 (an oral fluoropyrimidine containing tegafur, gimeracil, and oteracil) also being used in 
Japan. Despite advances in supportive care along with combination chemotherapy, median 
PFS is approximately 6 to 7 months, and the median survival of advanced BTC patients 
remains dismal at approximately 12 months [Valle, J., et al 2010] [Okusaka, T., et al 2010]. 
An additional challenge in this patient population is the high risk of infection due to frequent 
biliary obstruction, particularly when exposed to immunosuppressive combination
chemotherapy regimens. Poor prognosis and limited treatment options in this challenging 
cancer highlight the unmet medical need for more effective therapies for those with advanced 
disease.

2.2 Background

Pembrolizumab is a potent humanized immunoglobulin G4 (IgG4) monoclonal antibody 
(mAb) with high specificity of binding to the programmed cell death 1 (PD-1) receptor, thus 
inhibiting its interaction with programmed cell death ligand 1 (PD-L1) and programmed cell 
death ligand 2 (PD-L2). Based on preclinical in vitro data, pembrolizumab has high affinity 
and potent receptor blocking activity for PD-1. Pembrolizumab has an acceptable preclinical 
safety profile and is in clinical development as an intravenous (IV) immunotherapy for 
advanced malignancies. KEYTRUDA® (pembrolizumab) is indicated for the treatment of 
patients across a number of indications. For more details on specific indications refer to the 
Investigator’s Brochure (IB).

2.2.1 Pharmaceutical and Therapeutic Background

The importance of intact immune surveillance function in controlling outgrowth of neoplastic 
transformations has been known for decades [Disis, M. L. 2010]. Accumulating evidence 
shows a correlation between tumor-infiltrating lymphocytes in cancer tissue and favorable 
prognosis in various malignancies. In particular, the presence of CD8+ T-cells and the ratio 
of CD8+ effector T-cells/FoxP3+ regulatory T-cells (T-regs) correlates with improved 
prognosis and long-term survival in solid malignancies, such as ovarian, colorectal, and 
pancreatic cancer; hepatocellular carcinoma; malignant melanoma; and renal cell carcinoma. 
Tumor-infiltrating lymphocytes can be expanded ex vivo and reinfused, inducing durable 
objective tumor responses in cancers such as melanoma [Dudley, M. E., et al 2005] [Hunder, 
N. N., et al 2008].
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The PD-1 receptor-ligand interaction is a major pathway hijacked by tumors to suppress 
immune control. The normal function of PD-1, expressed on the cell surface of activated 
T-cells under healthy conditions, is to down-modulate unwanted or excessive immune 
responses, including autoimmune reactions. PD-1 (encoded by the gene Pdcd1) is an 
immunoglobulin (Ig) superfamily member related to cluster of differentiation 28 (CD28) and 
cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) that has been shown to negatively 
regulate antigen receptor signaling upon engagement of its ligands (PD-L1 and/or PD-L2) 
[Greenwald, R. J., et al 2005] [Okazaki, T., et al 2001].

The structure of murine PD-1 has been resolved [Zhang, X., et al 2004]. PD-1 and its family 
members are type I transmembrane glycoproteins containing an Ig-variable–type (IgV-type) 
domain responsible for ligand binding and a cytoplasmic tail responsible for the binding of 
signaling molecules. The cytoplasmic tail of PD-1 contains 2 tyrosine-based signaling motifs, 
an immunoreceptor tyrosine-based inhibition motif, and an immunoreceptor tyrosine-based 
switch motif. Following T-cell stimulation, PD-1 recruits the tyrosine phosphatases, SHP-1 
and SHP-2, to the immunoreceptor tyrosine-based switch motif within its cytoplasmic tail, 
leading to the dephosphorylation of effector molecules such as CD3 zeta (CD3ζ), protein 
kinase C-theta (PKCθ), and zeta-chain-associated protein kinase (ZAP70), which are 
involved in the CD3 T-cell signaling cascade [Okazaki, T., et al 2001] [Chemnitz, J. M., et al 
2004] [Sheppard, K-A, et al 2004] [Riley, J. L. 2009]. The mechanism by which PD-1 down-
modulates T-cell responses is similar to, but distinct from, that of CTLA-4, because both 
molecules regulate an overlapping set of signaling proteins [Parry, R. V., et al 2005] 
[Francisco, L. M., et al 2010].

2.2.2 Biliary Tract Cancer: Epidemiology and Current Therapeutic Options

Biliary tract cancer arises from the epithelial lining of the biliary tree and is comprised of 
cancers of the bile ducts called cholangiocarcinoma (CCA), gallbladder, and ampulla.
Cholangiocarcinoma is classified as intrahepatic or extrahepatic. Ampullary cancers have 
been excluded from the current protocol due to potentially better prognosis [Hatzaras, I., et al
2010] [Park, I., et al 2009]. Additionally, ampullary cancer diagnosis and distinction from 
pancreatic and duodenal cancers could be challenging in a global study. Biliary tract cancer
subtypes differ in their cancer biology, clinical presentation, and are often diagnosed in the 
advanced stage. Nonetheless, for advanced or metastatic BTC (CCA and gallbladder), 
platinum-based chemotherapy is the SOC irrespective of subtype.

BTC also has a variable geographic distribution and incidence. Based on Surveillance, 
Epidemiology, and End Results Program (SEER) data the estimated incidence of BTCs in 
United States in 2018 was about 17,000 cases per year (including biliary, which account for 
approximately10 % of liver and bile duct cancers) [Siegel, R. L., et al 2018]. In the West, the 
incidence of CCA is low, while in Asia (eg, Thailand, China, Korea, Vietnam), rates are 
much higher [Bragazzi, M. C., et al 2012]. Northeast Thailand has the highest CCA rate in 
the world, accounting for >80% of all primary liver cancers [Shin, H. R., et al 2010]. 
Similarly, the incidence of gallbladder cancer (GBC) in the West is generally low; however, 
it is a significant health problem in Chile, India and Central/Eastern Europe. There are 
various risk factors associated with BTC. High rates of liver fluke infection have been 
associated with CCA risk in Asia. Gallstones and Salmonella Typhi infections are considered 
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to be strong risk factors for GBC in India and Chile [Lazcano-Ponce, E. C., et al 2001]. In 
Europe and the United States, inflammatory disorder of the biliary tract, primary sclerosing 
cholangitis, and fibro-polycystic liver disease have been associated with BTC. Other general
risk factors include intrahepatic stone disease, chronic liver disease, biliary papillomatosis, 
and genetic predisposition in Lynch syndrome.

Systemic combination chemotherapy consisting of gemcitabine and cisplatin is the SOC first-
line therapy in most countries for patients with advanced BTC. This is based on the study 
ABC-02 [Valle, J., et al 2010]. ABC-02 was a randomized Phase 3 study with a primary end 
of OS and enrolled 410 participants. Cisplatin 25 mg/m2 followed by gemcitabine
1000 mg/m2, each administered on Days 1 and 8, Q3W for 8 cycles, was shown to be 
associated with improved OS compared to single agent gemcitabine (1000 mg/m2 on Days 1, 
8, and 15, every 4 weeks for 6 cycles) (11.7 months versus 8.1 months respectively; hazard 
ratio [HR] 0.64, 95% CI: 0.52–0.80, p <0.001). In ABC-02, dose modifications and delays 
were allowed for hematologic toxicity, abnormal renal function, nausea, vomiting, peripheral 
neuropathy, edema, or tinnitus. There was one death from renal failure in the gemcitabine 
and cisplatin group, possibly related to cisplatin.

A similar randomized Phase 2 study (BT22) with cisplatin 25 mg/m2 followed by 
gemcitabine 1000 mg/m2 on Days 1 and 8 of a 21-day cycle or single agent gemcitabine 
1000 mg/m2 on Days 1, 8 and 15 of a 28-day cycle was conducted in Japan and showed an 
improvement in one-year survival rate (11.2 months versus 7.7 months; HR 0.69, 95% CI: 
0.42-1.13, p <0.139), median PFS (5.8 months versus 3.7 months; HR 0.66, 95% CI: 0.41-
1.05, p <0.077) and ORR (19.5% versus 11.9%) favoring the combination of gemcitabine 
and cisplatin compared to single agent gemcitabine [Okusaka, T., et al 2010]. In BT22, the 
most common AEs were related to myelosuppression seen in both groups but more common 
with combination therapy, as anticipated. Overall, the gemcitabine and cisplatin combination 
was well tolerated in both ABC-02 and BT22.

In Japan, an alternative first-line option is gemcitabine in combination with S-1. This is based 
on a Phase 3 study (FUGA-BT; JCOG1113) that demonstrated noninferiority of gemcitabine 
plus S-1 when compared to gemcitabine plus cisplatin [Mizusawa, J., et al 2016]. However, 
S-1 is not currently approved in multiple countries, hence, there is limited access to this 
regimen. Other potential options include 5- fluorouracil based options, gemcitabine with 
oxaliplatin (GEMOX), and taxane (docetaxel and paclitaxel) combinations. GEMOX was 
studied both in first-line and refractory settings in a Phase 2 study. An ORR of 36% with 
median OS of 15.4 months was observed in the first-line setting, while in second or third 
line, both ORR and OS were less favorable at 22% and 7.6 months, respectively [Andre, T., 
et al 2004]. The use of taxane combinations in BTC have primarily been reported in small, 
nonrandomized studies [Sahai, V., et al 2018] [Tajima, H., et al 2017].

A particular phenotype called microsatellite instability-high (MSI-H) or mismatch repair 
deficient (dMMR) found in several types of solid tumors is associated with increased 
mutation rate and genomic instability due to failure to repair the DNA mismatches that occur 
during normal DNA synthesis. A Phase 2 multicohort study evaluated the efficacy of 
pembrolizumab in the setting of MSI-H/dMMR tumors. The first cohort included MSI-H or 
dMMR metastatic colorectal cancer. The study was subsequently expanded to include 12 
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different tumor types with MSI-H or dMMR. A total of 86 participants were enrolled with 
objective radiographic responses in 53% of participants (46 of 86 participants; 95% CI, 42–
64%), and 21% (n = 18) achieved a complete radiographic response [Le, D. T., et al 2017]. 
Responses were found to be durable and similar between colorectal cancer and other cancer 
subtypes. This led to approval of pembrolizumab by the FDA in May 2017 for adult and 
pediatric patients with unresectable or metastatic, MSI-H or dMMR solid tumors that have 
progressed following prior treatment and who have no satisfactory alternative treatment 
options or with MSI-H or dMMR colorectal cancer that has progressed following treatment 
with a fluoropyrimidine, oxaliplatin, and irinotecan. A number of other countries have 
approved pembrolizumab in a similar fashion.

There are also multiple studies evaluating the use of FOLFOX for the treatment of BTCs in 
second-line setting. A single-arm Phase 2 study involving 37 participants refractory to 
gemcitabine and cisplatin treated with FOLFOX reported an ORR of 21.6% and median 
time-to-progression (TTP) of 3.1 months (95% CI: 2.3-3.6) with a manageable AE profile 
[He, S., et al 2014]. A randomized Phase 3 study (ABC-06; NCT01926236) evaluating 
FOLFOX in second-line advanced BTC has completed enrollment and results are anticipated.

Targeted therapy options capable of advancing precision medicine for the treatment of BTC 
are currently being explored. Comprehensive genomic analysis of BTC with next generation 
sequencing has led to the identification and characterization of several genomic alterations as 
potential targets in distinct subgroups of BTC [Nakamura, H., et al 2015]. FGFR2 fusion, 
IDH1/2 and BAP1 mutations have been associated with intrahepatic CCA while 
PRKACA/PRKACB fusions, ELF3 and ARID1B are more specific for extrahepatic CCA. 
Gallbladder cancer has been shown to harbor EGFR, ERBB3, ARID2 and TERT promoter 
mutations [Nakamura, H., et al 2015] and HER2/neu mutations [Javle, M., et al 2015]. 
Clinical studies utilizing interventions targeting genomic alterations in BTC are ongoing. 
Overall, these alterations are seen in about 40% of biliary cancers, but individual alterations 
are limited to a small proportion of patients [Nakamura, H., et al 2015].

Locoregional therapies like hepatic arterial infusion radiofrequency ablation, transarterial 
chemoembolization (TACE) or transarterial radioembolization (TARE) have also been used 
in patients with unresectable biliary cancer and liver predominant disease [Han, K., et al 
2015]. There are no randomized controlled studies and most studies included a heterogenous,
small group of participants without standardization of intervention modalities. Though some 
have reported encouraging results, there have been concerns about potential toxicity. Due to 
lack of validated data, these therapies are not considered as part of SOC.

Photodynamic therapy (PDT), a direct ablative technique using a photosensitizing agent, has 
also been of interest though more commonly used for palliation of biliary obstruction [Gao, 
F., et al 2010]. In patients with localized disease, liver transplant is a potential option for 
treatment. Some studies have reported improved outcome compared to surgical resection, 
however a direct comparison in randomized fashion has not been performed. With scarcity of 
donors, lack of Phase 3 studies, and a requirement for expertise, liver transplant has not been 
widely adopted [Banales, J. M., et al 2016] [Sapisochin, G., et al 2015]. External beam 
radiation and intraluminal brachytherapy have been used and reported in management of 
BTC for patients with localized disease. There is conflicting evidence of use of radiation 
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alone, but data with concurrent chemoradiation appear more promising. Small 
nonrandomized studies have reported improved outcomes with adjuvant concurrent 
chemoradiation [Kim, S., et al 2002] [Nakeeb, A. 2005]. In the adjuvant setting, the Phase 3 
study PRODIGE 12-ACCORD 18 (UNICANCER GI group) showed participants with 
localized BTC that received GEMOX did not have statistically improved recurrence-free 
survival (RFS) compared to surveillance [Edeline, J., et al 2019]. In a Phase 3 study utilizing 
capecitabine as an adjuvant therapy in BTC (BILCAP), although an improvement in OS was 
reported, the primary endpoint of improving OS was not met [Primrose, J. N., et al 2019].

Although several studies are evaluating potential cytotoxic and molecularly targeted therapy 
options, the limitation of increased toxicity with cytotoxic chemotherapy and small selected 
populations for molecularly targeted therapy highlights the need for a more effective therapy 
than can be used for the majority of BTC patients. Current data support PD-1/PD-L1 
mediated inhibition of adaptive immune response to carcinogenesis and, hence the role of 
checkpoint inhibition as a therapeutic option.

2.2.3 Rationale for Immunotherapy in Biliary Cancer: Preclinical and Clinical Studies

The PD-1/PD-L1 pathway is an attractive target for therapeutic intervention in BTC. 
Therapeutic studies in mouse models have shown that the administration of antibodies 
blocking the PD-1/PD-L1 interaction enhances infiltration of tumor-specific CD8+ T-cells 
and leads ultimately to tumor rejection, either as a monotherapy or in combination with other 
treatment modalities. Anti-mouse PD-1 and anti-mouse PD-L1 antibodies have demonstrated 
antitumor responses as monotherapy in models of squamous cell carcinoma, pancreatic 
carcinoma, melanoma, and colorectal carcinoma. Blockade of the PD-1 pathway effectively 
promotes CD8+ T-cell infiltration into the tumor and the presence of interferon-γ, granzyme 
B and perforin, indicating that the mechanism of action involves local infiltration and 
activation of effector T-cell function in vivo [Ropponen, K. M., et al 1997] [Dudley, M. E., et 
al 2005] [Hunder, N. N., et al 2008] [Pölcher, M., et al 2010] [Okazaki, T., et al 2001] 
[Greenwald, R. J., et al 2005]. Experiments have confirmed the in vivo efficacy of PD-1 
blockade as a monotherapy as well as in combination with chemotherapy in syngeneic mouse 
tumor models (refer to the pembrolizumab IB).

As discussed, inflammation plays a key role in the development of BTC worldwide. The role 
of immune modulation and adaptive immune response to tumor antigens is an area of active 
research in variety of cancers including BTC. In a retrospective analysis of BTC, presence of 
tumor-infiltrating lymphocytes (TILs) was associated with improved outcome [Goeppert, B., 
et al 2013]. A total of 375 cases were analyzed, which included intra-/extrahepatic CCA and 
GBC. Of note, the presence of intraepithelial tumor-infiltrating CD4+, CD8+ and FoxP3+ 
TILs were associated with longer survival. This study also reported decline in adaptive 
immune response and increase in innate immune response components during dysplasia to 
primary carcinoma to metastases progression. Additionally, a large meta-analysis of 12 
studies and over 2,000 participants showed similar results indicating association of improved 
clinical outcome with higher expression of TILs [Wang, Y., et al 2017]. These findings 
theorize evasion of immune surveillance and adaptive immune response in BTC and, hence,
support the role of checkpoint inhibitor therapy in this patient population.
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Clinical studies have demonstrated efficacy of pembrolizumab in participants with multiple 
tumor types, including advanced melanoma, nonsmall cell lung cancer (NSCLC), head and 
neck cancer, bladder cancer, Hodgkin’s lymphoma, triple negative breast cancer, and gastric 
adenocarcinoma. In addition, recent data demonstrate emerging evidence of single agent 
activity in additional tumor types such as mesothelioma, urothelial cancer, ovarian cancer, 
neuroendocrine carcinoma, and small cell lung cancer.

Single agent pembrolizumab has shown efficacy in several gastrointestinal tumors. 
Pembrolizumab has been approved by the FDA for PD-L1 + advanced refractory metastatic 
gastric cancer based on KEYNOTE-059 (NCT02335411) and hepatocellular cancer after 
progression on sorafenib based on KEYNOTE-224 (NCT02702414).

Early clinical studies have evaluated the prevalence of PD-L1 expression in BTC. 
KEYNOTE-028, a multicohort Phase 1b study, assessed pembrolizumab in PD-L1 positive 
solid tumors. This was a population with refractory disease and a large proportion (39.1%) 
had undergone ≥3 prior lines of therapy [Ott, P. A., et al 2018]. A total of 89 participants
with advanced BTC were screened and 37 (42%) had PD-L1 positive tumors; of these, 24 
participants were enrolled [Bang, Y. J., et al 2015], and data were reported for 23 participants 
[Ott, P. A., et al 2018]. In the BTC cohort, the median PFS was 1.8 months, and the median
OS was 6.2 months. The 6-month and 12-month OS rates were 53% and 29%, respectively. 
The ORR (confirmed and unconfirmed) per RECIST 1.1 by investigator review was 17% 
(95% CI: 5%-39%) [Bang, Y. J., et al 2015] [Ott, P. A., et al 2018]. One response was a CR 
and 3 responses were PRs by investigator review (n=4). Across all cohorts in KEYNOTE-
028, AEs were reported for 96% of the 475 participants treated with pembrolizumab. The AE 
profile was favorable, and only 4% of participants discontinued treatment due to an AE.

KEYNOTE-158 (NCT02628067) [Ueno, M., et al 2018] a Phase 2, multicohort study 
included participants with advanced BTC with prior progression or intolerance on standard 
chemotherapy. A total of 104 participants were enrolled, and among those, 61 had a tumor 
positive for PD-L1 expression (combined positive score [CPS] ≥1). Approximately half 
(52%) of participants had 2 or more prior lines of therapy. An overall response rate of 5.8% 
was noted with a DOR of >15 months in 2 participants. The median DOR was not reached. 
The median PFS was 2.0 months (95% CI: 1.9–2.1) and median OS was 9.1 months (95% CI:
5.6–10.4). Among participants with PD-L1 CPS ≥1, the ORR was 6.6 %, the median PFS 
was 2.1 months and the median OS was 9.6 months. Participants with CPS <1 had an ORR 
of 2.9%, median PFS was 1.9 months, and OS was 7.2 months. None of the participants were 
found to be microsatellite instability-high (MSI-H). The overall toxicity profile was 
manageable, and activity was seen regardless of PD-L1 status.

These data support modest efficacy of pembrolizumab monotherapy in advanced BTC.

2.2.4 Ongoing Clinical Studies in Biliary Cancer

Several other PD-1 and PD-L1 inhibitors are under investigation for BTC. Nivolumab is 
being evaluated as a single agent in the second-line setting (NCT02829918) in a Phase 2
study. Data from first 34 participants was reported. Out of 29 participants evaluable for 
response, 5 pts (17%) achieved PR and 11 pts (38%) achieved SD. The DCR was 55%. The
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median PFS was 3.5 months [Kim, R., et al 2018]. At median follow-up of 8 months, OS had 
not been reached; the 6-month OS was 76.3%. In a Phase 1 study conducted in Japan,
nivolumab in combination with gemcitabine and cisplatin in first-line was compared to single
agent nivolumab in a refractory setting [Ikeda, M., et al 2019]. A total of 60 participants were 
enrolled, 30 participants in each cohort, and treatment was well tolerated in both cohorts. An 
ORR of 3.3% (90% CI: 0.7–13.6%) and a median OS of 5.2 months (90% CI: 4.5–8.7 
months) was reported with nivolumab monotherapy. In the combination cohort, the ORR was 
36.7% (90% CI: 23.9–51.7%) and the median OS was 15.4 months (90% CI: 11.8–Not 
estimable). Combination therapy seemed tolerable in this patient population with an expected 
adverse effect profile. In the combination arm, though a higher response rate was observed in 
the subgroup with PD-L1 expression ≥1% in tumor cells (n = 8), OS was better in the group 
with PD-L1 expression <1% in tumor cells (n = 21), however, due to the small number of 
participants, a reliable correlation could not be established with PD-L1 status.

A randomized Phase 2 study of nivolumab in combination with gemcitabine and cisplatin 
versus ipilimumab is ongoing with PFS as the primary endpoint (NCT03101566). Other 
agents under active investigation include durvalumab, tremelimumab and atezolizumab. A 
Phase 1 study from Asia evaluating durvalumab and durvalumab/tremelimumab combination 
included advanced BTC in an expansion cohort. Safety and efficacy data were reported after 
107 participants were enrolled [Ioka, T., et al 2019]. A total of 42 participants were recruited 
to the durvalumab cohort followed by 65 participants in the durvalumab and tremelimumab 
combination group. Partial response was seen in 2/42 participants in the monotherapy group 
(4.8%) and 7/65 in the combination group (10.8%). Median OS was 8.1 months (95% CI, 
5.6–10.1) for the monotherapy group and 10.1 months (95% CI, 6.2–11.4) for the 
combination group. The DOR was 9.6 months and 9.7 months for the 2 participants in the 
monotherapy group. The median DOR was 8.5 months for participants receiving 
combination therapy.

Atezolizumab is being studied in combination with pegvorhyaluronidase alfa (PEGPH20), 
cisplatin, and gemcitabine in a Phase 1b study in advanced biliary cancers. After enrollment 
of the first 48 participants, no significant toxicities were reported. One dose-limiting toxicity 
with febrile neutropenia was seen in the initial Run-in Phase.

2.2.5 Rationale and Safety of Combining Pembrolizumab with Gemcitabine and 
Cisplatin

Cisplatin-based combination chemotherapy with gemcitabine is the standard first-line 
treatment in the US (NCCN Guidelines), Japan (Japanese Society of Hepato-Biliary-
Pancreatic Surgery guidelines), Europe (ESMO guidelines) and several other countries 
worldwide for patients with advanced or unresectable BTC. Several lines of evidence support 
the rationale to add pembrolizumab therapy to gemcitabine/cisplatin. First, gemcitabine has 
been shown to lead to immunogenic cell death. However, gemcitabine may have 
additive/synergistic effects with anti-PD-L1. Despite modest single agent activity, and a 
reduction in the levels of activated intratumoral CD8+ T-cells, combination of gemcitabine 
and anti-PD-L1 treatment resulted in enhanced antitumor responses with 40% CRs [Cubas, 
R., et al 2018]. There is no antagonistic effect of gemcitabine/cisplatin in combination with 
concurrent pembrolizumab. Phase 2 combination of ipilimumab with gemcitabine/cisplatin in 
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bladder cancer has shown in pharmacodynamic (PD) data that the addition of ipilimumab 
leads to immunostimulatory effects in circulating cells, suggesting that chemotherapy may 
not necessarily abrogate immune effects of checkpoint blockade [Galsky, M. D., et al 2018].

Additionally, Phase 1 combinations of an immune checkpoint inhibitor therapy with 
platinum-containing doublet chemotherapy have been reported to show tolerability in 
NSCLC [Papadimitrakopoulou, V., et al 2015]. In metastatic NSCLC, a Phase 3 study
KEYNOTE-189 shown that treatment with pembrolizumab, pemetrexed, and platinum
resulted in significantly longer OS and PFS than pemetrexed plus platinum alone in the first-
line setting. Additionally, KEYNOTE-407 shown that pembrolizumab in combination with 
chemotherapy (carboplatin and either paclitaxel or nab-paclitaxel) led to an improvement in 
OS, PFS and ORR when compared to chemotherapy alone in first-line metastatic NSCLC. 
KEYNOTE-048 (NCT02358031) and KEYNOTE-059 (NCT02335411) have been 
investigating the addition of pembrolizumab to chemotherapy in head and neck cancer, and 
gastric cancer, respectively. Early reports from KEYNOTE-059 have shown manageable
toxicities [Bang, Y. J., et al 2019]. KEYNOTE-361 is a randomized, open label, Phase 3 
study of pembrolizumab with or without chemotherapy versus chemotherapy alone in 
participants with advanced urothelial carcinoma.

Nivolumab with gemcitabine and cisplatin has been evaluated in BTC in a Phase 1 study 
involving 2 patient cohorts [Ikeda, M., et al 2019]. Participants refractory or intolerant to 
gemcitabine/cisplatin were treated with nivolumab monotherapy and therapy naïve 
participants were treated with nivolumab in combination with gemcitabine and cisplatin in 
the first-line setting. A total of 60 participants were enrolled, 30 participants in each cohort 
and the AE profile was manageable in both cohorts. An ORR of 3.3% (0.7-13.6) and a 
median OS of 5.2 months (4.5-8.7) was reported with nivolumab monotherapy. In the 
combination cohort the ORRs were 36.7 % (23.9-51.7) and the median OS was 15.4 months 
(11.8-Not estimable) [Ueno, M., et al 2019]. In a study evaluating nivolumab monotherapy in 
participants in China with metastatic BTC treated in a nonclinical trial setting at a hospital, 
the median PFS was reported as 3.1 months (95% CI: 2.13–4.06 months) [Gou, M., et al 
2019]. One participant (3.3%) achieved CR, 5 (16.7%) achieved PR, 12 (40%) were SD, and 
12 (40%) were PD. The ORR and DCR were 20% and 60%, respectively, and the OS was not 
reported.

In summary, there are early phase data supporting safety and modest efficacy of 
pembrolizumab monotherapy in advanced BTC (KEYNOTE-158 and KEYNOTE-028), as 
well as studies showing safety and efficacy of pembrolizumab plus platinum chemotherapy 
combinations in several cancers including biliary, head and neck, lung and bladder cancers. 
The present randomized Phase 3 study has been designed to investigate the use of 
pembrolizumab in first-line setting in combination with SOC cytotoxic chemotherapy for 
potential additive or synergistic therapeutic advantage. The primary study hypothesis is that 
combination therapy (pembrolizumab + chemotherapy) is superior to chemotherapy only 
with respect to OS in nonbiomarker selected participants. A similar Phase 2 study involving 
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50 participants with advanced CCA in combination with the same chemotherapy 
(gemcitabine/cisplatin) is planned in collaboration with European Organization for Research 
and Treatment of Cancer (EORTC). Any early data about unexpected toxicity or efficacy 
seen in this study will be used for future considerations in the proposed study.

2.2.6 Delayed Treatment Effect With Immunotherapy

Immune agents like checkpoint inhibitors have an indirect mechanism of action on tumor 
cells unlike standard chemotherapeutic agents and hence may have a delay in treatment 
effect. Although not universal, delayed treatment effect has been observed in several studies 
evaluating immunotherapy. In a first-line study of melanoma comparing ipilimumab plus 
dacarbazine versus placebo plus dacarbazine, overall survival benefit was observed after the 
initial 4 months as seen in delayed separation of the survival curve [Robert, C., et al 2011]. In 
CheckMate 057, a study of nivolumab versus docetaxel for previously treated metastatic 
nonsquamous nonsmall-cell lung cancer, the experimental arm with immunotherapy was 
actually worse initially with subsequent improvement. The study led to FDA approval of 
nivolumab for metastatic nonsquamous non-small cell lung cancer after prior platinum-based 
chemotherapy [Kazandjian, D., et al 2016]. More recently, delayed separation of survival 
curves was seen in KEYNOTE-048, a Phase 3 study of pembrolizumab alone or with 
chemotherapy versus cetuximab with chemotherapy for recurrent or metastatic squamous cell 
carcinoma of the head and neck [Burtness, B., et al 2019]. Other examples include IMpower 
133 [Horn, L., et al 2018], IMpower 150 [Socinski, M. A., et al 2018], and KEYNOTE-062 
[Shitara, K., et al 2020].

In summary, delayed treatment effect has been noted with immunotherapy and may have a 
significant impact on statistical design and results of clinical studies with these agents. It 
would be prudent to account for delayed effect in the study design to make it more applicable 
to such agents and avoid stopping a study with a potentially effective regimen based on early 
results. 

2.3 Benefit/Risk Assessment

It cannot be guaranteed that participants in clinical studies will directly benefit from 
treatment during participation, as clinical studies are designed to provide information about 
the safety and effectiveness of an investigational medicine.

The benefit-risk profile for pembrolizumab in combination with chemotherapy in advanced
and/or unresectable BTC population is unknown since these participants have not been 
previously studied with this combination. The safety and efficacy data generated to date 
provide a favorable benefit/risk assessment for the continued use of pembrolizumab as a 
treatment for multiple indications including adjuvant and advanced/metastatic melanoma and 
advanced/metastatic NSCLC, head and neck carcinoma, urothelial tract cancer, 
adenocarcinoma of the stomach/gastroesophageal junction, cervical cancer and as an 
investigational medicinal product in participants with triple negative breast cancer, colorectal 
cancer, hematologic malignancies, and other advanced solid tumors.
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Based on pembrolizumab chemotherapy combination data from other indications and from 
data in early phase studies with BTC treated with pembrolizumab, a favorable benefits-risk 
profile is anticipated.

Participants in clinical studies generally cannot expect to receive direct benefit from 
treatment during participation, as clinical studies are designed to provide information about 
the safety and effectiveness of an investigational medicine. However, experience with this 
drug in combination with chemotherapy approved in other indications, suggests that study 
participants may receive a clinical benefit.

Additional details regarding specific benefits and risks for participants participating in this 
clinical study may be found in the accompanying IB and informed consent documents.

3 HYPOTHESES, OBJECTIVES, AND ENDPOINTS

In first-line therapy for participants with advanced and/or unresectable biliary tract 
carcinoma:

Although the original RECIST 1.1 publication recommends a maximum of 5 target lesions in 
total and 2 per organ, throughout this protocol, the term RECIST 1.1 refers to an adjustment
of RECIST 1.1 to allow a maximum of 10 target lesions in total and 5 per organ. Refer to 
Section 4.2.2.2 for further details.

Objectives Endpoints

Primary

 Objective: To compare overall survival 
(OS) between pembrolizumab plus 
gemcitabine/cisplatin and placebo plus 
gemcitabine/cisplatin

 Hypothesis (H1): Pembrolizumab plus 
gemcitabine/cisplatin is superior to 
placebo plus gemcitabine/cisplatin with 
respect to OS

 OS: the time from randomization to 
death due to any cause

Secondary

 Objective: To compare progression-free 
survival (PFS) per RECIST 1.1 as 
assessed by blinded independent central 
review (BICR) between pembrolizumab 
plus gemcitabine/cisplatin and placebo 
plus gemcitabine/cisplatin

 Hypothesis (H2): Pembrolizumab plus 
gemcitabine/cisplatin is superior to 
placebo plus gemcitabine/cisplatin with 
respect to PFS per RECIST 1.1 by BICR

 PFS: the time from randomization to 
the first documented PD per RECIST 
1.1 by BICR, or death due to any
cause, whichever occurs first
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Objectives Endpoints

 Objective: To compare objective 
response rate (ORR) per RECIST 1.1 as 
assessed by BICR between 
pembrolizumab plus 
gemcitabine/cisplatin and placebo plus 
gemcitabine/cisplatin

 Hypothesis (H3): Pembrolizumab plus 
gemcitabine/cisplatin is superior to 
placebo plus gemcitabine/cisplatin with 
respect to ORR per RECIST 1.1 as 
assessed by BICR

 Objective Response (OR): complete 
response (CR) or partial response (PR)

 Objective: To evaluate duration of 
response (DOR) per RECIST 1.1 as 
assessed by BICR

 DOR: for participants who show
confirmed CR or PR, the time from the 
first documented evidence of CR or PR 
until disease progression or death due 
to any cause, whichever occurs first

 Objective: To evaluate the safety and 
tolerability profile of pembrolizumab 
plus gemcitabine/cisplatin

 Adverse events (AEs)

 Study intervention discontinuations 
due to AEs

Tertiary/Exploratory

 Objective: To evaluate disease control 
rate (DCR) per RECIST 1.1 as assessed 
by BICR

 Disease Control (DC): a best overall 
response of CR, PR, or stable disease 
(SD). SD must be achieved at ≥6 
weeks after randomization to be 
considered best overall response

 Objective: To evaluate efficacy outcomes 
per RECIST 1.1 modified for immune-
based therapeutics (iRECIST) as assessed 
by the investigator

 PFS, OR, DOR, DC

 Objective: To evaluate efficacy outcomes 
per RECIST 1.1 as assessed by the 
investigator

 PFS, OR, DOR, DC

 Objective: To compare PFS and ORR per 
RECIST 1.1 as assessed by BICR and OS 
by PD-L1 status (CPS ≥1 versus <1, and 
additional cutoff ≥10) between 
pembrolizumab plus 
gemcitabine/cisplatin and placebo plus 
gemcitabine/cisplatin

 PFS, OR, OS
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Objectives Endpoints

 To evaluate PFS per RECIST 1.1 as 
assessed by BICR and OS by MSI status

 PFS, OS

 Objective: To identify molecular 

plus 
gemcitabine/cisplatin 



 Objective: To compare time to 
deterioration (TTD) and score change 
from baseline in global quality of life 
using the EORTC Quality of Life (QOL) 
Questionnaire (EORTC QLQ) -C30 and 
EORTC QLQ-BIL21 between 
pembrolizumab plus 
gemcitabine/cisplatin and placebo plus 
gemcitabine/cisplatin

 Scores from the global health 
status/QOL scale on the EORTC QLQ-
C30 and EORTC QLQ- BIL21

 TTD: the time to first onset of a 10 
point or more decrease from baseline. 
TTD evaluated for EORTC QLQ-C30 
and EORTC QLQ-BIL21 global health 
status/QOL 

 Objective: To characterize health utilities 
using the EuroQoL-5 Dimension 
Questionnaire, 5-Level (EQ-5D-5L) 
healthy utility scores

 EQ-5D-5L health utility score

 Objective:

of adverse events



4 STUDY DESIGN

4.1 Overall Design

This is a randomized, placebo-controlled, parallel-group, multi-site, double blind study of 
pembrolizumab plus gemcitabine/cisplatin versus placebo plus gemcitabine/cisplatin in 
participants with advanced (metastatic) and/or unresectable (locally advanced) biliary tract 
carcinoma (intra- or extrahepatic cholangiocarcinoma or gallbladder). Participants must have 
measurable disease based on Response Evaluation Criteria in Solid Tumors (RECIST) 1.1, as 
determined by investigator/site radiologist. Lesions situated in a previously irradiated area by 
either radiotherapy, photodynamic therapy, or arterial embolization are considered 
measurable if progression has been shown in such lesions. Other key eligibility criteria 
include no prior systemic therapy, and an ECOG performance scale (PS) score of 0 or 1.
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Approximately 1048 participants are expected to be randomized 1:1 into 1 of the 2 treatment 
arms:

Arm A:

Pembrolizumab 200 mg IV on Day 1 Q3W + gemcitabine 1000 mg/m2 IV and cisplatin 
25 mg/m2 IV on Day 1 and Day 8 Q3W.

Arm B:

Placebo (saline) IV on Day 1 Q3W + gemcitabine 1000 mg/m2 IV and cisplatin 25 mg/m2 IV 
on Day 1 and Day 8 Q3W.

Eligible participants will be stratified by 1) Region (Region 1: Asia versus Region 2: Non-
Asia), 2) locally advanced versus metastatic, and 3) site of origin (gallbladder, intrahepatic, 
or extrahepatic).

After enrollment of the global portion of the study is complete, the study may remain open to 
enrollment in China alone until approximately 158 participants in China have been enrolled 
to meet local regulatory requirements. An extension portion of the study will be identical to 
the global portion (eg, inclusion and exclusion criteria, study endpoints, primary and 
secondary objectives, and study procedures) in general, with the exception of an additional 
statistical analysis plan for China participants. Details of the analysis will be provided in a 
separate supplemental statistical analysis plan (sSAP).

This protocol does not allow participants to cross over between arms. During the initial 
intervention phase, cisplatin is given for a maximum of 8 cycles. Pembrolizumab or placebo
will continue until up to 35 administrations, documented disease progression, unacceptable 
adverse event(s), intercurrent illness that prevents further administration of study 
intervention, investigator’s decision to withdraw the participant, participant withdraws 
consent, pregnancy of the participant, noncompliance with study intervention or procedure 
requirements, or administrative reasons. Gemcitabine will continue until documented disease 
progression, unacceptable adverse event(s), intercurrent illness that prevents further 
administration of study intervention, investigator’s decision to withdraw the participant, 
participant withdraws consent, pregnancy of the participant, noncompliance with study 
intervention or procedure requirements, or administrative reasons.

Participants in Arm A who stop study intervention after achieving SD or better may be 
eligible to receive additional pembrolizumab for up to 17 cycles if they experience 
radiographic disease progression while off study intervention, according to the criteria in 
Section 6.1.2. Gemcitabine may be continued until PD or unacceptable toxicity during 
second course at investigator’s discretion. This retreatment is termed the Second Course 
Phase of this study. Participants are unblinded individually upon disease progression while 
off study intervention, and are able to participate in the Second Course Phase only if they 
were receiving pembrolizumab originally, and if the study remains open. An objective 
response or disease progression that occurs during the Second Course Phase for a participant 
will not be counted as an event for the primary analysis in this study. The decision to re-treat 
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will be at the discretion of the investigator only if no cancer treatment was administered since 
the last dose of study intervention and the participant still meets the safety parameters listed 
in the inclusion/exclusion criteria (refer to Sections 5.1 and 5.2 for further details). During 
this phase, the participant may resume the same previously administered systemic cytotoxic 
chemotherapy at the discretion of the local site investigator.

The primary endpoint in this study is OS.

Adverse events will be monitored throughout the study and graded in severity according to 
the guidelines outlined in the National Cancer Institute (NCI) Common Terminology Criteria 
for Adverse Events (CTCAE) Version 5.0.

The first on treatment imaging assessment will be performed at 6 weeks (42 days +7 days) 
from the date of randomization. Subsequent tumor imaging should be performed Q6W (42 
days ±7 days) through Week 54 and Q12W (84 days ± 7 days) thereafter. Progressive disease 
will be verified by BICR per RECIST 1.1 and may be further confirmed at the site by 
subsequent imaging per iRECIST. Refer to Section 8.2.1 for details about tumor imaging and 
assessments.

After verification of progression by BICR per RECIST 1.1 and/or initiation of a subsequent 
anticancer treatment, all participants will be followed for survival until death, withdrawal of 
consent, loss to follow-up, or until the study is concluded or terminated early, whichever 
comes first.

Specific procedures to be performed during the study, as well as their prescribed times and 
associated visit windows, are outlined in the SoA in Section 1.3. Details of each procedure 
are provided in Section 8.

There are interim efficacy/immunogenicity analyses in this study. Details of these interim 
analyses are described in Section 9.

4.2 Scientific Rationale for Study Design

This study is designed as a double blind placebo-controlled study evaluating addition of 
pembrolizumab to the SOC chemotherapy combination of gemcitabine and cisplatin. The 
experimental arm (Arm A) consists of chemotherapy with pembrolizumab, and the 
comparator arm (Arm B) consists of chemotherapy with placebo. The use of a placebo 
control with pembrolizumab will allow unbiased evaluation of this novel combination 
therapy. Additionally, pembrolizumab in combination with gemcitabine and cisplatin is 
currently being evaluated in participants with advanced urothelial carcinoma. The adverse 
event profile of the combination of pembrolizumab with chemotherapy has been generally 
comparable to chemotherapy alone. This allows blinding to be an appropriate strategy for 
evaluation of the combined activity in this population with few options for treatment.
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4.2.1 Rationale for Stratification Factors

Geographic region stratification includes 2 categories: a) Asia b) Non-Asia. Because of 
known ethnic differences in incidence, clinical practice, primary tumor location, and 
prognosis of BTC, stratification of geographic region is required to get equal distribution of 
treatment groups in different populations.

Presentation with locally advanced disease, which is unresectable, versus Stage IV disease 
with distant organ metastatic involvement has been shown to have significant impact on 
clinical outcome and, hence, is used for stratification to ensure balance between treatment 
arms.

Location of tumor is an important consideration as the subtypes of BTC 
(gallbladder/intrahepatic/extrahepatic bile duct cancers) are distinct biological entities based 
on molecular characterization and clinical behavior. Site of origin has been used as a 
stratification factor in a number of studies involving BTC including ABC-02 [Valle, J., et al 
2010]. Additionally, based on next generation sequencing data, there is variability in these 
subtypes with respect to actionable mutations [Nakamura, H., et al 2015] [Shibata, T., et al 
2018] [Chan-On, W., et al 2013] [Javle, M., et al 2015] and potential targeted therapy 
options.

4.2.2 Rationale for Endpoints

4.2.2.1 Efficacy Endpoints

This study will use OS as the primary endpoint.

The endpoint of OS is the gold standard for demonstrating superiority of antineoplastic 
therapy in clinical studies. In biliary tract cancer, life expectancy is short and hence OS as a 
sole primary endpoint is feasible. Additionally, PFS improvement in the absence of OS may 
not be clinically meaningful, supporting OS as a sole primary endpoint and PFS, OR, and 
DOR as secondary endpoints. Progression-free survival as a secondary endpoint is an 
acceptable measure of clinical benefit for a late stage study that shows superiority of a new 
antineoplastic therapy, especially if the magnitude of the effect is large and the therapy has 
an acceptable risk/benefit profile. The use of BICR and RECIST 1.1 to assess PFS is 
typically considered acceptable by regulatory authorities. Images will be submitted to an 
imaging CRO (iCRO) and read by an independent central review blinded to treatment 
assignment to minimize bias in the response assessments. In addition, the final determination 
of radiologic progression will be based on the central assessment of progression, rather than a 
local site investigator/radiology assessment. Expedited verification of radiologic progression, 
as determined by central review, will be communicated to the site.

OR is an acceptable measure of clinical benefit for a late stage study that shows superiority 
of a new antineoplastic therapy, especially if the magnitude of the effect is large and the 
therapy has an acceptable risk/benefit profile. Images will be read per RECIST 1.1 by BICR
to minimize bias in the response assessments.
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DOR per RECIST 1.1, assessed by BICR, will serve as an additional measure of efficacy and 
is a commonly accepted endpoint by both regulatory authorities and the oncology 
community.

4.2.2.2 RECIST 1.1

RECIST 1.1 will be used when assessing images for efficacy measures. Although the original
RECIST 1.1 publication recommends a maximum of 5 target lesions in total and 2 per organ, 
this protocol has implemented an adjustment to RECIST 1.1 to allow a maximum of 10 target 
lesions in total and 5 per organ, if a larger number of target lesions is needed to adequately 
represent the tumor burden. Refer to Section 8.2.1.5 for additional detail.

4.2.2.3 iRECIST

RECIST 1.1 will be adapted to account for the unique tumor response characteristics seen 
following treatment with pembrolizumab (refer to Section 8.2.1.6). Immunotherapeutic 
agents such as pembrolizumab may produce antitumor effects by potentiating endogenous 
cancer-specific immune responses. The response patterns seen with such an approach may 
extend beyond the typical time course of responses seen with cytotoxic agents, and patients 
treated with pembrolizumab may manifest a clinical response after an initial increase in 
tumor burden or even the appearance of new lesions. Thus, standard RECIST 1.1 may not 
provide an accurate response assessment of immunotherapeutic agents such as 
pembrolizumab. Based on an analysis of participants with melanoma enrolled in KEYNOTE-
001 (KN001), 7% of evaluable participants experienced delayed or early tumor pseudo-
progression. Of note, participants who had progressive disease (PD) by RECIST 1.1 but not 
by the immune-related response criteria [Wolchok, J. D., et al 2009] had longer overall 
survival than participants with PD by both criteria [Hodi, F. S., et al 2014]. Additionally, the 
data suggest that RECIST 1.1 may underestimate the benefit of pembrolizumab in 
approximately 15% of participants. These findings support the need to apply a modification 
to RECIST 1.1 that takes into account the unique patterns of atypical responses in 
immunotherapy and enables treatment beyond initial radiographic progression, if the 
participant is clinically stable.

Modified RECIST 1.1 for immune-based therapeutics (iRECIST) assessment has been 
developed and published by the RECIST Working Group, with input from leading experts 
from industry and academia, along with participation from the US Food and Drug 
Administration and the European Medicines Agency [Seymour, L., et al 2017]. The 
unidimensional measurement of target lesions, qualitative assessment of nontarget lesions, 
and response categories are identical to RECIST 1.1, until progression is seen by RECIST 
1.1. However, if a participant is clinically stable, additional imaging may be performed to 
confirm radiographic progression. iRECIST will be used by investigators to assess tumor 
response and progression and make treatment decisions as well as for exploratory efficacy 
analyses when specified.
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4.2.2.4 Safety Endpoints

Safety parameters commonly used for evaluating investigational systemic anticancer 
treatments are included as safety endpoints including, but not limited to, the incidence of, 
causality, and outcome of adverse events (AEs)/serious adverse events (SAEs); and changes 
in vital signs and laboratory values. AEs will be assessed as defined by CTCAE, Version 5.0.

4.2.2.5 Patient-reported Outcomes

The EORTC QLQ-C30, EuroQoL-5D-5L (EQ-5D-5L), and EORTC QLQ-BIL21 patient-
reported outcomes (PROs) are not pure efficacy or safety endpoints because they are affected 
by both disease progression and treatment tolerability.

4.2.2.5.1 EORTC QLQ-C30

EORTC QLQ-C30 is the most widely used cancer-specific, health-related quality of life 
(QOL) instrument, which contains 30 items and measures 5 functional dimensions (physical, 
role, emotional, cognitive, and social), 3 symptom items (fatigue, nausea/vomiting, and pain), 
6 single items (dyspnea, sleep disturbance, appetite loss, constipation, diarrhea, and financial 
impact), and a global health and QOL scale [Aaronson, N. K., et al 1993]. It is scored on a 4-
point scale (1=not at all, 2=a little, 3=quite a bit, 4=very much). The EORTC QLQ-C30 
global health status/QOL scale uses a 7-point scale scoring with anchors (1=very poor and 
7=excellent). The EORTC QLQ-C30 is a psychometrically and clinically validated 
instrument appropriate for assessing QOL in oncology studies [Aaronson, N. K., et al 1993].

4.2.2.5.2 EuroQoL EQ-5D-5L

The EQ-5D-5L is a standardized instrument for use as a measure of health outcome and will 
provide data to develop health utilities for use in health economic analyses [Rabin, R. 2001]. 
The 5 health state dimensions in the EQ-5D-5L include the following: mobility, selfcare, 
usual activities, pain/discomfort, and anxiety/depression. Each dimension is rated on a 5-
point scale from 1 (no problem) to 5 (unable to/extreme problems). The EQ-5D-5L also 
includes a graded (0 to 100) vertical visual analog scale on which the participant rates his or 
her general state of health at the time of the assessment. This instrument has been used 
extensively in cancer studies and published results from these studies support its validity and 
reliability [Pickard, A. S., et al 2007].

4.2.2.5.3 EORTC QLQ-BIL21

The EORTC QLQ-BIL21 is a validated questionnaire for the assessment of QOL in patients 
with CCA and GBC. The EORTC QLQ-BIL21 consists of 21 questions. Three single items 
assess treatment side effects, difficulties with drainage bags/tubes and concerns regarding 
weight loss. Eighteen items are grouped into 5 scales: eating symptoms (4 items), jaundice 
symptoms (3 items), tiredness (3 items), pain symptoms (4 items) and anxiety symptoms (4 
items). The response is provided on a 4-point Likert scale.
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4.2.2.6 Pharmacokinetic Endpoints

Based on pharmacokinetic (PK) data obtained in this study and from other studies, observed 
pembrolizumab data coadministered with gemcitabine/cisplatin will be compared to 
historical monotherapy pembrolizumab PK data to support the proposed dosing regimen.
Blood samples will also be obtained to measure antidrug antibodies (ADA) of 
pembrolizumab. Simultaneous PK sampling is required for interpretation of ADA analysis.

4.2.2.7 Planned Exploratory Biomarker Research
CCI
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4.2.2.8 Future Biomedical Research

The Sponsor will conduct future biomedical research on specimens for which consent was 
provided during this study. This research may include

depending on which specimens are consented for 
future biomedical research.

Such research is for biomarker testing to address emergent questions not described elsewhere 
in the protocol (as part of the main study) and will only be conducted on specimens from 
appropriately consented participants. The objective of collecting/retaining specimens for 
future biomedical research is

The 

4.2.3 Rationale for the Use of Comparator/Placebo

In this study, all participants will receive the current SOC, gemcitabine and cisplatin. 
Participants will be randomized at enrollment to the pembrolizumab or placebo plus 
gemcitabine/cisplatin. Intervention groups are expected to receive 35 administrations of 
pembrolizumab or placebo (approximately 2 years). Placebo will be normal saline solution 
prepared by the local unblinded pharmacist, dosed and administered in the same manner as 
the investigational product. The Phase 3 ABC-02 study has established the 
gemcitabine/cisplatin combination as a SOC for BTC for patients with ECOG PS 0 or 1, 
achieving a median survival close to a year (11.7 months) for gemcitabine/cisplatin, 
compared with 8.1 months for gemcitabine alone (HR 0.64, 95% CI: 0.52-0.80; p <0.001) 
[Valle, J., et al 2010] with a similar benefit in the randomized Phase 2 Japanese study, BT22
[Okusaka, T., et al 2010]. Placebo is being used as a control to allow for a blinded study,
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thereby limiting bias and providing a control arm that is consistent with SOC for patients 
with BTC.

4.3 Justification for Dose

The planned dose of pembrolizumab for this study is 200 mg every 3 weeks (Q3W). Based 
on the totality of data generated in the Keytruda development program, 200 mg Q3W is the 
appropriate dose of pembrolizumab for adults across all indications and regardless of tumor 
type. As outlined below, this dose is justified by:

• Clinical data from 8 randomized studies demonstrating flat dose- and exposure-efficacy 
relationships from 2 mg/kg Q3W to 10 mg/kg every 2 weeks (Q2W),

• Clinical data showing meaningful improvement in benefit-risk including overall survival 
at 200 mg Q3W across multiple indications, and

• Pharmacology data showing full target saturation in both systemic circulation (inferred 
from pharmacokinetic [PK] data) and tumor (inferred from physiologically-based PK 
[PBPK] analysis) at 200 mg Q3W

Among the 8 randomized dose-comparison studies, a total of 2262 participants were enrolled 
with melanoma and non-small cell lung cancer (NSCLC), covering different disease settings 
(treatment naïve, previously treated, PD-L1 enriched, and all-comers) and different treatment 
settings (monotherapy and in combination with chemotherapy). Five studies compared 2 
mg/kg Q3W versus 10 mg/kg Q3W (KN001 Cohort B2, KN001 Cohort D, KN002, KN010, 
and KN021), and 3 studies compared 10 mg/kg Q3W versus 10 mg/kg Q2W (KN001 Cohort 
B3, KN001 Cohort F2 and KN006). All of these studies demonstrated flat dose- and 
exposure-response relationships across the doses studied representing an approximate 5- to 
7.5-fold difference in exposure. The 2 mg/kg (or 200 mg fixed-dose) Q3W provided similar 
responses to the highest doses studied. Subsequently, flat dose-exposure-response
relationships were also observed in other tumor types including head and neck cancer, 
bladder cancer, gastric cancer and classical Hodgkin Lymphoma, confirming 200 mg Q3W 
as the appropriate dose independent of the tumor type. These findings are consistent with the 
mechanism of action of pembrolizumab, which acts by interaction with immune cells, and 
not via direct binding to cancer cells.

Additionally, pharmacology data clearly show target saturation at 200 mg Q3W. First, PK 
data in KN001 evaluating target-mediated drug disposition (TMDD) conclusively 
demonstrated saturation of PD-1 in systemic circulation at doses much lower than 200 mg 
Q3W. Second, a PBPK analysis was conducted to predict tumor PD-1 saturation over a wide 
range of tumor penetration and PD-1 expression. This evaluation concluded that 
pembrolizumab at 200 mg Q3W achieves full PD-1 saturation in both blood and tumor.

Finally, population PK analysis of pembrolizumab, which characterized the influence of 
body weight and other participant covariates on exposure, has shown that the fixed-dosing 
provides similar control of PK variability as weight based dosing, with considerable overlap 
in the distribution of exposures from the 200 mg Q3W fixed dose and 2 mg/kg Q3W dose. 
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Supported by these PK characteristics, and given that fixed-dose has advantages of reduced 
dosing complexity and reduced potential of dosing errors, the 200 mg Q3W fixed-dose was 
selected for evaluation across all pembrolizumab protocols.

Gemcitabine at 1000 mg/m2 and cisplatin at 25 mg/m2 are administered on Day 1 and Day 8 
of a 21-Day cycle. This dose of gemcitabine/cisplatin was used in the ABC-02 study, which
defined gemcitabine/cisplatin as the SOC for advanced BTC. Based on global clinical 
practice patterns, gemcitabine will be administered until PD or unacceptable toxicity, 
cisplatin will be administered for a maximum of 8 cycles.

4.4 Beginning and End of Study Definition

The overall study begins when the first participant (or their legally acceptable representative) 
provides documented informed consent. The overall study ends when the last participant 
completes the last study-related contact, withdraws consent, or is lost to follow-up (ie, the 
participant is unable to be contacted by the investigator).

Upon study completion, participants are discontinued and may be enrolled in a 
pembrolizumab extension study.

4.4.1 Clinical Criteria for Early Study Termination

The clinical study may be terminated early if the extent (incidence and/or severity) of 
emerging effects/clinical endpoints is such that the risk/benefit ratio to the study population 
as a whole is unacceptable. In addition, further recruitment in the study or at (a) particular 
study site(s) may be stopped due to insufficient compliance with the protocol, Good Clinical 
Practice (GCP), and/or other applicable regulatory requirements, procedure-related problems 
or the number of discontinuations for administrative reasons is too high.

5 STUDY POPULATION

Participants with advanced and/or unresectable hepatobiliary carcinoma will be enrolled in 
this study.

Prospective approval of protocol deviations to recruitment and enrollment criteria, also 
known as protocol waivers or exemptions, is not permitted.

5.1 Inclusion Criteria

A participant will be eligible for inclusion in the study if the participant:

Type of Participant and Disease Characteristics

1. Has histologically confirmed diagnosis of advanced (metastatic) and/or unresectable 
(locally advanced) biliary tract cancer (intra-or extrahepatic cholangiocarcinoma or 
gallbladder cancer).
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2. Has measurable disease based on RECIST 1.1, as determined by the site investigator.
Lesions situated in a previously treated area by either radiotherapy, photodynamic 
therapy, or arterial embolization are considered measurable if progression has been 
shown in such lesions and they meet criteria for measurable disease per RECIST 1.1.

3. Participants with past or ongoing HCV infection are eligible for the study.

4. Participants with controlled hepatitis B are eligible for the study, as long as they meet the 
following criteria:

•

•

Demographics

5. Is male or female, from at least 18 years of age inclusive, at the time of signing the 
informed consent.

Male Participants

6. Male participants are eligible to participate if they agree to the following during the 
intervention period and for at least and through 180 days after the last dose of 
chemotherapy:

• Refrain from donating sperm

PLUS either:

• Be abstinent from heterosexual intercourse as their preferred and usual lifestyle (abstinent 
on a long-term and persistent basis) and agree to remain abstinent

OR

CCI

CCI

CCI
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• Must agree to use contraception unless confirmed to be azoospermic (vasectomized or 
secondary to medical cause [Appendix 5]), as detailed below:

- Agree to use a male condom plus partner use of an additional contraceptive method 
when having penile-vaginal intercourse with a WOCBP who is not currently 
pregnant. Note: Men with a pregnant or breastfeeding partner must agree to remain 
abstinent from penile-vaginal intercourse or use a male condom during each episode 
of penile-vaginal penetration.

• Male participants must also agree to use a male condom when engaging in any activity 
that allows for passage of ejaculate to another person of any sex.

• Contraceptive use by men should be consistent with local regulations regarding the 
methods of contraception for those participating in clinical studies. If the contraception 
requirements in the local label for any of the study interventions is more stringent than 
the requirements above, the local label requirements are to be followed.

Female Participants

7. A female participant is eligible to participate if she is not pregnant or breastfeeding, and 
at least one of the following conditions applies:

• Is not a woman of childbearing potential (WOCBP)

OR

• Is a WOCBP and using a contraceptive method that is highly effective (with a failure rate 
of <1% per year), with low user dependency, or be abstinent from heterosexual 
intercourse as their preferred and usual lifestyle (abstinent on a long-term and persistent 
basis), as described in Appendix 5 during the intervention period and for at least and 
through 210 days after the last dose of chemotherapy or through 120 days after the last 
dose of pembrolizumab or placebo, whichever is greater, and agrees not to donate eggs 
(ova, oocytes) to others or freeze/store for her own use for the purpose of reproduction 
during this period. The investigator should evaluate the potential for contraceptive 
method failure (ie, noncompliance, recently initiated) in relationship to the first dose of 
study intervention.

- A WOCBP must have a negative highly sensitive pregnancy test (urine or serum, as 
required by local regulations) within 24 hours (urine) or 72 hours (serum) before the 
first dose of study intervention.

Note: If 24 hours (for urine) or 72 hours (for serum) have elapsed between the 
screening pregnancy test and the first dose of study treatment, another pregnancy test 
(urine or serum) must be performed and must be negative in order for participant to 
start receiving study medication.
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Note: In regions where required via documented regulatory request (and subsequently 
approved by the Sponsor), pregnancy tests within 24 hours prior to treatment 
allocation will be required.

- If a urine test cannot be confirmed as negative (eg, an ambiguous result), a serum 
pregnancy test is required. In such cases, the participant must be excluded from 
participation if the serum pregnancy result is positive.

- Additional requirements for pregnancy testing during and after study intervention are 
located in Appendix 2.

- The investigator is responsible for review of medical history, menstrual history, and 
recent sexual activity to decrease the risk for inclusion of a woman with an early 
undetected pregnancy.

- Contraceptive use by women should be consistent with local regulations regarding the 
methods of contraception for those participating in clinical studies. If the 
contraception requirements in the local label for any of the study interventions is 
more stringent than the requirements above, the local label requirements are to be 
followed.

Informed Consent

8. The participant (or legally acceptable representative) has provided documented informed 
consent for the study. The participant may also provide consent for future biomedical 
research. However, the participant may participate in the study without participating in 
future biomedical research.

Additional Categories

9. Have a performance status of 0 or 1 on the ECOG performance scale within 3 days prior 
to the first dose of study intervention.

10. Provide archival tumor tissue sample or newly obtained core or excisional biopsy of a 
tumor lesion not previously irradiated (ie, obtained for histological confirmation) for 
biomarker analysis. The tumor tissue must be received by the central vendor and be
deemed adequate for biomarker analysis evaluation, including but not limited to PD-L1 
and MSI biomarker analysis, prior to participant randomization. Formalin-fixed, paraffin-
embedded (FFPE) tissue blocks are preferred to slides. Newly obtained biopsies are 
preferred to archived tissue.

Note: Details pertaining to tumor tissue submission can be found in the laboratory 
manual.

11. Have a life expectancy of greater than 3 months.

Note: Participants with malignant ascites at baseline will be excluded.

0880QN



PRODUCT: MK-3475  72

PROTOCOL/AMENDMENT NO.: 966-06

MK-3475-966-06 FINAL PROTOCOL 16-JUN-2022

12. Have adequate organ function, as defined in the following table (Table 3). Specimens 
must be collected within 14 days prior to the first dose of study intervention.

Table 3 Adequate Organ Function Laboratory Values

System Laboratory Value

Hematological

Absolute neutrophil count (ANC) ≥1500/µL

Platelets ≥100 000/µL

Hemoglobin ≥9.0 g/dL or ≥5.6 mmol/La

Renal

Creatinine OR
Measured or calculatedb creatinine clearance

≤1.5 × ULN OR
≥60 mL/min for participant with creatinine levels 
>1.5 × institutional ULN

Hepatic

Total bilirubin ≤1.5 ×ULN OR direct bilirubin ≤ULN for participants 
with total bilirubin levels >1.5 × ULN

AST (SGOT) and ALT (SGPT) ≤2.5 × ULN (≤5 × ULN for participants with liver 
metastases)

Coagulation

International normalized ratio (INR) OR 
prothrombin time (PT)

Activated partial thromboplastin time (aPTT)

≤1.5 × ULN unless participant is receiving 
anticoagulant therapy as long as PT or PTT is within 
therapeutic range of intended use of anticoagulants

ALT (SGPT)=alanine aminotransferase (serum glutamic pyruvic transaminase); AST (SGOT)=aspartate 
aminotransferase (serum glutamic oxaloacetic transaminase); ULN=upper limit of normal.
aCriteria must be met without erythropoietin dependency and without packed red blood cell (pRBC) 
transfusion within last 2 weeks.
bCreatinine clearance (CrCl) should be calculated using the Cockcroft-Gault Method: Refer to Appendix 10 
for appropriate calculation. Refer to Section 6.6.2.2 for CrCl requirement prior to administration of first dose 
of cisplatin.

Note: This table includes eligibility-defining laboratory value requirements for treatment; laboratory value 
requirements should be adapted according to local regulations and guidelines for the administration of 
specific chemotherapies.

5.2 Exclusion Criteria

Refer to Section 10.7 (Appendix 7) for country-specific requirements.

The participant must be excluded from the study if the participant:

Medical Conditions

1. Has had previous systemic therapy for advanced (metastatic) or unresectable (locally 
advanced) biliary tract cancer (intra-or extra hepatic cholangiocarcinoma or gallbladder 
cancer), with the exception of neoadjuvant/adjuvant therapy which is allowed. 
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Neoadjuvant/adjuvant therapy should have been completed at least 6 months prior to 
diagnosis of advanced and/or unresectable disease, and participants should not have 
received gemcitabine and/or cisplatin in the neoadjuvant/adjuvant setting. Participants 
who received prior neoadjuvant/adjuvant therapy with R2 postoperative pathology of the 
oncologic resection are excluded.

2. Has ampullary cancer.

3. Has small cell cancer, neuroendocrine tumors, lymphoma, sarcoma, mixed tumor 
histology and/or mucinous cystic neoplasms.

Note: Participants with mixed HCC/cholangiocarcinoma may be included.

4. Has an active autoimmune disease that has required systemic treatment in the past 2 years 
(ie, with use of disease modifying agents, corticosteroids or immunosuppressive drugs). 
Replacement therapy (eg, thyroxine, insulin, or physiologic corticosteroid replacement 
therapy for adrenal or pituitary insufficiency, etc.) is not considered a form of systemic 
treatment and is allowed.

5. Has undergone major surgery and has not recovered adequately from the procedure
and/or complications from the surgery prior to starting study intervention.

6. A WOCBP who has a positive urine pregnancy test within 24 hours prior to 
administration of study intervention (see inclusion criterion 7 and Appendix 5). If the 
urine test is positive or cannot be confirmed as negative, a serum pregnancy test will be 
required.

Prior/Concomitant Therapy

7. Has received prior therapy with an anti-PD-1, anti-PD-L1, or anti-PD-L2 agent or with an 
agent directed to another stimulatory or coinhibitory T-cell receptor (eg, CTLA-4, 
OX-40, CD137).

8. Has received prior anticancer therapy (eg, TACE, palliative surgery) for advanced 
unresectable biliary tract cancer (intra-or extra hepatic cholangiocarcinoma or gallbladder 
cancer), including investigational agents within 4 weeks prior to randomization.

9. Has not recovered (ie, AE ≤Grade 1 or baseline) from AEs due to previously 
administered anticancer therapy. Participants with ≤Grade 2 neuropathy may be eligible
based on investigator assessment.

10. Has received prior radiotherapy within 2 weeks of start of study intervention. Participants 
must have recovered from all radiation-related toxicities, not require corticosteroids, and 
have not had radiation pneumonitis. A 1-week washout is permitted for palliative 
radiation (≤2 weeks of radiotherapy) to noncentral nervous system (CNS) disease if 
deemed safe by the investigator. A 2-week washout period is required for a longer course 
of radiation (>2 weeks).
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11. Has received a live vaccine within 30 days prior to the first dose of study intervention.

Note: Examples of live vaccines include, but are not limited to, the following: measles, 
mumps, rubella, varicella/zoster (chicken pox), yellow fever, rabies, Bacillus
Calmette-Guérin (BCG), and typhoid vaccine. Seasonal influenza vaccines for injection 
are generally killed virus vaccines and are allowed; however, intranasal influenza 
vaccines (eg, FluMist®) are live attenuated vaccines and are not allowed.

Prior/Concurrent Clinical Study Experience

12. Is currently participating in or has participated in a study of an investigational agent or 
has used an investigational device within 4 weeks prior to the first dose of study 
intervention.

Note: Participants who have entered the follow-up phase of an investigational study may 
participate as long as it has been 4 weeks after the last dose of the previous 
investigational agent.

Diagnostic Assessments

13. Has a diagnosis of immunodeficiency or is receiving chronic systemic steroid therapy (in 
dosing exceeding 10 mg daily of prednisone equivalent) or any other form of 
immunosuppressive therapy within 7 days prior to the first dose of study intervention.

14. Has a known additional invasive malignancy that is progressing or has required active 
treatment within the past 3 years.

Note: Participants with basal cell carcinoma of the skin, squamous cell carcinoma of the 
skin, or carcinoma in situ (eg, breast carcinoma, cervical cancer in situ) that have 
undergone potentially curative therapy are not excluded.

15. Has severe hypersensitivity (≥Grade 3) to pembrolizumab, gemcitabine, or cisplatin
and/or any of their excipients.

16. Has a history of (noninfectious) pneumonitis that required steroids or has current 
pneumonitis.

17. Has an active infection requiring systemic therapy, with the exception of HBV and HCV.

18. Has dual active HBV infection  and HCV 
infection  at study entry.

19. Has a known history of human immunodeficiency virus (HIV) infection.

Note: No HIV testing is required unless mandated by local health authority.

20. Has known active tuberculosis (TB; Bacillus tuberculosis). Note: No testing for TB is 
required unless mandated by local health authority.

CCI

CCI

0880QN



PRODUCT: MK-3475  75

PROTOCOL/AMENDMENT NO.: 966-06

MK-3475-966-06 FINAL PROTOCOL 16-JUN-2022

21. Has a known history of, or any evidence of, CNS metastases and/or carcinomatous 
meningitis, as assessed by local site investigator.

22. Has a history or current evidence of any condition, (eg, hearing impairment, etc.), 
therapy, or laboratory abnormality that might confound the results of the study, interfere 
with the participant's participation for the full duration of the study, or is not in the best 
interest of the participant to participate, in the opinion of the treating investigator.

23. Has a known psychiatric or substance abuse disorder that would interfere with the 
participant’s ability to cooperate with the requirements of the study.

Other Exclusions

24. Is pregnant or breastfeeding or expecting to conceive or father children within the 
projected duration of the study, starting with the screening visit through 180 days (male 
participants) or 210 days (female participants) after the last dose of chemotherapy or 
through 120 days (female participants only) after the last dose of pembrolizumab or 
placebo, whichever is greater.

25. Has had an allogenic tissue/solid organ transplant. 

5.3 Lifestyle Considerations

There are no lifestyle considerations defined for this study.

5.4 Screen Failures

Screen failures are defined as participants who consent to participate in the clinical study, but 
are not subsequently randomized in the study. A minimal set of screen failure information is 
required to ensure transparent reporting of screen failure participants to meet the 
Consolidated Standards of Reporting Trials (CONSORT) publishing requirements and to 
respond to queries from regulatory authorities. Minimal information includes demography, 
screen failure details, eligibility criteria, and any AEs or SAEs meeting reporting 
requirements as outlined in the data entry guidelines.

Rescreening is allowed in case of screen failure. Please refer to Section 8.11.1 - Screening for 
details.

5.5 Participant Replacement Strategy

A participant who discontinues from study intervention or withdraws from the study will not 
be replaced.
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6 STUDY INTERVENTION

Study intervention is defined as any investigational intervention(s), marketed product(s), 
placebo, or medical device(s) intended to be administered to a study participant according to 
the study protocol.

Clinical supplies will be packaged to support enrollment. Clinical supplies will be affixed 
with a clinical label in accordance with regulatory requirements.

6.1 Study Intervention(s) Administered

The study intervention(s) to be used in this study are outlined in Table 4.
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Table 4 Study Interventions

Arm 
Name Arm Type

Intervention 
Name Type

Dose 
Formu-
lation

Unit Dose 
Strength(s)

Dosage 
Level(s)

Route of 
Admini-
stration

Regimen/
Treatment 

Period/
Vaccination 

Regimen Use
IMP/
NIMP Sourcing

Arm A Experimental Pembrolizumab Drug Sterile 
Suspension 
(Vial)

25 mg/mL 200 mg IV 
Infusion

Day 1 of each 
cycle, up to 
35 admini-
strations

Experimental IMP Central

Arm A Experimental Cisplatin Drug Vial 1 mg/mL vial, 
20 mg vial, or 
50 mg vial

25 mg/m2 IV 
Infusion

Day 1 and 
Day 8 of each 
cycle, up to 8 
cycles

Background 
Treatment

NIMP Local or 
Central

Arm A Experimental Gemcitabine Drug Vial 1 g/ vial 1000 mg/m2 IV 
Infusion

Day 1 and 
Day 8 of each 
cycle, until 
PD or 
unacceptable 
toxicity 

Background 
Treatment

NIMP Local or 
Central

Arm B Active 
Comparator

Placebo (Normal 
Saline)

Drug Sterile 
Suspension 
(Vial)

N/A N/A IV 
Infusion

Day 1 of each 
cycle, up to 
35 admini-
strations

Placebo IMP Local

Arm B Active 
Comparator

Cisplatin Drug Vial 1 mg/mL vial, 
20 mg vial, or 
50 mg vial

25 mg/m2 IV 
Infusion

Day 1 and 
Day 8 of each 
cycle, up to 8 
cycles

Background 
Treatment

NIMP Local or 
Central

Arm B Active 
Comparator

Gemcitabine Drug Vial 1 g/ vial 1000 mg/m2 IV 
Infusion

Day 1 and 
Day 8 of each 
cycle, until 
PD or 
unacceptable 
toxicity

Background 
Treatment

NIMP Local or 
Central
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Arm 
Name Arm Type

Intervention 
Name Type

Dose 
Formu-
lation

Unit Dose 
Strength(s)

Dosage 
Level(s)

Route of 
Admini-
stration

Regimen/
Treatment 

Period/
Vaccination 

Regimen Use
IMP/
NIMP Sourcing

Definition Investigational Medicinal Product (IMP) and Non-Investigational Medicinal Product (NIMP) is based on guidance issued by the European Commission. Regional 
and/or Country differences of the definition of IMP/NIMP may exist. In these circumstances, local legislation is followed. Refer to Section 10.7 (Appendix 7) for country-specific 
requirements.
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All study interventions will be administered on an outpatient basis.

All products indicated in Table 4 will be provided centrally by the Sponsor or locally by the 
study site, subsidiary or designee, depending on local country operational or regulatory 
requirements with the exception of placebo (normal saline), which will be provided locally.

For any commercially available product that is provided by the study site, subsidiary, or 
designee, every attempt will be made to source these supplies from a single lot/batch number. 
The study site is responsible for recording the lot number, manufacturer, and expiry date for 
any locally purchased product as per local guidelines unless otherwise instructed by the 
Sponsor.

Refer to Section 8.1.8 for details regarding administration of the study intervention.

6.1.1 Treatment

The initial treatment or first course of pembrolizumab consists of 35 treatments. Note: The 
number of treatments is calculated starting with the first dose.

For participants who have attained a confirmed CR and have been treated for at least 8 cycles 
(at least 24 weeks), receiving 2 cycles of the combination including 2 doses of 
pembrolizumab or placebo beyond the initial CR confirmation date, treatment may be 
stopped.

These participants may be eligible for Second Course described in Section 6.1.2.

6.1.2 Second Course

All participants who have SD, PR, or CR may be eligible for up to an additional 17 cycles of 
pembrolizumab if there is BICR-verified radiographic disease progression by RECIST 1.1 
after initial treatment or first course has been completed or stopped for confirmed CR as 
specified in Section 6.1.1 after consultation with the Sponsor. This retreatment is the Second 
Course of this study.

Participants may enter the Second Course if all of the following criteria are met:

• The participant received pembrolizumab, determined upon unblinding if applicable

• No new anticancer treatment was administered after the last dose of study intervention

• The participant meets all of the inclusion criteria and none of the exclusion criteria

• The study is ongoing

The decision of whether or not to continue gemcitabine during second course will be at the 
discretion of the investigator. If continued, participants will be retreated at the same dose 
level and frequency as when they last received the combination of pembrolizumab and 
gemcitabine. Treatment with gemcitabine will continue until PD or intolerable toxicity.
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An objective response or disease progression that occurs during the Second Course will not 
be counted as an event for the primary analysis in this study.

6.2 Preparation/Handling/Storage/Accountability

6.2.1 Dose Preparation

Details on preparation and administration of pembrolizumab or placebo are provided in the 
Pharmacy Manual. Dose preparation must be performed by separate unblinded study 
personnel. Dose administration must be performed by blinded study personnel.

Gemcitabine and cisplatin will be prepared and administered as per local product 
label/SmPC. The body surface area (BSA) in m2 should be calculated per local guidance. The 
dose of gemcitabine and cisplatin shall not be recalculated by body weight fluctuation in 
principle, but for 10% or higher fluctuation of body weight, recalculation is possible at the 
discretion of the investigator. When recalculating, BSA in m2 should be calculated per local 
guidance.

6.2.2 Handling, Storage, and Accountability

The investigator or designee must confirm appropriate temperature conditions have been 
maintained during transit for all study intervention received, and any discrepancies are 
reported and resolved before use of the study intervention.

Only participants enrolled in the study may receive study intervention, and only authorized 
site staff may supply or administer study intervention. All study interventions must be stored 
in a secure, environmentally controlled, and monitored (manual or automated) area in 
accordance with the labeled storage conditions with access limited to the investigator and 
authorized site staff.

The investigator, institution, or the head of the medical institution (where applicable) is 
responsible for study intervention accountability, reconciliation, and record maintenance (ie, 
receipt, reconciliation, and final disposition records).

For all study sites, the local country Sponsor personnel or designee will provide appropriate 
documentation that must be completed for drug accountability and return, or local discard 
and destruction if appropriate. Where local discard and destruction is appropriate, the 
investigator is responsible for ensuring that a local discard/destruction procedure is 
documented.

The study site is responsible for recording the lot number, manufacturer, and expiry date for 
any locally purchased product (if applicable) as per local guidelines unless otherwise 
instructed by the Sponsor.

The investigator shall take responsibility for and shall take all steps to maintain appropriate 
records and ensure appropriate supply, storage, handling, distribution, and usage of study 
interventions in accordance with the protocol and any applicable laws and regulations.
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6.3 Measures to Minimize Bias: Randomization and Blinding

6.3.1 Intervention Assignment

Intervention randomization will occur centrally using an interactive response technology 
(IRT) system. There are 2 study intervention arms. Participants will be assigned randomly in 
a 1:1 ratio to (Arm A) pembrolizumab plus gemcitabine/cisplatin and (Arm B) placebo plus 
gemcitabine/cisplatin.

6.3.2 Stratification

Intervention randomization will be stratified according to the following factors:

 Region (Region 1: Asia versus Region 2: Non-Asia)

 Locally Advanced versus Metastatic

 Note: In the event the participant has locally advanced and metastatic BTC, the 
participant should be stratified as metastatic.

 Site of Origin (gallbladder/intrahepatic/extrahepatic)

6.3.3 Blinding

A double-blinding technique with in-house blinding will be used. Pembrolizumab and 
placebo (normal saline) will be packaged identically so that blind is maintained. The 
participant, the investigator, and Sponsor personnel or delegate(s) who are involved in the 
study intervention administration or clinical evaluation of the participants are unaware of the 
intervention assignments.

6.4 Study Intervention Compliance

Administration of study intervention(s) will be monitored by the investigator and/or study 
staff, and/or qualified designee per institutional guidelines and procedures. The total volume 
of study medication infused will be compared with the total volume prepared to determine 
compliance with each dose administered.

If there are interruptions in the study intervention schedule or infusion/injection was stopped, 
the details of and reason for any interruption or infusion/injection cessation of study 
intervention will be documented in the participant’s medical record. 

Refer to Section 6.6.1 for Dose Modification and Toxicity Management Guidelines for non-
hepatic irAEs associated with pembrolizumab monotherapy, coformulations, or IO 
combinations and for other allowed dose interruptions.
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6.5 Concomitant Therapy

Medications or vaccinations specifically prohibited in the exclusion criteria are not allowed 
during the ongoing study. If there is a clinical indication for any medication or vaccination 
specifically prohibited, discontinuation from study intervention may be required. The 
investigator is to discuss any prohibited medication/vaccination with the Sponsor's Clinical 
Director. The final decision on any supportive therapy or vaccination rests with the 
investigator and/or the participant's primary physician. However, the decision to continue the 
participant on study intervention requires the mutual agreement of the investigator, the 
Sponsor, and the participant.

Listed below are concomitant therapies that should be avoided or carefully monitored:

 Hepatotoxic drugs (examples below):

 Etifoxine

 Isoniazid

 Nitrofurantoin

 Ketoconazole

 Amiodarone

 Phenytoin

 Herbal supplements or alternative medicines should also be avoided during the 
Screening and Intervention Phase of this study.

 Possible interaction between gemcitabine and warfarin has been reported and may 
occur at any time. Close monitoring is recommended (monitor INR weekly during 
gemcitabine treatment and for 1 to 2 months after discontinuing gemcitabine 
treatment).

 Any use of other myelosuppressive medications should be carefully monitored for 
risk of infection.

 Participants with controlled hepatitis B enrolled in the study may require close 
monitoring of liver function tests and other parameters for hepatitis reactivation if 
they are exposed to prolonged corticosteroids, anti-tumor necrosis factor (TNF)
therapy or other immunosuppressive therapy for management of irAEs.

 Untreated or incompletely treated HCV participants may initiate antiviral therapy for 
HCV if liver function remains stable for at least 3 months on study intervention.

 For HBV viral load over 100 IU/mL during study intervention, participants must start 
treatment for HBV.
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Listed below are concomitant therapies prohibited during the course of the study:

 Antineoplastic systemic chemotherapy or biological therapy

 Immunotherapy not specified in this protocol

 Chemotherapy not specified in this protocol

 Investigational agents other than pembrolizumab

 Radiation therapy

Note: Radiation therapy to a symptomatic lesion or to the brain is allowed at the 
Investigator’s discretion. Radiation therapy to 2 symptomatic lesions may be allowed
following Sponsor Consultation. A 1-week washout is permitted for palliative 
radiation (≤2 weeks of radiotherapy) to non-CNS disease if deemed safe by the 
investigator. A 2-week washout period is required for a longer course of radiation 
(>2 weeks).

 Live vaccines within 30 days prior to the first dose of study intervention and while 
participating in the study. Examples of live vaccines include, but are not limited to, 
the following: measles, mumps, rubella, varicella/zoster, yellow fever, rabies, BCG, 
and typhoid vaccine. Seasonal influenza vaccines for injection are generally killed 
virus vaccines and are allowed; however, intranasal influenza vaccines (eg, FluMist®) 
are live attenuated vaccines and are not allowed.

Note: Any licensed COVID-19 vaccine (including for Emergency Use) in a particular 
country is allowed in the study as long as they are mRNA vaccines, adenoviral 
vaccines, or inactivated vaccines. These vaccines will be treated just as any other 
concomitant therapy.

Investigational vaccines (ie, those not licensed or approved for Emergency Use) are 
not allowed.

 Any medication prohibited in combination with chemotherapy as described in the 
respective product labels for cisplatin and gemcitabine.

 Any chronic immunological-suppressive treatment for any reason other than the 
management of AEs, as described in Section 6.6.1 (Table 5).

Note: Systemic glucocorticoids are permitted only for the following purposes:

 To modulate symptoms of an AE that is suspected to have an immunologic 
etiology
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 As needed for the prevention of emesis; systemic steroid use as antinausea 
medication should be limited as deemed safe by the investigator due to possible 
theoretical risk of lower efficacy of pembrolizumab

 Premedication for IV contrast allergies

 Short-term oral or IV use in doses >10 mg/day prednisone equivalent for chronic 
obstructive pulmonary disease exacerbations

 For chronic systemic replacement not to exceed 10 mg/day prednisone equivalent

In addition, the following glucocorticoid use is allowed:

 For topical or ocular use

 Intraarticular joint use

 For inhalation in the management of asthma or chronic obstructive pulmonary 
disease.

All treatments that the investigator considers necessary for a participant’s welfare may be 
administered at the discretion of the investigator in keeping with the community standards of 
medical care. All concomitant medication will be recorded on the eCRF including all 
prescription, over-the-counter (OTC) products, herbal supplements, and IV medications and 
fluids. If changes occur during the study period, documentation of drug dosage, frequency, 
route, and date should also be included on the eCRF.

All concomitant medications received within 28 days prior to the first dose of study 
intervention and up to 30 days after the last dose of study intervention should be recorded. If 
participants experience an SAE or ECI, all concomitant medications administered more than 
30 days after the last dose of study intervention are to be recorded for SAEs and ECIs as 
defined in Section 8.4.

Refer to Section 10.7 (Appendix 7) for country-specific requirements.

6.5.1 Rescue Medications and Supportive Care

Participants should receive appropriate supportive care measures as deemed necessary by the 
treating investigator. Suggested supportive care measures for the management of AEs with 
potential immunologic etiology are outlined along with the dose modification guidelines in
Section 6.6.1, Table 5. Where appropriate, these guidelines include the use of oral or IV 
treatment with corticosteroids, as well as additional anti-inflammatory agents if symptoms do 
not improve with administration of corticosteroids. Note that several courses of steroid 
tapering may be necessary as symptoms may worsen when the steroid dose is decreased. For 
each disorder, attempts should be made to rule out other causes such as metastatic disease or 
bacterial or viral infection, which might require additional supportive care. The treatment 
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guidelines are intended to be applied when the investigator determines the events to be 
related to pembrolizumab or placebo.

Note: If after the evaluation of the event, it is determined not to be related to pembrolizumab
or placebo, the investigator does not need to follow the treatment guidance. Refer to Table 5
in Section 6.6.1 for guidelines regarding dose modification and supportive care.

It may be necessary to perform additional procedures such as bronchoscopy, endoscopy, or 
skin photography as part of evaluation of the event.

6.6 Dose Modification (Escalation/Titration/Other)

6.6.1 Immune-Related Events and Dose Modification (Withhold, Treat, 
Discontinue)

If appropriate, the investigator may attribute each toxicity event to gemcitabine, cisplatin, 
pembrolizumab or placebo and use dose modification according to Table 5 and Table 6. 
(pembrolizumab) and Table 7 (gemcitabine/cisplatin). To ensure that participants can receive 
adequate SOC chemotherapy dosing, standard supportive care measures should be used first,
before dose modification, if there are no other reasons to modify SOC dosing for 
chemotherapy agents. Dose modification should be performed considering the following:

• Treatment for each new cycle may be delayed if the scheduled off-drug periods are not 
adequate to allow for recovery to the guideline for restarting each study intervention.

• Pembrolizumab or placebo dose reductions are not permitted. Pembrolizumab or placebo 
treatment may be interrupted or discontinued due to toxicity.

• Chemotherapy may be interrupted for a maximum of 6 weeks from last dose in case of 
chemotherapy-related toxicity; pembrolizumab or placebo may be interrupted for a 
maximum of 12 weeks from last dose (refer to Section 6.6.1.1).

• If a participant experiences several toxicities related to chemotherapy (gemcitabine 
and/or cisplatin) and there are conflicting recommendations, follow the most conservative 
dose adjustment recommended (dose reduction appropriate to the most severe toxicity).

• Reduction of one chemotherapy agent and not the other agent is appropriate if, in the 
opinion of the investigator, the toxicity is clearly related to one of the study interventions. 
If, in the opinion of the investigator, the toxicity is related to the combination of both 
chemotherapy agents, both drugs should be reduced according to recommended dose 
modifications. If the toxicity is related to the combination of 3 agents, chemotherapy 
should be reduced, interrupted, or discontinued, and pembrolizumab or placebo should be 
interrupted or discontinued according to the recommended dose modifications. Both 
groups may have one or both chemotherapy agents discontinued and continue to receive 
pembrolizumab or placebo. The reverse is also allowed, ie, pembrolizumab or placebo 
can be stopped but one or both chemotherapy agents continued if the investigator 
attributes the AE to pembrolizumab or placebo.
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The CTCAE v5.0 must be used to grade the severity of AEs. All dose modifications should 
be based on the AE requiring the greatest dose modification.

If toxicity is not otherwise specified, investigators should refer to the product label or local 
guidelines for dose adjustments.

In addition, participants should receive appropriate supportive care measures as deemed 
necessary by the treating investigator. Suggested supportive care measures are included in 
Table 6 (pembrolizumab), Table 7 (gemcitabine/cisplatin) and Section 6.5.1.

6.6.1.1 Dose Modification of Pembrolizumab

Dose Modification and Toxicity Management for Non-hepatic Immune-related AEs 
Associated with Pembrolizumab

AEs associated with pembrolizumab exposure may represent an immune-related response. 
These irAEs may occur shortly after the first dose or several months after the last dose of 
pembrolizumab treatment and may affect more than one body system simultaneously. 
Therefore, early recognition and initiation of treatment is critical to reduce complications. 
Based on existing clinical study data, most irAEs were reversible and could be managed with 
interruptions of pembrolizumab, administration of corticosteroids and/or other supportive 
care. For suspected irAEs, ensure adequate evaluation to confirm etiology or exclude other 
causes. Additional procedures or tests such as bronchoscopy, endoscopy, skin biopsy may be 
included as part of the evaluation.

Dose Modification and Toxicity Management Guidelines for Non-hepatic irAEs associated with 
pembrolizumab monotherapy, coformulations, or IO combinations are provided in Table 5.

For guidance related to the diagnosis and management of hepatic ECIs, refer to Section 
6.6.2.3. Refer to Section 10.7 (Appendix 7) for country-specific requirements.
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Table 5 Dose Modification and Toxicity Management Guidelines for Non-hepatic Immune-related Adverse Events Associated with 
Pembrolizumab Monotherapy, Coformulations, or IO Combinations

General instructions:
1. Severe and life-threatening irAEs should be treated with IV corticosteroids followed by oral steroids. Other immunosuppressive treatment should begin if the irAEs are not 

controlled by corticosteroids.
2. Pembrolizumab monotherapy, coformulations or IO combinations must be permanently discontinued if the irAE does not resolve or the corticosteroid dose is not 

≤10 mg/day within 12 weeks of the last treatment.
3. The corticosteroid taper should begin when the irAE is ≤ Grade 1 and continue at least 4 weeks.
4. If pembrolizumab monotherapy, coformulations or IO combinations have been withheld, treatment may resume after the irAE decreased to ≤ Grade 1 after corticosteroid 

taper.

irAEs
Toxicity Grade 
(CTCAE v5.0)

Action With 
Pembrolizumab 
Monotherapy, 

Coformulations or IO 
Combinations

Corticosteroid and/or Other 
Therapies Monitoring and Follow-up

Pneumonitis 

Grade 2 Withhold  Administer corticosteroids 
(initial dose of 1 to 2 mg/kg 
prednisone or equivalent) 
followed by taper

 Add prophylactic antibiotics for 
opportunistic infections

 Monitor participants for signs and symptoms of 
pneumonitis

 Evaluate participants with suspected pneumonitis 
with radiographic imaging and initiate 
corticosteroid treatment

Recurrent 
Grade 2, 
Grade 3 or 4 

Permanently 
discontinue

Diarrhea/Colitis 

Grade 2 or 3 Withhold  Administer corticosteroids 
(initial dose of 1 to 2 mg/kg 
prednisone or equivalent) 
followed by taper

 Monitor participants for signs and symptoms of 
enterocolitis (ie, diarrhea, abdominal pain, blood 
or mucus in stool with or without fever) and of 
bowel perforation (ie, peritoneal signs and ileus)

 Participants with ≥Grade 2 diarrhea suspecting 
colitis should consider GI consultation and 
performing endoscopy to rule out colitis

 Participants with diarrhea/colitis should be 
advised to drink liberal quantities of clear fluids. 
If sufficient oral fluid intake is not feasible, fluid 
and electrolytes should be substituted via IV 
infusion

Recurrent Grade 
3 or Grade 4

Permanently 
discontinue
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irAEs
Toxicity Grade 
(CTCAE v5.0)

Action With 
Pembrolizumab 
Monotherapy, 

Coformulations or IO 
Combinations

Corticosteroid and/or Other 
Therapies Monitoring and Follow-up

T1DM or 
Hyperglycemia

New onset 
T1DM or 
Grade 3 or 4 
hyperglycemia 
associated with 
evidence of 
-cell failure

Withhold a  Initiate insulin replacement 
therapy for participants with 
T1DM

 Administer antihyperglycemic 
in participants with 
hyperglycemia

 Monitor participants for hyperglycemia or other 
signs and symptoms of diabetes

Hypophysitis

Grade 2 Withhold  Administer corticosteroids and 
initiate hormonal replacements 
as clinically indicated

 Monitor for signs and symptoms of hypophysitis 
(including hypopituitarism and adrenal 
insufficiency)

Grade 3 or 4 Withhold or 
permanently 
discontinue a

Hyperthyroidism

Grade 2 Continue  Treat with nonselective beta-
blockers (eg, propranolol) or 
thionamides as appropriate

 Monitor for signs and symptoms of thyroid 
disorders

Grade 3 or 4 Withhold or 
permanently 
discontinue a

Hypothyroidism

Grade 2, 3 or 4 Continue  Initiate thyroid replacement 
hormones (eg, levothyroxine or 
liothyronine) per standard of 
care

 Monitor for signs and symptoms of thyroid 
disorders

Nephritis:
grading according 
to increased 
creatinine or acute 
kidney injury

Grade 2 Withhold  Administer corticosteroids 
(prednisone 1 to 2 mg/kg or 
equivalent) followed by taper

 Monitor changes of renal function

Grade 3 or 4 Permanently 
discontinue
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irAEs
Toxicity Grade 
(CTCAE v5.0)

Action With 
Pembrolizumab 
Monotherapy, 

Coformulations or IO 
Combinations

Corticosteroid and/or Other 
Therapies Monitoring and Follow-up

Neurological 
Toxicities

Grade 2 Withhold  Based on severity of AE 
administer corticosteroids

 Ensure adequate evaluation to confirm etiology 
and/or exclude other causes

Grade 3 or 4 Permanently 
discontinue

Myocarditis

Asymptomatic 
cardiac enzyme 
elevation with 
clinical suspicion 
of myocarditis 
(previously 
CTCAE v4.0 
Grade 1)

Withhold  Based on severity of AE 
administer corticosteroids

 Ensure adequate evaluation to confirm etiology 
and/or exclude other causes

Grade 2, 3 or 4 Permanently 
discontinue

Exfoliative 
Dermatologic 
Conditions

Suspected SJS, 
TEN, or DRESS

Withhold  Based on severity of AE 
administer corticosteroids

 Ensure adequate evaluation to confirm etiology or 
exclude other causes

Confirmed SJS, 
TEN, or DRESS

Permanently 
discontinue

All Other irAEs

Persistent Grade 
2

Withhold  Based on severity of AE 
administer corticosteroids

 Ensure adequate evaluation to confirm etiology or 
exclude other causes

Grade 3 Withhold or 
discontinue based on 
the event b

Recurrent 
Grade 3 or 
Grade 4 

Permanently 
discontinue
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irAEs
Toxicity Grade 
(CTCAE v5.0)

Action With 
Pembrolizumab 
Monotherapy, 

Coformulations or IO 
Combinations

Corticosteroid and/or Other 
Therapies Monitoring and Follow-up

AE(s)=adverse event(s); CTCAE=Common Terminology Criteria for Adverse Events; DRESS=Drug Rash with Eosinophilia and Systemic Symptom; GI=gastrointestinal; 
IO=immuno-oncology; ir=immune-related; IV=intravenous; SJS=Stevens-Johnson Syndrome; T1DM=type 1 diabetes mellitus; TEN=Toxic Epidermal Necrolysis; 
ULN=upper limit of normal.

Note: Non-irAE will be managed as appropriate, following clinical practice recommendations.
a The decision to withhold or permanently discontinue pembrolizumab monotherapy, coformulations or IO combinations is at the discretion of the investigator or treating 

physician. If control achieved or ≤ Grade 2, pembrolizumab monotherapy, coformulations or IO combinations may be resumed.
b Events that require discontinuation include, but are not limited to: encephalitis and other clinically important irAEs (eg, vasculitis and sclerosing cholangitis).
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Dose Modification and Toxicity Management of Infusion Reactions Related to 
Pembrolizumab Monotherapy, Coformulations, or IO Combinations

Pembrolizumab monotherapy, coformulations, or IO combinations may cause severe or life-
threatening infusion reactions including severe hypersensitivity or anaphylaxis. Signs and 
symptoms usually develop during or shortly after drug infusion and generally resolve 
completely within 24 hours of completion of infusion. Dose modification and toxicity 
management guidelines on pembrolizumab monotherapy, coformulations, or IO 
combinations associated infusion reactions are provided in Table 6.

Table 6 Pembrolizumab Monotherapy, Coformulations, or IO Combinations Infusion 
Reaction Dose Modification and Treatment Guidelines

NCI CTCAE Grade Treatment
Premedication at Subsequent 

Dosing

Grade 1

Mild reaction: infusion 
interruption not 
indicated; intervention 
not indicated

Increase monitoring of vital signs as 
medically indicated until the 
participant is deemed medically stable 
in the opinion of the investigator

None

Grade 2

Requires therapy or 
infusion interruption 
but responds promptly 
to symptomatic 
treatment (eg, 
antihistamines, 
NSAIDs, narcotics, IV 
fluids); prophylactic 
medications indicated 
for ≤24 h

Stop Infusion

Additional appropriate medical therapy 
may include but is not limited to:

IV fluids

Antihistamines

NSAIDs

Acetaminophen

Narcotics

Increase monitoring of vital signs as 
medically indicated until the 
participant is deemed medically stable 
in the opinion of the investigator.

If symptoms resolve within 1 hour of 
stopping drug infusion, the infusion 
may be restarted at 50% of the original 
infusion rate (eg, from 100 mL/h to 
50 mL/h). Otherwise dosing will be 
held until symptoms resolve and the 
participant should be premedicated for 
the next scheduled dose.

Participants who develop Grade 2 
toxicity despite adequate 
premedication should be permanently 
discontinued from further study 
intervention.

Participant may be premedicated 
1.5 h (±30 min) prior to infusion 
of study intervention with:

Diphenhydramine 50 mg PO (or 
equivalent dose of 
antihistamine).

Acetaminophen 500 to 1000 mg 
PO (or equivalent dose of 
analgesic).
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NCI CTCAE Grade Treatment
Premedication at Subsequent 

Dosing

Grades 3 or 4

Grade 3:

Prolonged (ie, not 
rapidly responsive to 
symptomatic 
medication and/or 
brief interruption of 
infusion); recurrence 
of symptoms after 
initial improvement; 
hospitalization 
indicated for other 
clinical sequelae (eg, 
renal impairment, 
pulmonary infiltrates)

Grade 4:

Life-threatening; 
pressor or ventilatory 
support indicated

Stop Infusion.

Additional appropriate medical therapy 
may include but is not limited to:

Epinephrine**

IV fluids

Antihistamines

NSAIDs

Acetaminophen

Narcotics

Oxygen

Pressors

Corticosteroids

Increase monitoring of vital signs as 
medically indicated until the 
participant is deemed medically stable 
in the opinion of the investigator.

Hospitalization may be indicated.

**In cases of anaphylaxis, epinephrine 
should be used immediately.

Participant is permanently 
discontinued from further study 
intervention.

No subsequent dosing

h=hour; IV=intravenous; CTCAE=Common Terminology Criteria for Adverse Events; NCI=National Cancer Institute; 
NSAIDs=nonsteroidal anti-inflammatory drugs.

Note: Appropriate resuscitation equipment should be available at the bedside and a physician readily available during 

the period of drug administration.

For further information, please refer to the CTCAE v5.0 at http://ctep.cancer.gov

Other Allowed Dose Interruption for Pembrolizumab Monotherapy, Coformulations, 
or IO Combinations

Pembrolizumab monotherapy, coformulations, or IO combinations may be interrupted for 
situations other than treatment-related AEs such as medical or surgical events and/or 
unforeseen circumstances not related to study intervention. However, study intervention is to 
be restarted within 3 weeks of the originally scheduled dose and within 42 days of the 
previously administered dose, unless otherwise discussed with the Sponsor. The reason for 
study intervention interruption is to be documented in the participant's study record.
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6.6.1.2 Dose Modification of Gemcitabine or Cisplatin

Dose modifications for gemcitabine and cisplatin are detailed in Table 7. The following 
serves as a guide and does not replace investigator’s clinical judgment. Follow local 
applicable product label recommendations if dosing considerations are more stringent.

 CrCl will be based on the original weight-based Cockcroft and Gault formula 
(Appendix 10). If the calculated CrCl is <60 or >120 mL/min, measure EDTA 
clearance or CrCl before prescribing. CrCl must be ≥60 mL/min prior to 
administration of first dose of cisplatin and ≥40 mL/min prior to the administration 
subsequent doses of cisplatin. Cisplatin may be delayed for up to 42 days to allow the 
participant time to recover from the cisplatin-related toxicity. If a participant’s CrCl 
value has not returned to ≥40 mL/min within 42 days after the previous dose, 
cisplatin must be discontinued. Additional details for dose modifications for cisplatin 
use are listed in Table 7.

 Gemcitabine should be administered with caution in participants with evidence of 
significant renal or hepatic impairment as there is insufficient information from 
clinical studies to allow clear dose recommendation for these patient populations. For 
significant renal impairment defined as CrCl <30 mL/min, consider dose reduction 
and discuss with Sponsor. For serum bilirubin >1.6 mg/dL, consider dose reduction of
gemcitabine to 800 mg/m2. Monitor carefully and discontinue gemcitabine if any 
drug-related worsening occurs [Venook, A. P., et al 2000].

 Gemcitabine should be discontinued at the first signs of any evidence of 
microangiopathic hemolytic anemia, such as rapidly falling hemoglobin with 
concomitant thrombocytopenia, elevation of serum bilirubin, serum creatinine, blood 
urea nitrogen, or LDH, which may indicate development of hemolytic uremic 
syndrome. Renal failure may not be reversible, even with discontinuation of therapy, 
and dialysis may be required.

 Maximal dose reduction permitted is up to 40% of starting dose of cisplatin 
(10 mg/m2) and gemcitabine (400 mg/m2). Doses below this level are not considered 
therapeutic and the participant will be discontinued from the related chemotherapy.
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Table 7 Dose Modification Guidelines for Gemcitabine/Cisplatin-related Adverse Events

Category Toxicity Grade
Gem

dose

Cis

dose

Timing for 
Restarting Study 

Intervention
Subsequent Dose

Hematologica

Neutrophil 
count 
decreasedb

1-2b None None N/A N/A

3 75% None N/A

Gemcitabine dose 
should be re-escalated 
to full dose (100%) on 
the subsequent cycles 
upon recovery of 
hematologic toxicity. 
If reduction required 
for 2 consecutive 
doses, permanently 
reduce dose of 
gemcitabine by 25%d

4c Hold Hold
Neutrophil count 
recovers to 
>1000/mm3 d

Reduce gemcitabine 
dose by 25% of last 
dosed,e

Febrile 
Neutropeniab 3-4c Hold Hold

Toxicity resolves 
and

Neutrophil count 
recovers to 
>1000/mm3 d

Reduce gemcitabine 
dose by 25% of last 
dosed,e

Platelet count 
decreased

3 75% 100% N/A

Gemcitabine dose 
should be re-escalated 
to full dose (100%) on 
the subsequent cycles. 
If reduction is required 
for 2 consecutive 
doses, permanently 
reduce gemcitabine 
dose by 25%d

4c Hold Hold
Platelet count 
recovers to 
>50,000/mm3 d

Reduce gemcitabine 
dose by 25% of last 
dosed,e
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Category Toxicity Grade
Gem

dose

Cis

dose

Timing for 
Restarting Study 

Intervention
Subsequent Dose

Non-
hematologica

Renal 
dysfunction 

Serum 
creatinine 
increased 

above 
baseline 

100%f

Subsequent dosing based on CrCl (mL/min)g

Cisplatin Dose:

>60: Give 100%,

51– 60: Give 75%,

40 – 50: Give 50%,

<40 mL/min: Hold and follow modifications above on 
recovery and if not recovered to at least ≥40 mL/min 
within 42 days after the previous dose permanently 
discontinue

Peripheral 
Sensory 
Neuropathyh

2 100% 75% N/A
Reduce cisplatin dose 
by 25% of last dose

3c 100% Hold 
Toxicity resolves 
to ≤Grade 2a

Reduce cisplatin dose 
by 25% of last dose. 
Continue to reduce 
cisplatin by 25% for 
each additional 
episode.

4 100% N/A N/A
Permanently 
discontinue 

Nausea and 
vomiting 

3-4c Hold Hold
Toxicity resolves
to ≤Grade 2a Resume at 100% 

All Other
Non-
Hematologic
Toxicitiesa,f,i

3-4c Hold Hold 
Toxicity resolves
to ≤Grade 2a

Follow standard of 
care guidelines 

Abbreviations: AE=adverse event; G-CSF=granulocyte colony-stimulating factor; Gem=gemcitabine; Cis=cisplatin; 
N/A=not applicable

a. Participants with intolerable or persistent Grade 2 drug-related AE may hold at physician discretion.
b. See the package insert of each of the G-CSF drugs for administration of G-CSF for neutropenia.
c. Permanent discontinuation should be considered for any severe or life-threatening event. Consult Sponsor before 

restarting treatment after a Grade 4 drug-related AE.
d. Permanently discontinue gemcitabine and cisplatin if gemcitabine-/cisplatin-related hematologic toxicity does not 

resolve to ≤Grade 2 within 6 weeks.
e. If Day 8 study intervention is delayed by ≥2 weeks, then subsequent therapy should start with next cycle. 

Pembrolizumab should be given on Day 1 of each new cycle. There should be at minimum a 3-week interval 
between pembrolizumab doses and a minimum 1-week interval between the chemotherapy doses.

f. Gemcitabine should be administered with caution in participants with evidence of significant renal or hepatic 
impairment as there is insufficient information from clinical studies to allow clear dose recommendation for these 
patient populations.

g. Follow local cisplatin product label recommendations if dosing considerations are more stringent.
h. Administration may be interrupted or reduced at the discretion of the investigator.
i. Allow continuous treatment for laboratory AEs that are asymptomatic and deemed to be not clinically significant.
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Other Allowed Dose Interruption for Gemcitabine or Cisplatin

Gemcitabine or cisplatin may be interrupted for situations other than treatment-related AEs 
such as medical or surgical events and/or unforeseen circumstances not related to study 
intervention. However, study intervention is to be restarted within 3 weeks of the originally 
scheduled dose and within 6 weeks of the previously administered dose, unless otherwise 
discussed with the Sponsor. The reason for study intervention interruption is to be 
documented in the participant’s study record.

6.6.1.3 Guidance for Management of Hepatic Events of Clinical Interest

Hepatic ECIs include any of the following events if the events are considered not due to 
disease progression as judged by the investigator. All of these events (if not associated with 
disease progression under study) will require holding study intervention and notification of 
the event(s) to the Sponsor within 24 hours after awareness via electronic media or paper.

For dose interval modification, refer to Sections 6.6.1.1 and 6.6.1.2.

ALT:

- Among participants with Baseline ALT <2×ULN: ALT ≥5×ULN

- Among participants with Baseline ALT ≥2×ULN: ALT >3× the Baseline level

- ALT >500 U/L regardless of baseline level

Total bilirubin:

- Total bilirubin >3.0 mg/dL

Regardless of laboratory values, hepatic decompensation diagnosed clinically, including:

- New onset clinically detectable ascites requiring intervention for >3 days

- Hepatic encephalopathy

- Gastrointestinal bleeding suggestive of portal hypertension (eg, esophageal or gastric 
varices)

All cases of retreatment after interruption of study intervention for HECI must be recorded in 
the database. HECIs are not the result of disease progression, and therefore the following 
evaluations are not required for these etiologies.
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Immediate assessment in case of HECI:

All Participants

All participants should be considered for evaluation according to the directions below within 
72 hours of the alert for a nonoverdose ECI. Laboratory assessments of HECIs will be 
performed locally; central laboratory is acceptable if local laboratory is not available.

Procedures:

- Consider obtaining a consultation with a hepatologist

- Obtain a workup for hepatitis if there is no underlying hepatitis, including hepatitis A, 
B, C, D, E, Epstein-Barr virus, and cytomegalovirus

- Assess for ingestion of drugs/supplements with hepatotoxic potential

- Assess for alcohol ingestion

- Assess for potential bacterial infection, biliary obstruction, or occult gastrointestinal 
bleeding

- Repeat ALT, AST, total bilirubin, direct bilirubin, alkaline phosphatase, γ glutamyl 
transpeptidase, INR, and complete blood count with differential

- Measure HCV RNA viral load (applies only for participants who have current active 
HCV infection or had infection in the past)

- HBV DNA, HBsAg, anti-HBc (total and IgM), and anti-HBs regardless of prior HBV 
status (Note: participants should be questioned about compliance with the use of 
antiviral agents)

- Other laboratories or imaging studies as clinically indicated

- Consider liver biopsy if indicated

BTC patients are at risk for a range of complications that can cause hepatic laboratory 
abnormalities with or without clinical decompensation. Those with a history of chronic HCV 
or HBV infection also have the potential to experience virologic flares.

The following section provides further guidance on the diagnosis and 
management of potential hepatic complications among BTC participants in this study. The 
recommendation is to hold study interventions for 1 to 2 days. If toxicity does not improve 
within 1 to 2 days or worsens, follow “Management of HECI” below.

CCI

CCI

CCI
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Table 8 Management of HECI for Pembrolizumab Monotherapy, Coformulations, or IO 
Combinations

If HECI is determined to be due to other causes, cisplatin can be restarted if infection is ruled 
out and otherwise deemed clinically appropriate by the investigator.

Diagnosis Management

Hepatitis B 
considered flare or 
change in HBV 
immunologic 
status

Rapid elevation of ALT to >5×ULN 
and/or >3× baseline

Interrupt study intervention for up to 12 weeks.

Start antiviral therapy or check for compliance 
if HBV is detectable.

Measure safety labs for AST, ALT, ALP, total 
bilirubin, direct bilirubin, and INR on weekly 
basis.

Measure HBsAg and HBV DNA on weekly 
basis (if detected at the time of onset of ECI).

Evaluate the following every 2-3 weeks:

 anti -HBs, and HBV DNA levels (if not 
detected at the onset of ECI)

Restart study intervention only if ALT returns 
to normal or Grade 1 (if normal at baseline), or 
to baseline grade (if Grade 2 at baseline) within 
12 weeks, and the participant is clinically 
stable; otherwise, the participant should be 
permanently discontinued.

Hepatitis C 
exacerbation in 
participants with 
HCV RNA 
positive

Rapid elevation of ALT to >5×ULN 
and/or >3x baseline 

Interrupt study intervention for up to 12 weeks.

Assess use of injection or inhalation drugs.

Recheck HCV genotype at the time of relapse 
of HCV RNA to rule out new infection.

Measure safety labs for AST, ALT, ALP, total 
bilirubin, direct bilirubin, and INR on weekly
basis

Measure HCV RNA levels every 2 weeks.

Please discuss benefit:risk with Sponsor prior 
to starting HCV antiviral therapy.

Restart study intervention only if ALT returns 
to normal or Grade 1 (if normal at baseline), or 
to baseline grade (if Grade 2 at baseline) within 
12 weeks, and the participant is clinically 
stable; otherwise, the participant should be 
permanently discontinued.

Relapse of HCV 
infection for 
participants with 
successfully 
treated or new 
HCV infection 

If HCV RNA was TND at baseline, 
and now has confirmed detectable 
HCV RNA (2 specimens, 1 week 
apart)
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Diagnosis Management

Immune-related 
hepatitis

If any of the HECI criteria is met as 
defined in the protocol Section 8.4.7

Note:

Immune-related hepatitis is a 
diagnosis made after excluding other 
possible etiologies such as viral 
flare, biliary or vascular obstruction, 
infection, medications, and alcohol 
use usually immune-related hepatitis 
response to dechallenge and/or 
steroids and reoccurs with 
rechallenge

Interrupt study intervention for up to 12 weeks.

Start IV corticosteroid 60 mg/day of prednisone 
or equivalent followed by oral corticosteroid.

Monitor with biweekly laboratory tests, 
including AST, ALT, total bilirubin, direct 
bilirubin, ALP, and INR.

Restart study intervention only if:

a. Abnormal laboratory values resolve to 
Grade ≤1 or baseline (if abnormal at 
baseline)

b. Taper steroid over 28 days

c. Steroid treatment is tapered to prednisone 
<10 mg/day or equivalent

Permanently Discontinue study intervention 
if:

a. Laboratory abnormalities do not resolve 
within 3 weeks

Other Causes Rule out infection with blood, urine, 
and ascites culture – antibiotics 
should be started if infection is 
found

If total bilirubin is elevated, imaging 
should be obtained to rule out 
vascular compromise, biliary 
obstruction, and/or tumor 
progression by imaging

Rule out alcohol use and hepatotoxic 
drugs including herbal and 
alternative medications

Restart study intervention only if laboratory 
values have returned to Grade 1 or baseline (if 
normal or Grade 1 at start) or to baseline grade 
within 6 weeks.

If biliary obstruction is present, consultation 
with a gastroenterologist and/or an 
interventional radiologist should be obtained to 
see if the obstruction may be relieved.

ALP=alkaline phosphatase; anti-HBs=hepatitis B surface antigen antibody; ALT=alanine aminotransferase; 

AST=aspartate aminotransferase; CP-C=Child-Pugh Grade C; DNA=deoxyribonucleic acid; ECI=event of clinical 

interest; HBV=hepatitis B virus; HCV=hepatitis C virus; HECI=hepatic events of clinical interest; INR=international 

normalized ratio; IV=intravenous; RNA=ribonucleic acid; TND=target not detected; ULN=upper limit of normal.

6.7 Intervention After the End of the Study

There is no study-specified intervention following the end of the study.

6.8 Clinical Supplies Disclosure

This study is blinded but supplies are provided as open label; therefore, an unblinded 
pharmacist or qualified study site personnel will be used to blind supplies. Study intervention
identity (name, strength, or potency) is included in the label text; random code/disclosure 
envelopes or lists are not provided.

The emergency unblinding call center will use the intervention/randomization schedule for 
the study to unblind participants and to unmask study intervention identity. The emergency 
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unblinding call center should only be used in cases of emergency (refer to Section 8.1.10). In 
the event that the emergency unblinding call center is not available for a given site in this 
study, the central electronic IRT should be used to unblind participants and to unmask study 
intervention identity. The Sponsor will not provide random code/disclosure envelopes or lists 
with the clinical supplies.

7 DISCONTINUATION OF STUDY INTERVENTION AND PARTICIPANT 
WITHDRAWAL

7.1 Discontinuation of Study Intervention

Discontinuation of study intervention does not represent withdrawal from the study.

As certain data on clinical events beyond study intervention discontinuation may be 
important to the study, they must be collected through the participant’s last scheduled follow-
up, even if the participant has discontinued study intervention. Therefore, all participants 
who discontinue study intervention prior to completion of the protocol-specified treatment 
period will still continue to be monitored in the study and participate in the study visits and 
procedures as specified in Section 1.3 and Section 8.11.3 unless the participant has 
withdrawn from the study (Section 7.2).

Participants may discontinue study intervention at any time for any reason or be discontinued 
from the study intervention at the discretion of the investigator should any untoward effect 
occur. In addition, a participant may be discontinued from study intervention by the 
investigator or the Sponsor if study intervention is inappropriate, the study plan is violated, or 
for administrative and/or other safety reasons. Specific details regarding procedures to be 
performed at study intervention discontinuation are provided in Section 8.1.9.

A participant must be discontinued from study intervention but continue to be monitored in 
the study for any of the following reasons:

• The participant or participant’s legally acceptable representative requests to discontinue 
study intervention

• Any prolonged interruption of study intervention beyond the permitted periods, for irAE 
management or other allowed dose interruptions, as noted in Section 6.6.2.1 require 
sponsor consultation prior to restarting treatment.  If treatment will not be restarted, the 
participant will continue to be monitored in the study and the reason for discontinuation 
of study intervention will be recorded in the medical record.

• The participant has a medical condition or personal circumstance which, in the opinion of 
the investigator and/or Sponsor, placed the participant at unnecessary risk from continued 
administration of study intervention

• The participant has a confirmed positive serum pregnancy test
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• Participant has any of the following nonoverdose hepatic ECIs:

• ALT >20×ULN (confirmed within 1 week)

• Drug-related total bilirubin >10 x ULN

• CPS of >9 points

• Unacceptable toxicity, as described in Section 6.6

Note: Participants who discontinue one or all components of chemotherapy due to 
toxicity or AEs can continue with pembrolizumab or placebo up to the full 
35 administrations

• Prohibited concomitant medication requiring discontinuation of study intervention (refer 
to Section 6.5)

• Radiographic disease progression outlined in Section 8.2.1.5 (after obtaining informed 
consent addendum and Sponsor communication, the investigator may elect to continue 
treatment beyond iCRO-verified disease progression)

• Any progression or recurrence of any malignancy, or occurrence of another malignancy,
that requires active treatment

• Discontinuation of pembrolizumab/placebo for recurrence of a severe or life-threatening
event, or of any of the laboratory abnormalities listed above (refer to Section 6.6.1.1),
that are presumed to be immune-related

For participants who are discontinued from study intervention but continue to be monitored 
in the study, all visits and procedures, as outlined in the SoA, should be completed.

7.2 Participant Withdrawal From the Study

It has been well-documented that a higher rate of withdrawal can render a study 
uninterpretable; therefore, unnecessary withdrawal of participants should be avoided. 

As clinical event data are important study endpoints, participants who discontinue study 
intervention prior to completion of the treatment period should be encouraged to continue all 
remaining study visits for follow-up and vital status assessment as outlined in the SoA and 
Section 8.11.3.

The investigator is to inform the participants that:

 they may discontinue from study intervention at any time during the study, 
and

 they are encouraged to continue visits in the study for follow-up, imaging, and 
vital status assessment
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If participants elect to stop study procedures, they are encouraged to continue to be followed, 
which allows periodic survival follow-up and vital status data to be collected.

If a participant fails to return for scheduled visits and/or if the study site is unable to contact 
the participant after multiple attempts (ie, lost to follow-up), the procedures to be performed 
are outlined in Section 7.3.

If a participant decides not to continue receiving study intervention, the participant is to be 
encouraged to continue visits in the study for follow-up, imaging, and vital status assessment.

Participants who withdraw consent during the study

If the participant or participant’s legally acceptable representative withdraws consent, the 
participant must be withdrawn from the study.

Section 8.1.9 delineates the specific procedures performed at the time of withdrawal and 
withdrawal from future biomedical research. Any AEs that are present at the time of 
withdrawal should be followed in accordance with the safety requirements outlined in
Section 8.4.

7.3 Lost to Follow-up

If a participant fails to return to the clinic for a required study visit and/or if the site is unable 
to contact the participant, the following procedures are to be performed:

• The site must attempt to contact the participant and reschedule the missed visit. If the 
participant is contacted, the participant should be counseled on the importance of 
maintaining the protocol-specified visit schedule.

• The investigator or designee must make every effort to regain contact with the participant 
at each missed visit (eg, telephone calls and/or a certified letter to the participant’s last 
known mailing address or locally equivalent methods). These contact attempts should be 
documented in the participant’s medical record.

• Note: A participant is not considered lost to follow-up until the last scheduled visit for the 
individual participant. The missing data for the participant will be managed via the 
prespecified statistical data handling and analysis guidelines.

8 STUDY ASSESSMENTS AND PROCEDURES

• Study procedures and their timing are summarized in the SoA.

• Adherence to the study design requirements, including those specified in the SoA, is 
essential and required for study conduct.

• The investigator is responsible for ensuring that procedures are conducted by 
appropriately qualified (by education, training, and experience) staff. Delegation of study 
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site personnel responsibilities will be documented in the Investigator Trial File Binder (or 
equivalent).

• All study-related medical (or dental) decisions must be made by an investigator who is a 
qualified physician (or dentist when appropriate).

• All screening evaluations must be completed and reviewed to confirm that potential 
participants meet all eligibility criteria. The investigator will maintain a screening log to 
record details of all participants screened and to confirm eligibility or record reasons for 
screening failure, as applicable.

• Procedures conducted as part of the participant’s routine clinical management (eg, blood 
count) and obtained before signing of ICF may be utilized for screening or baseline 
purposes provided the procedure met the protocol-specified criteria and were performed 
within the time frame defined in the SoA.

• Additional evaluations/testing may be deemed necessary by the investigator and or the 
Sponsor for reasons related to participant safety. In some cases, such evaluation/testing 
may be potentially sensitive in nature (eg, HIV, Hepatitis C), and thus local regulations 
may require that additional informed consent be obtained from the participant. In these 
cases, such evaluations/testing will be performed in accordance with those regulations.

Repeat or unscheduled samples may be taken for safety reasons or for technical issues with 
the samples.

8.1 Administrative and General Procedures

8.1.1 Informed Consent

The investigator or medically qualified designee (consistent with local requirements) must 
obtain documented informed consent from each potential participant or their legally 
acceptable representative prior to participating in this clinical study or future biomedical 
research. If there is a change to the participant’s status during the study (eg, health or age of 
majority requirements), the investigator or medically qualified designee must ensure the 
appropriate documented informed consent is in place.

8.1.1.1 General Informed Consent

Informed consent given by the participant or their legally acceptable representative must be 
documented on a consent form. The form must include the trial protocol number, trial 
protocol title, dated signature, and agreement of the participant (or his/her legally acceptable 
representative) and of the person conducting the consent discussion.

A copy of the signed and dated informed consent form should be given to the participant (or 
their legally acceptable representative) before participation in the study.

The initial ICF, any subsequent revised ICF, and any written information provided to the 
participant must receive the IRB/IEC’s approval/favorable opinion in advance of use. The 
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participant or his/her legally acceptable representative should be informed in a timely manner 
if new information becomes available that may be relevant to the participant’s willingness to 
continue participation in the study. The communication of this information will be provided 
and documented via a revised consent form or addendum to the original consent form that 
captures the participant’s or the participant’s legally acceptable representative’s dated 
signature.

If the investigator recommends continuation of study intervention beyond disease 
progression, the participant or their legally acceptable representative will be asked to provide 
documented informed consent.

Specifics about the study and the study population are to be included in the study consent 
form.

The informed consent will adhere to IRB/IEC requirements, applicable laws and regulations, 
and Sponsor requirements.

8.1.1.2 Consent and Collection of Specimens for Future Biomedical Research

The investigator or medically qualified designee will explain the future biomedical research 
consent to the participant, or the participant’s legally acceptable representative, answer all of 
his/her questions, and obtain documented informed consent before performing any procedure 
related to future biomedical research. A copy of the informed consent will be given to the 
participant before performing any procedure related to future biomedical research.

8.1.2 Inclusion/Exclusion Criteria

All inclusion and exclusion criteria will be reviewed by the investigator, who is a qualified 
physician, to ensure that the participant qualifies for the study.

8.1.3 Participant Identification Card

All participants will be given a participant identification card identifying them as participants 
in a research study. The card will contain study site contact information (including direct 
telephone numbers) to be used in the event of an emergency. The investigator or qualified 
designee will provide the participant with a participant identification card immediately after 
the participant provides documented informed consent. At the time of intervention
randomization, site personnel will add the treatment/randomization number to the participant 
identification card.

The participant identification card also contains contact information for the emergency 
unblinding call center so that a healthcare provider can obtain information about study 
intervention in emergency situations where the investigator is not available.

8.1.4 Medical History

A medical history will be obtained by the investigator or qualified designee. The 
investigator/designee will collect all active conditions and any condition diagnosed within 
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the prior 10 years that the investigator considers to be clinically important. Details regarding 
the disease for which the participant has enrolled in this study will be recorded separately and 
not listed as medical history.

If a medical condition is diagnosed at the time of Screening due to the physical examination, 
laboratory tests, radiologic assessments, other assessments, and/or a combination of these 
evaluations, the medical condition is to be recorded as a baseline condition along with the 
participant’s other medical history unless due to any protocol-specified intervention (eg, 
procedure, washout, or run-in treatment including placebo run-in).

8.1.5 Prior and Concomitant Medications Review

8.1.5.1 Prior Medications

The investigator or qualified designee will review prior medication use, including any 
protocol-specified washout requirement, and record prior medication taken by the participant 
within 28 days before C1D1. Treatment for the disease for which the participant has enrolled
in this study will be recorded separately and not listed as a prior medication.

8.1.5.2 Concomitant Medications

The investigator or qualified designee will record medication, if any, taken by the participant 
during the study through the Safety Follow-up visit. In addition, new medications started 
during the Second Course through the Second Course Safety Follow-up visit should be 
recorded.

8.1.6 Assignment of Screening Number

All consented participants will be given a unique screening number that will be used to 
identify the participant for all procedures that occur prior to randomization. Each participant 
will be assigned only 1 screening number. Screening numbers must not be re-used for 
different participants.

Any participant who is screened multiple times will retain the original screening number 
assigned at the initial screening visit. Specific details on the screening/rescreening visit 
requirements are provided in Section 8.11.1.

8.1.7 Assignment of Treatment/Randomization Number

All eligible participants will be randomly allocated and will receive a 
treatment/randomization number. The treatment/randomization number identifies the 
participant for all procedures occurring after treatment randomization. Once a 
treatment/randomization number is assigned to a participant, it can never be re-assigned to 
another participant.

A single participant cannot be assigned more than 1 treatment/randomization number.
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8.1.8 Study Intervention Administration

Administration of study intervention will be monitored by the investigator and/or study staff
and/or qualified designee per institutional guidelines and procedures.

Study intervention should begin within 3 days of randomization.

8.1.8.1 Timing of Dose Administration

Study intervention should be administered after all procedures/assessments have been 
completed. Study intervention may be administered up to 3 days before or after the scheduled 
Day 1 of each cycle due to administrative reasons except for C1D1, where the acceptable 
window is +3 days from randomization. Pembrolizumab or placebo infusion will be 
administered first, and then administration of chemotherapy, according to local guidelines 
and practices.

8.1.8.1.1 Pembrolizumab

Pembrolizumab 200 mg or placebo will be administered as a 30-minute IV infusion, every 
3 weeks. Sites should make every effort to target infusion timing to be as close to 30 minutes 
as possible. However, given the variability of infusion pumps from site to site, a window 
of -5 minutes and + 10 minutes is permitted (ie, infusion time is 30 minutes: -5 min/+10 
min).

Every effort should be made to begin the first dose of study intervention on the day of 
randomization, but if this is not achieved, study intervention should be initiated no later than 
3 days from the date of randomization.

All subsequent pembrolizumab or placebo cycles may be administered up to 3 days before or 
3 days after the scheduled Day 1 of each cycle due to administrative reasons per the 
investigator’s judgment.

The Pharmacy Manual contains specific instructions for pembrolizumab dose calculation, 
reconstitution, preparation of the infusion fluid, and administration.

8.1.8.1.2 Gemcitabine/Cisplatin

Cisplatin will be administered as an IV infusion on Day 1 and Day 8 of a 3-week cycle and 
should be immediately preceded and followed by hydration procedures and administered 
according to local guidelines/product label procedures. Cisplatin may be administered on 
Day 2, if required per local guidelines; however, Day 1 is the preferred day for intervention
administration. Gemcitabine will be administered as an IV infusion on Days 1 and 8 of a 
3-week cycle, according to local guidelines and product label procedures.

Premedication with antiemetic therapy can be given prior to cisplatin and gemcitabine
administration. Consider following Multinational Association of Supportive Care in Cancer 
(MASCC) guidelines (http://www.mascc.org/antiemetic-guidelines) and, including a 5-HT3 
receptor antagonist, dexamethasone (or equivalent) and aprepitant (or equivalent) as per the 
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MASCC guidelines. Based on data showing potential impact of steroid use on efficacy of 
PD-1 and PD-L1 blockade, systemic steroid use as anti-nausea medication should be limited 
as deemed safe by the investigator [Arbour, K. C., et al 2018].

8.1.9 Discontinuation and Withdrawal

Participants who discontinue study intervention prior to completion of the study intervention 
period should be encouraged to continue to be followed for all remaining study visits as 
outlined in the SoA and Section 8.11.3.

Participants who withdraw from the study should be encouraged to complete all applicable 
activities scheduled for the final study visit at the time of withdrawal. Any AEs that are 
present at the time of withdrawal should be followed in accordance with the safety 
requirements outlined in Section 8.4.

8.1.9.1 Withdrawal From Future Biomedical Research

Participants may withdraw their consent for future biomedical research. Participants may 
withdraw consent at any time by contacting the investigator for the main study. If medical 
records for the main study are still available, the investigator will contact the Sponsor using 
the designated mailbox (clinical.specimen.management@MSD.com). Subsequently, the 
participant's consent for future biomedical research will be withdrawn. A letter will be sent 
from the Sponsor to the investigator confirming the withdrawal. It is the responsibility of the 
investigator to inform the participant of completion of withdrawal. Any analyses in progress 
at the time of request for withdrawal or already performed prior to the request being received 
by the Sponsor will continue to be used as part of the overall research study data and results. 
No new analyses would be generated after the request is received.

In the event that the medical records for the main study are no longer available (eg, if the 
investigator is no longer required by regulatory authorities to retain the main study records) 
or the specimens have been completely anonymized, there will no longer be a link between 
the participant’s personal information and their specimens. In this situation, the request for 
specimen withdrawal cannot be processed.

8.1.10 Participant Blinding/Unblinding

STUDY INTERVENTION IDENTIFICATION INFORMATION IS TO BE UNMASKED 
ONLY IF NECESSARY FOR THE WELFARE OF THE PARTICIPANT. EVERY 
EFFORT SHOULD BE MADE NOT TO UNBLIND.

For emergency situations where the investigator or medically qualified designee (consistent 
with local requirements) needs to identify the intervention used by a participant and/or the 
dosage administered, he/she will contact the emergency unblinding call center by telephone 
and make a request for emergency unblinding. As requested by the investigator or medically 
qualified designee, the emergency unblinding call center will provide the information to 
him/her promptly and report unblinding to the Sponsor. Prior to contacting the emergency 
unblinding call center to request unblinding of a participant’s intervention assignment, the 
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investigator who is a qualified physician should make reasonable attempts to enter the 
intensity/toxicity grade of the AEs observed, the relation to study intervention, the reason 
thereof, etc., in the medical chart. If it is not possible to record this assessment in the chart 
prior to the unblinding, the unblinding should not be delayed.

In the event that unblinding has occurred, the circumstances around the unblinding (eg, date, 
reason, and person performing the unblinding) must be documented promptly, and the 
Sponsor Clinical Director notified as soon as possible.

For studies that require nonemergency unblinding as part of the study design (eg, disease 
progression) to support treatment decisions, IRT should be used to unblind the participant’s 
treatment assignment. The emergency unblinding center should not be used for this purpose.

Once an emergency unblinding or a nonemergency unblinding that is part of the study design 
has taken place, the investigator, site personnel, and Sponsor personnel may be unblinded so 
that the appropriate follow-up medical care can be provided to the participant.

Treatment identification information is to be unblinded ONLY in the following situation:

1. For the welfare of the participant, if necessary.

2. Participants requiring second course who completed 35 cycles and stopped first 
course study intervention with SD or better including CR and had to discontinue for 
any reason other than disease progression or intolerability. Such participants must 
have experienced radiographic disease progression while off study intervention 
according to the criteria in Section 6.1.2.

Note: PD-L1 status will remain blinded to the participant and the investigator.

Participants whose treatment assignment has been unblinded by the investigator or medically 
qualified designee and/or nonstudy treating physician should continue to be monitored in the 
study.

Additionally, the investigator or medically qualified designee must go into the IRT system 
and perform the unblind in the IRT system to update drug disposition. In the event that the 
emergency unblinding call center is not available for a given site in this study, the IRT 
system should be used for emergency unblinding in the event that this is required for 
participant safety.

8.1.11 Calibration of Equipment

The investigator or qualified designee has the responsibility to ensure that any device or 
instrument used for a clinical evaluation/test during a clinical study that provides information 
about inclusion/exclusion criteria and/or safety or efficacy parameters shall be suitably 
calibrated and/or maintained to ensure that the data obtained are reliable and/or reproducible. 
Documentation of equipment calibration must be retained as source documentation at the 
study site.
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8.1.12 Tumor Tissue for Biomarker Status

During the screening period, a tumor sample for each participant is required and is to be:

 A newly obtained core or incisional biopsy of a tumor lesion, which was not previously 
irradiated

or

 An archival tumor tissue sample if a new biopsy is unavailable (depending on protocol 
requirements)

FFPE tissue blocks are preferred to slides. Newly obtained biopsies are preferred to archived 
tissue.

Details pertaining to tumor tissue submission can be found in the Procedures Manual.

The central laboratory will use the tissue sample to ascertain PD-L1 status using the PD-L1 
IHC 22C3 pharmDx (Investigational Use Only [IUO]) diagnostic kit. The diagnostic test is 
identical to the US FDA approved PD-L1 IHC 22C3 pharmDx kit except it is labeled IUO.

The PD-L1 result will be masked to the site.

8.2 Efficacy/Immunogenicity Assessments

8.2.1 Tumor Imaging and Assessment of Disease

The process for image collection and transmission to the iCRO can be found in the Site 
Imaging Manual (SIM).

Tumor imaging by CT/MRI chest, abdomen and pelvis is required at all scheduled imaging 
time points (CT is strongly preferred). For the abdomen and pelvis, contrast-enhanced 
magnetic resonance imaging (MRI) may be used when CT with iodinated contrast is 
contraindicated, or when mandated by local practice.

Whole body radionuclide bone scan is as clinically indicated at baseline and on study. 
MRI/CT (MRI is strongly preferred) brain imaging is only as clinically indicated at baseline 
and on study.

The same imaging technique should be used in a participant throughout the study to optimize 
the reproducibility of the assessment of existing and new tumor burden and improve the 
accuracy of the response assessment based on imaging. Note: for the purposes of assessing 
tumor imaging, the term “investigator” refers to the local investigator at the site and/or the 
radiological reviewer at the site or at an offsite facility.

Participant eligibility will be determined using local assessment (investigator assessment) 
based on RECIST 1.1. All scheduled images for all study participants from the sites will be 
submitted to the iCRO. In addition, images (including via other modalities) that are obtained 
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at an unscheduled time point to determine disease progression, as well as imaging obtained 
for other reasons, but which shows radiologic progression, should also be submitted to the 
iCRO.

When the investigator identifies radiographic progression per RECIST 1.1, the iCRO will 
perform expedited verification of radiologic PD and communicate the results to the study site 
and Sponsor via email (refer to Section 8.2.1.5 and Figure 2). Treatment should continue 
until PD has been verified by BICR (if initial site-assessed PD was not verified by BICR, 
each subsequent scan must be submitted to iCRO with verification of PD request until PD 
has been verified by BICR). Regardless of whether PD is verified, if the investigator 
considers the participant has progressed, but elects to implement iRECIST, the investigator 
will assess for confirmation of progression by iRECIST at subsequent time points. Images 
should continue to be submitted to the iCRO.

8.2.1.1 Initial Tumor Imaging

The screening images must be submitted to the iCRO for retrospective review.

Tumor imaging performed as part of routine clinical management is acceptable for use as 
screening tumor imaging if it is of diagnostic quality and performed within 28 days prior to 
the date of randomization and can be assessed by the iCRO.

Tumor imaging at baseline includes the following:

 CT/MRI of the chest, abdomen, and pelvis

 MRI/CT of the brain when clinically indicated

 Bone scan whole body when clinically indicated

8.2.1.2 Tumor Imaging During the Study

On study first scheduled imaging assessment must be performed 6 weeks (42 days +7 days) 
from the date of randomization. Subsequent tumor imaging should be performed every 6 
weeks (42 days ±7 days) through Week 54. Participants who remain on treatment beyond 
Week 54 will have imaging performed every 12 weeks (84 days ±7 days).

Imaging timing should follow calendar days and should not be adjusted for delays in cycle 
starts. Imaging should continue to be performed until disease progression is identified by the 
investigator and verified by BICR (unless the investigator elects to continue treatment and 
follow iRECIST), the start of new anticancer treatment, withdrawal of consent, or death,
whichever occurs first. All supplemental imaging must be submitted to the iCRO.

Objective response should be confirmed by a repeat imaging assessment. Tumor imaging to 
confirm PR or CR should be performed at least 4 weeks after the first indication of a 
response is observed. Participants will then return to regular scheduled imaging, starting with 
the next scheduled imaging time point. Participants who receive additional imaging for 
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confirmation do not need to undergo the next scheduled tumor imaging if it is less than 4 
weeks later; tumor imaging may resume at the subsequent scheduled imaging time point. 
Note: Response does not typically need to be verified in real time by the BICR.

Per iRECIST (Section 8.2.1.6), disease progression should be confirmed by the site 4 to 8 
weeks after site-assessed first radiologic evidence of PD in clinically stable participants. 
Participants who have unconfirmed disease progression may continue on treatment at the 
discretion of the investigator until progression is confirmed by the site provided they have 
met the conditions detailed in Section 8.2.1.6. Participants who receive confirmatory imaging 
do not need to undergo the next scheduled tumor imaging if it is less than 4 weeks later; 
tumor imaging may resume at the subsequent scheduled imaging time point, if clinically 
stable. Participants who have confirmed disease progression by iRECIST, as assessed by the 
site, will discontinue study intervention. Exceptions are detailed in Section 8.2.1.6.

8.2.1.3 End-of-Treatment and Follow-up Tumor Imaging

For participants who discontinue study intervention, tumor imaging should be performed at 
the time of treatment discontinuation (±4 week window). If previous imaging was obtained 
within 4 weeks prior to the date of discontinuation, then imaging at treatment discontinuation 
is not mandatory. For participants who discontinue study intervention due to documented 
disease progression, this is the final required tumor imaging if the investigator elects not to 
implement iRECIST.

For participants who discontinue study intervention without documented disease progression, 
every effort should be made to continue monitoring disease status by tumor imaging using 
the same imaging schedule used while on treatment calculated from the date of 
randomization (refer to Section 8.2.1.2).

Scans are to be continued until one of the following conditions are met:

 disease progression as defined by RECIST 1.1 verified by BICR

 the start of a new anticancer treatment

 pregnancy

 death

 withdrawal of consent

 the end of the study

Participants who are clinically stable and treated past radiographic progression may continue 
to be assessed until progression is confirmed according to the rules of iRECIST, when 
clinically appropriate.
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8.2.1.4 Second Course (Retreatment) Tumor Imaging

Tumor scans must be performed within 28  days before restarting study intervention with 
pembrolizumab.

If disease progression has been verified by BICR for the First Course, the Second Course 
may be initiated. The disease progression scan may be used as the Second Course baseline 
scan if performed within 4 weeks prior to dosing and meets scan standards.

The first scan should be performed at 6 weeks (42 days +7 days) after restarting study 
intervention. Subsequent tumor scans are to be performed every 12 weeks (84 days ±7 days) 
or more frequently, if clinically indicated.

Scans should continue to be performed until disease progression, the start of a new anticancer 
treatment, withdrawal of consent, death, completion of Second Course, or notification by the 
Sponsor, whichever occurs first. 

If participants discontinue study intervention, tumor scans are to be performed at 
discontinuation (±4 week window) unless previous scans were obtained within 4 weeks of 
discontinuation. If participants discontinue study intervention due to documented disease 
progression, this is the final required tumor scan.

If participants discontinue study intervention without documented disease progression, every 
effort is to be made to monitor disease status by acquiring tumor scans every 12 weeks (84
days ±7 days) until the start of a new anticancer treatment, disease progression, death, or the 
end of the study, whichever occurs first.

The only Second Course scan to be provided to the iCRO is the baseline scan if it is the final 
scan for the Initial Treatment or First Course.

8.2.1.5 RECIST 1.1 Assessment of Disease

RECIST 1.1 will be used as the primary measure for assessment of tumor response, date of 
disease progression, and as a basis for all protocol guidelines related to disease status (eg,
discontinuation of study intervention). Although RECIST 1.1 references a maximum of 5 
target lesions in total and 2 per organ, this protocol allows a maximum of 10 target lesions in 
total and 5 per organ, if clinically relevant to enable a broader sampling of tumor burden.

Upon investigator-assessed disease progression, the indicative scans are to be submitted 
immediately to iCRO for BICR verification of progression. After submission of scan(s), the 
iCRO will email the assessment to the site and Sponsor.

If disease progression is not verified, the process continues as follows:

• If participant is clinically stable, continue study intervention per protocol

- resume imaging per protocol schedule (≥4 weeks to next scan)
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- send scans to iCRO

- continue local assessment

- do not change investigator assessment of progression

- if subsequent scan(s) indicate progression, submit scan(s) to iCRO to request 
verification

• If the participant is not clinically stable, best medical practice is to be applied

Before stopping study intervention or imaging or starting new anti-cancer therapy in a 
participant who is clinically stable, communication with the Sponsor is required.

If disease progression is verified, the process continues as follows:

• investigator judgement will determine action

• if the participant is clinically stable and study intervention is to continue, communication 
with the sponsor is required and a reconsent addendum must be signed

• obtain scans locally per original protocol schedule

• do not send scans to iCRO

Figure 2 illustrates the study intervention decision process involving verification of disease 
progression for participants.

• For the purpose of this decision process, lack of clinical stability is defined as:

- unacceptable toxicity

- clinical signs or symptoms indicating clinically significant disease progression

- decline in performance status

- rapid disease progression or threat to vital organs or critical anatomical sites (eg, CNS 
metastasis, respiratory failure due to tumor compression, spinal cord compression) 
requiring urgent alternative medical intervention
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Figure 2 Study Intervention Decision Making Process When Progression per RECIST 1.1 
is Observed by the Investigator (PFS Endpoint)

8.2.1.6 iRECIST Assessment of Disease

iRECIST is based on RECIST 1.1, but adapted to account for the unique tumor response seen 
with immunotherapeutic drugs. iRECIST will be used by the investigator to assess tumor 
response and progression, and make treatment decisions [Seymour, L., et al 2017]. When 
clinically stable, participants may continue study intervention beyond RECIST 1.1
progression with continued assessment of response according to the rules outlined in
Appendix 8. iRECIST reflects that some participants can have a transient tumor flare after 
the start of immunotherapy then experience subsequent disease response. This data will be 
captured in the clinical database.

 If the participant is clinically stable (refer to Sec. 8.2.1.5), continue study intervention per 
protocol 

 Perform scans 4 to 8 weeks after RECIST 1.1 progression

 Continue investigator assessment per iRECIST

 If progression is BICR-verified, stop sending scans to iCRO

 If the participant is not clinically stable, best medical practice is to be applied.
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8.2.2 Patient-reported Outcomes

The EQ-5D-5L, EORTC QLQ-C30, and EORTC QLQ-BIL21 questionnaires will be 
administered by trained site personnel and completed electronically by participants in the 
following order: EQ-5D-5L first, then EORTC QLQ-C30, then EORTC QLQ-BIL21. See the 
SoA (Section 1.3.1) for ePRO administration schedule.

It is best practice and strongly recommended that electronic patient-reported outcomes 
(ePROs) are administered to randomized participants prior to drug administration, AE
evaluation, and disease status notification. If the participant does not complete the ePROs at a
scheduled time point, the MISSMODE form must be completed to capture the reason the 
assessment was not performed.

If at the time of enrollment of a participant, the translated version of the EQ-5D-5L, EORTC 
QLQ-C30 and/or EORTC QLQ-BIL21 questionnaires are not available for that 
language/country, and therefore cannot be completed by the participant at Cycle 1 Day 1, 
then the EORTC QLQ-C30 and/or EORTC QLQ-BIL21 will not be required for this 
participant at any point during the study. The other study PRO measures must be completed 
as scheduled.

NOTE: For some sites, the translated EORTC QLQ-C30 and/or EORTC QLQ-BIL21 might 
become available after study start-up and should be administered to participants at their time 
of enrollment; for some sites, the EORTC QLQ-C30 and/or EORTC QLQ-BIL21 translation 
might not be available for the entire duration of the study.

8.3 Safety Assessments

Details regarding specific safety procedures/assessments to be performed in this study are 
provided below.

Planned time points for all safety assessments are provided in the SoA.

8.3.1 Physical Examinations

8.3.1.1 Full Physical Examination

The investigator or qualified designee will perform a complete physical examination during 
the Screening period and at the time of study intervention discontinuation. Clinically 
significant abnormal findings should be recorded as medical history. After the first dose of 
study intervention, new clinically significant abnormal findings should be recorded as AEs.

Investigators should pay special attention to clinical signs related to previous serious illnesses
including signs of liver decompensation (eg, hepatic encephalopathy and ascites).

8.3.1.2 Directed Physical Examination

For cycles that do not require a full physical examination, as defined in Section 1.3, the 
investigator or qualified designee will perform a directed physical examination, including 
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special attention to signs of liver decompensation (eg, hepatic encephalopathy and ascites), as 
clinically indicated, prior to study intervention administration. New clinically significant 
abnormal findings should be recorded as AEs.

Day 8 directed physical examination will not be performed when both chemotherapy agents 
(gemcitabine/cisplatin) are permanently discontinued.

Investigators should pay special attention to clinical signs related to previous serious 
illnesses.

8.3.2 Audiometry

Participants receiving cisplatin should be monitored for audiological complications.
Audiometry testing will be performed at Screening or per local standard, by the investigator 
or medically qualified designee (consistent with local requirements). Assessments may be 
repeated during the study, as clinically indicated. After the first dose of study intervention, 
new clinically significant abnormal findings should be recorded as AEs.

8.3.3 Vital Signs

The investigator or qualified designee will take vital signs at Screening, prior to the 
administration of each dose of study intervention, at study discontinuation, and during the 
Follow-up Period, as specified in the SoA (Section 1.3). Vital signs include temperature, 
pulse, respiratory rate, weight, and blood pressure. Height will be measured at the screening 
visit only.

Day 8 vital signs will not be assessed/performed when both chemotherapy agents 
(gemcitabine/cisplatin) are permanently discontinued.

8.3.4 Electrocardiograms

A standard 12-lead electrocardiogram (ECG) will be performed using local standard 
procedures once at Screening. Clinically significant abnormal findings should be recorded as 
medical history. Additional ECGs may be performed as clinically necessary.

8.3.5 Clinical Safety Laboratory Assessments

• Refer to Appendix 2 for the list of clinical laboratory tests to be performed and to the 
SoA for the timing and frequency.

• The investigator or medically qualified designee (consistent with local requirements) 
must review the laboratory report, document this review, and record any clinically 
relevant changes occurring during the study in the AE section of the case report form 
(CRF). The laboratory reports must be filed with the source documents. Clinically 
significant abnormal laboratory findings are those which are not associated with the 
underlying disease, unless judged by the investigator to be more severe than expected for 
the participant's condition.
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• All protocol-required laboratory assessments, as defined in Appendix 2, must be 
conducted in accordance with the laboratory manual and the SoA.

• If laboratory values from nonprotocol-specified laboratory assessments performed at the 
institution’s local laboratory require a change in study participant management or are 
considered clinically significant by the investigator (eg, SAE or AE or dose 
modification), then the results must be recorded in the appropriate CRF (eg, SLAB).

• For any laboratory tests with values considered clinically significantly abnormal during 
participation in the study or within 30 days after the last dose of study intervention, every 
attempt should be made to perform repeat assessments until the values return to normal or 
baseline or if a new baseline is established as determined by the investigator.

Details regarding specific laboratory procedures/assessments to be performed in this study 
are provided below. The total amount of blood/tissue to be drawn/collected over the course 
of the study (from Screening to End of Intervention), including approximate blood/tissue 
volumes drawn/collected by visit and by sample type per participant can be found in the 
Study laboratory manual. Refer to the SoA (Section 1.3) for the timing of laboratory 
assessments.

8.3.5.1 Laboratory Safety Evaluations (Hematology, Chemistry and Urinalysis)

Laboratory tests for hematology, chemistry, and urinalysis are specified in Appendix 2.

Day 8 hematology, chemistry and liver panel blood samples will not be collected after both 
chemotherapy agents (gemcitabine/cisplatin) are permanently discontinued.

Repeat HBV viral load and HBsAg testing approximately every 6 weeks if HBsAg negative 
and anti-HBc positive and HBV viral load is undetectable at screening and not on antiviral
therapy and approximately every 12 weeks for participants on antiviral therapy for HBV until 
the end of study intervention and then per local standard of care. This testing should be 
aligned with study intervention visits.

8.3.5.2 Pregnancy Testing

 Pregnancy testing:

- Pregnancy testing requirements for study inclusion are described in Section 5.1.

- Pregnancy testing (urine or serum as required by local regulations) should be 
conducted every 3 weeks during the Study Intervention Phase.

- Pregnancy testing (urine or serum as required by local regulations) should be 
conducted approximately 240 days after the last dose of chemotherapy or 150 days 
after the last dose of pembrolizumab or placebo, whichever is greater, or 30 days after 
cessation of study intervention if the participant initiates new anticancer therapy.
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- Additional serum or urine pregnancy tests may be performed, as determined 
necessary by the investigator or required by local regulation, to establish the absence 
of pregnancy at any time during the participant’s participation in the study.

Refer to Section 10.7 (Appendix 7) for country-specific requirements.

8.3.6 Performance Assessments

8.3.6.1 Eastern Cooperative Oncology Group (ECOG) Performance Scale

The ECOG Performance Status is standardized criteria to measure how cancer impacts level 
of functioning (performance status) in terms of ability to care for oneself, daily activity, and 
physical ability (walking, working, etc) with Grades 0 to 5.

The investigator or qualified designee will assess ECOG status (see Appendix 9) at 
Screening, prior to the administration of each dose of study intervention and during the 
Follow-up Period, as specified in the SoA (Section 1.3). If ECOG status assessment is 
performed prior to dosing on C1D1, then Screening ECOG is not mandatory.

Day 8 ECOG status will not be performed after both chemotherapy agents (gemcitabine/
cisplatin) are permanently discontinued.

8.4 Adverse Events (AEs), Serious Adverse Events (SAEs), and Other Reportable 
Safety Events

The definitions of an AE or SAE, as well as the method of recording, evaluating, and 
assessing causality of AE and SAE and the procedures for completing and transmitting AE, 
SAE, and other reportable safety event reports can be found in Appendix 3.

Progression of the cancer under study is not considered an AE as described in Section 8.4.6
and Appendix 3.

Adverse events, SAEs, and other reportable safety events will be reported by the participant 
(or, when appropriate, by a caregiver, surrogate, or the participant's legally authorized 
representative).

The investigator and any designees are responsible for detecting, documenting, and reporting 
events that meet the definition of an AE or SAE as well as other reportable safety events. 
Investigators remain responsible for following up AEs, SAEs, and other reportable safety 
events for outcome according to Section 8.4.3.

The investigator, who is a qualified physician, will assess events that meet the definition of 
an AE or SAE as well as other reportable safety events with respect to seriousness, 
intensity/toxicity and causality.

Adverse events will not be collected for participants during the prescreening period (for 
determination of archival tissue status) as long as that participant has not undergone any 
protocol-specified procedure or intervention. If the participant requires a blood draw, fresh 
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tumor biopsy, etc., the participant is first required to provide consent to the main study, and 
AEs will be captured according to guidelines for standard AE reporting.

8.4.1 Time Period and Frequency for Collecting AE, SAE, and Other Reportable 
Safety Event Information

All AEs, SAEs, and other reportable safety events that occur after the participant provides 
documented informed consent but before intervention randomization must be reported by the 
investigator if the participant is receiving placebo run-in or other run-in treatment, if the 
event causes the participant to be excluded from the study, or is the result of a protocol-
specified intervention, including but not limited to washout or discontinuation of usual 
therapy, diet, or a procedure.

• All AEs from the time of intervention randomization through 30 days following cessation 
of study intervention must be reported by the investigator.

• All AEs meeting serious criteria, from the time of intervention randomization through 90 
days following cessation of study intervention or 30 days following cessation of study 
intervention if the participant initiates new anticancer therapy, whichever is earlier, must 
be reported by the investigator.

• All pregnancies and exposure during breastfeeding, from the time of intervention 
allocation/randomization through the time required to eliminate systemic exposure after 
cessation of study intervention as described in [Sections 5.1 and 8.3.5], or 30 days after 
cessation of study intervention if the participant initiates new anticancer therapy must be 
reported by the investigator.

• Additionally, any SAE brought to the attention of an investigator at any time outside of 
the time period specified above must be reported immediately to the Sponsor if the event 
is considered related to study intervention.

Investigators are not obligated to actively seek AEs or SAEs or other reportable safety events 
in former study participants. However, if the investigator learns of any SAE, including a 
death, at any time after a participant has been discharged from the study, and he/she 
considers the event to be reasonably related to the study intervention or study participation, 
the investigator must promptly notify the Sponsor.

All initial and follow-up AEs, SAEs, and other reportable safety events will be recorded and 
reported to the Sponsor or designee within the time frames as indicated in Table 9.

Exception: A positive pregnancy test at the time of initial screening is not a reportable event 
unless the participant has received study intervention.

0880QN



PRODUCT:  MK-3475  120

PROTOCOL/AMENDMENT NO.:  966-06  

MK-3475-966-06 FINAL PROTOCOL 16-JUN-2022

Table 9 Reporting Time Periods and Time Frames for Adverse Events and Other 
Reportable Safety Events

Type of Event
Reporting Time Period:
Consent to 
Randomization/ Allocation

Reporting Time 
Period:
Randomization/ 
Allocation 
through Protocol-
specified Follow-
up Period

Reporting Time 
Period:
After the Protocol-
specified Follow-up 
Period

Time Frame 
to Report 
Event and 
Follow-up 
Information 
to Sponsor:

Nonserious 
Adverse Event 
(NSAE) 

Report if:
- due to protocol-specified 
intervention
- causes exclusion
- participant is receiving 
placebo run-in or other run-
in treatment

Report all Not required Per data entry 
guidelines

Serious Adverse 
Event (SAE) 
including Cancer 
and Overdose

Report if:
- due to protocol-specified 
intervention
- causes exclusion
- participant is receiving 
placebo run-in or other run-
in treatment

Report all Report if:
- drug/vaccine 
related.
(Follow ongoing to 
outcome)

Within 24 
hours of 
learning of 
event

Pregnancy/
Lactation 
Exposure

Report if:
- due to intervention
- causes exclusion
Exception: A positive 
pregnancy test at the time of 
initial screening is not a 
reportable event unless the 
participant has received 
study intervention.

Report all Previously reported –
Follow to completion/
termination; report 
outcome

Within 24 
hours of 
learning of 
event

Event of Clinical 
Interest (require 
regulatory 
reporting)

Report if:
- due to intervention
- causes exclusion

Report
- hepatic ECIs 
- require regulatory 
reporting

Not required Within 24 
hours of 
learning of 
event

Event of Clinical 
Interest (do not 
require regulatory 
reporting)

Report if:
- due to intervention
- causes exclusion

Report
- non-hepatic ECIs 
and those not 
requiring 
regulatory 
reporting

Not required Within 5 
calendar days 
of learning of 
event

8.4.2 Method of Detecting AEs, SAEs, and Other Reportable Safety Events

Care will be taken not to introduce bias when detecting AEs and/or SAEs and other 
reportable safety events. Open-ended and nonleading verbal questioning of the participant is 
the preferred method to inquire about AE occurrence.
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8.4.3 Follow-up of AE, SAE, and Other Reportable Safety Event Information

After the initial AE/SAE report, the investigator is required to proactively follow each 
participant at subsequent visits/contacts. All AEs, SAEs, and other reportable safety events,
including pregnancy and exposure during breastfeeding, events of clinical interest (ECIs), 
cancer, and overdose will be followed until resolution, stabilization, until the event is 
otherwise explained, or the participant is lost to follow-up (as defined in Section 7.3). In 
addition, the investigator will make every attempt to follow all nonserious AEs that occur in
randomized participants for outcome. Further information on follow-up procedures is given 
in Appendix 3.

8.4.4 Regulatory Reporting Requirements for SAE

Prompt notification (within 24 hours) by the investigator to the Sponsor of SAE is essential 
so that legal obligations and ethical responsibilities towards the safety of participants and the 
safety of a study intervention under clinical investigation are met.

The Sponsor has a legal responsibility to notify both the local regulatory authority and other 
regulatory agencies about the safety of a study intervention under clinical investigation. The 
Sponsor will comply with country-specific regulatory requirements and global laws and 
regulations relating to safety reporting to regulatory authorities, IRB/IECs, and investigators.

Investigator safety reports must be prepared for suspected unexpected serious adverse 
reactions (SUSARs) according to local regulatory requirements and Sponsor policy and 
forwarded to investigators as necessary.

An investigator who receives an investigator safety report describing an SAE or other 
specific safety information (eg, summary or listing of SAE) from the Sponsor will file it 
along with the IB and will notify the IRB/IEC, if appropriate according to local requirements.

8.4.5 Pregnancy and Exposure During Breastfeeding

Although pregnancy and infant exposure during breastfeeding are not considered AEs, any 
pregnancy or infant exposure during breastfeeding in a participant (spontaneously reported to 
the investigator or their designee), including the pregnancy of a male participant’s female 
partner, that occurs during the study are reportable to the Sponsor.

All reported pregnancies must be followed to the completion/termination of the pregnancy. 

Any pregnancy complication will be reported as an AE or SAE.

The medical reason (example: maternal health or fetal disease) for an elective termination of 
a pregnancy will be reported as an AE or SAE. Prenatal testing showing fetus will be born 
with severe abnormalities/congenital anomalies that leads to an elective termination of a 
pregnancy will be reported as an SAE for the fetus.

Pregnancy outcomes of ectopic pregnancy, spontaneous abortion, missed abortion, benign 
hydatidiform mole, blighted ovum, fetal death, intrauterine death, miscarriage, and stillbirth 
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must be reported as serious events (Important Medical Events). If the pregnancy continues to 
term, the outcome (health of infant) must also be reported.

8.4.6 Disease-related Events and/or Disease-related Outcomes Not Qualifying as 
AEs or SAEs

Efficacy endpoints, as outlined in this section, will not be reported to the Sponsor as AEs or 
SAEs, as described in Section 8.4.1.

Specifically, the suspected/actual events covered in this exception include any event that is
disease progression of the cancer under study.

The Sponsor (via the external data monitoring committee [eDMC]) will monitor unblinded 
aggregated efficacy endpoint events and safety data to ensure the safety of the participants in 
the study. The Sponsor will ensure that unblinded aggregated efficacy endpoint events and 
safety data are monitored to safeguard the participants in the study.

8.4.7 Events of Clinical Interest (ECIs)

Selected nonserious and SAEs are also known as ECIs and must be reported to the Sponsor. 

Events of clinical interest for this study include: 

a. An overdose of Sponsor's product, as defined in Section 8.5, that is not associated with 
clinical symptoms or abnormal laboratory results.

b. Hepatic ECIs as defined in Section 6.6.1.3. For guidance related to the diagnosis and 
management of hepatic ECIs, refer to Section 6.6.1.3.

8.5 Treatment of Overdose

For this study, an overdose of pembrolizumab will be defined as any dose of 1000 mg or 
greater.

No specific information is available on the treatment of overdose of pembrolizumab. In the 
event of overdose, the participant should be observed closely for signs of toxicity. 
Appropriate supportive treatment should be provided if clinically indicated.

An overdose for gemcitabine or cisplatin will be defined as any dose exceeding the 
prescribed dose by 20%.

Treatment of overdose of gemcitabine or cisplatin should follow the guidelines in the 
relevant product labels. In the event of overdose, the participant should be observed closely 
for signs of toxicity. Appropriate supportive treatment should be provided if clinically 
indicated.
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8.6 Pharmacokinetics

The decision as to which blood samples collected will be assayed for evaluation of 
PK/pharmacodynamics will be collaboratively determined by the Sponsor (eg, samples at 
lower doses may not be assayed if samples at higher doses reveal undetectable drug 
concentrations). If indicated, these samples may also be assayed and/or pooled for assay in an 
exploratory manner for metabolites and/or additional pharmacodynamic markers.

To further evaluate pembrolizumab immunogenicity and pembrolizumab exposure in this 
indication, and also to evaluate exposure of the proposed dosing regimen, sample collections 
for analysis of antidrug antibodies (ADA) and PK are currently planned as shown in the SoA 
(Section 1.3.1). Blood samples will be obtained to measure PK of serum pembrolizumab. 
The pembrolizumab serum maximum concentration (Cmax) and minimum concentration 
(Ctrough) at planned visits and times will be summarized. If ongoing ADA and/or PK results 
continue to be consistent with existing ADA and/or PK data from other pembrolizumab 
clinical studies, it may be decided to discontinue or reduce further sample collection in this 
study. 

8.6.1 Blood Collection for PK for MK-3475

Sample collection, storage, and shipment instructions for serum samples will be provided in 
the laboratory manual. Pharmacokinetic samples should be drawn according to the PK 
collection schedule for all participants in the SoA (Section 1.3.1).

8.6.2 Blood Collection for Anti-pembrolizumab Antibodies

Sample collection, storage, and shipment instructions for serum samples will be provided in 
the laboratory manual. Anti-pembrolizumab antibody samples should be drawn according to 
the ADA collection schedule for all participants in the SoA (Section 1.3.1). Simultaneous PK 
sampling is required for interpretation of ADA analysis.

8.6.3 Blood Collection for RNA Analyses and Plasma and Serum Biomarker 
Analyses

Blood should be collected predose for C1D1, C2D1, C5D1, and at End of Intervention (EOI).
will be stored at the end of the study for future biomedical 

research if the participant has consented (refer to Section 8.9).

Further details are provided in the laboratory manual.

8.7 Pharmacodynamics

Pharmacodynamic parameters will not be evaluated in this study.

CCI
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8.8 Biomarkers

Sample collection, storage, and shipment instructions for the exploratory biomarker 
specimens will be provided in the laboratory manual.

Refer to Section 10.7 (Appendix 7) for country-specific requirements.

8.8.1 Planned Genetic Analysis Sample Collection

The planned genetic analysis sample should be drawn 
 This sample will not be collected at the 

site if there is either a local law or regulation prohibiting collection, or if the IRB/IEC does 
not approve the collection of the sample for these purposes. If the sample is collected, 

will be stored for future biomedical research if the participant 
provides documented informed consent for future biomedical research. If the planned genetic
analysis is not approved, but future biomedical research is approved and consent is given, 
this sample will be collected for the purpose of future biomedical research.

Sample collection, storage, and shipment instructions for planned genetic analysis samples 
will be provided in the laboratory manual.

8.8.2 Tissue Sample

All participants must submit either a newly obtained core or excisional biopsy or archival 
tissue (fine needle aspirate is not adequate for both archival and new tissue samples) to a 
central vendor for characterization of biomarker evaluation and deemed adequate for 
evaluation prior to randomization. Submission of formalin-fixed, paraffin-embedded block 
specimens are preferred to slides. If the sample is determined to be nonevaluable prior to 

CCI

CCI

CCI

CCI
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testing by the central laboratory, a new sample must be submitted and deemed adequate by 
the central vendor prior to participant randomization. Detailed instructions for tissue 
collection, processing, and shipment are provided in the laboratory manual.

If the participant provides documented informed consent for future biomedical research, any 
leftover samples that would be ordinarily discarded at the end of the main study will be 
retained for future biomedical research.

8.9 Future Biomedical Research Sample Collection

If the participant provides documented informed consent for future biomedical research, the 
following specimens will be obtained as part of future biomedical research:

• Leftover specimens listed in Section 8.8 Biomarkers.

8.10 Health Economics Medical Resource Utilization and Health Economics

Medical resource utilization and health economics data associated with medical encounters 
will be collected in the CRF by the investigator and study site personnel for all participants 
throughout the study. Protocol-mandated procedures, tests, and encounters are excluded.

The collected data may be used to conduct exploratory economic analyses and will include:

All-cause hospitalizations and emergency department visits must be reported in the eCRF, 
from the time of study intervention allocation/randomization through 90 days following 
cessation of study intervention, or 30 days following cessation of study intervention, if the 
participant initiates new anticancer therapy, whichever is earlier.

8.11 Visit Requirements

Visit requirements are outlined in Section 1.3. Specific procedure-related details are provided 
in Section 8.

8.11.1 Screening

Documented informed consent must be provided prior to performing any protocol-specific 
procedure. Results of a test performed prior to the participant signing consent as part of 
routine clinical management are acceptable in lieu of a screening test if performed within the 
specified time frame. Screening procedures are to be completed within 28 days prior to the 
first dose of study intervention except for the following:

 Laboratory tests are to be performed within 14 days prior to the first dose of study 
intervention. An exception is hepatitis testing which may be performed up to 28 days 
prior to the first dose of study intervention. Evaluation of ECOG is to be performed 
within 3 days prior to the first dose of study intervention.

 For women of reproductive potential, a urine or serum pregnancy test will be 
performed within 24 hours (urine) or 72 hours (serum) prior to the first dose of study 
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intervention. If urine pregnancy results cannot be confirmed as negative, a serum 
pregnancy test will be required (performed by the local study site laboratory).

Tumor tissue from a fresh core or excisional biopsy or archival is acceptable. Archival tissue 
must be <5 years of age from the time of sample submission.

8.11.1.1 Rescreening

Participants may be rescreened after initially failing to meet the inclusion/exclusion criteria. 
Results from assessments during the initial screening period are acceptable in lieu of a repeat 
screening test if performed within the specified time frame and the corresponding 
inclusion/exclusion criteria is met. For repeat hepatitis testing during rescreening, the site 
may proceed with randomization in certain cases after collecting hepatitis blood samples but 
before results are available only with approval by the Sponsor. Participants may not rescreen 
more than 1 time without consulting with the Sponsor. Participants who are rescreened will 
retain their original screening number.

8.11.2 Study Intervention Period

Visit requirements are outlined in the SoA (Section 1.3). Specific procedure-related details 
are provided in Section 8.1 through 8.11.

8.11.3 Post-intervention Visit

8.11.3.1 Safety Follow-up Visit

The mandatory Safety Follow-up Visit should be conducted approximately 30 days after the 
last dose of study intervention or before the initiation of a new anticancer treatment, 
whichever comes first.

Participants who are eligible for retreatment with pembrolizumab may have up to 2 safety 
follow-up visits: 1 after the Initial Treatment or First Course and 1 after the Second Course.

8.11.3.2 Efficacy Follow-up Visits

Participants who complete the protocol-required cycles of study intervention or discontinue 
study intervention for a reason other than disease progression will begin Efficacy Follow-up 
and should be assessed Q6W (42 days ±7 days) through Week 54 and Q12W (84 days ±7 
days) thereafter to monitor disease status. Every effort should be made to collect information 
regarding disease status until the start of new anticancer therapy, disease progression, death, 
end of study, or if the participant begins retreatment. Information regarding poststudy 
anticancer treatment will be collected if new treatment is initiated.

Participants who complete all efficacy assessments and/or will not have further efficacy 
assessments must enter Survival Follow-up.
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Participants who are eligible to receive retreatment with pembrolizumab according to the 
criteria in Section 6 will move from Efficacy Follow-up to Second Course when they 
experience disease progression. Details are provided in the SoA (Section 1.3).

8.11.3.3 Survival Follow-up Assessments

Participant survival follow-up status will be assessed approximately every 12 weeks until 
death, withdrawal of consent, or the end of the study, whichever occurs first.

The first survival follow-up assessment should be scheduled as described below:

 For participants who discontinue treatment intervention and who will not enter 
Efficacy Follow-up, the first survival follow-up contact will be scheduled 12 weeks 
after the discontinuation visit and/or Safety Follow-up Visit (whichever is last).

 For participants who completed assessments in Efficacy Follow-up, the first survival 
follow-up contact will be scheduled 12 weeks after the last efficacy assessment 
follow-up visit has been performed.

8.11.4 Vital Status

To ensure current and complete survival information (vital status) is available at the time of 
database locks, updated vital status may be requested during the study by the Sponsor. For 
example, updated vital status may be requested before but not limited to, an eDMC review, 
interim and/or final analysis. Upon Sponsor notification, all participants who do not/will not 
have a scheduled study visit or study contact during the Sponsor-defined time period will be 
contacted for their vital status.

9 STATISTICAL ANALYSIS PLAN

This section outlines the statistical analysis strategy and procedures for the study. If, after the 
study has begun, but prior to any unblinding/final database lock, changes are made to 
primary and/or key secondary hypotheses, or the statistical methods related to those 
hypotheses, then the protocol will be amended (consistent with International Council for 
Harmonisation of Technical Requirements for Pharmaceuticals for Human Use [ICH]
Guideline E-9). Changes to exploratory or other nonconfirmatory analyses made after the 
protocol has been finalized, but prior to unblinding/final database lock, will be documented 
in a supplemental SAP (sSAP) and referenced in the clinical study report (CSR) for the 
study. Post hoc exploratory analyses will be clearly identified in the CSR. Other planned 
analyses (ie, those specific to the analysis of PK data or PROs) will be documented in a sSAP 
or separate analysis plans.

Details pertaining to the statistical analyses for participants enrolled in China will be 
provided in a separate sSAP.
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9.1 Statistical Analysis Plan Summary

Key elements of the SAP are summarized below; the comprehensive plan is provided in 
Sections 9.2 through 9.12.

Study Design Overview A Phase 3 Randomized, Double Blind Study of Pembrolizumab Plus 
Gemcitabine/Cisplatin versus Placebo Plus Gemcitabine/Cisplatin as First-
Line Therapy in Participants with Advanced and/or Unresectable Biliary 
Tract Carcinoma

Study Intervention
Assignment

Participants will be randomized in a 1:1 ratio to receive pembrolizumab
plus gemcitabine/cisplatin (experimental arm) or placebo plus 
gemcitabine/cisplatin (control arm). This is a double-blind study. Study 
Intervention allocation/randomization will be stratified according to the 
following factors:

 Geographic region (Region 1: Asia versus Region 2: Non-Asia)

 Locally advanced versus metastatic

 Site of Origin (gallbladder/intrahepatic/extrahepatic)

Analysis Populations Efficacy: Intention to Treat (ITT)

Safety: All Participants as Treated (APaT)

Primary
Endpoint/Hypothesis

Overall survival (OS)

Statistical Methods for
Key Efficacy Analyses

The primary and secondary hypotheses will be evaluated by comparing
pembrolizumab plus gemcitabine/cisplatin to placebo plus 
gemcitabine/cisplatin in OS and PFS using stratified log-rank tests.
Estimation of the HR will be performed using a stratified Cox regression 
model. Event rates over time will be estimated within each treatment group
using the Kaplan-Meier method. The stratified Miettinen and Nurminen
method [Miettinen, O. and Nurminen, M. 1985] with strata weighted by 
sample size will be used for analysis of ORR. 

Statistical Methods for
Key Safety Analyses

For analyses in which 95% CIs will be provided for between treatment 
differences in the percentage of participants with events, these analyses will be 
performed using the Miettinen and Nurminen method.
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Interim Analyses Two interim analyses are planned in this study. Results will be reviewed 
by an external data monitoring committee. Details are provided in Section 
9.7.

 Interim Analysis 1 (IA1)

o Timing: To be performed when ~585 OS events have been 
observed and ~26 months passed since the start of 
randomization.

o Primary purpose: Interim analysis for OS and final 
analyses for PFS and ORR.

 Interim Analysis 2 (IA2)

o Timing: To be performed when ~695 OS events have been 
observed and ~32 months passed since the start of 
randomization.

o Primary purpose: Interim analysis for OS.

 Final Analysis

o Timing: To be performed when ~818 OS events have been 
observed and ~38 months passed since the start of 
randomization

o Primary purpose: Final analysis for OS

Multiplicity The overall Type I error over the primary and secondary hypotheses is 
strongly controlled at 2.5% (1-sided), with 2.5% initially allocated to OS
(H1). By using the graphical approach of Mauer and Bretz [Maurer, W., et al 
2011], if one null hypothesis is rejected, the alpha will be shifted to other 
hypotheses. The alpha value will be passed for testing PFS and ORR if the 
OS null hypothesis is rejected.

Sample Size and Power The planned sample size was 1048 participants, but the updated power 
calculations are based on 1069 participants, which is the actual final number 
of randomized participants. It is estimated that there will be ~818 deaths at
the OS final analysis. With 818 deaths, the study has ~93% power to reject 
the null OS hypothesis under the alternative hypothesis (HR=1 for the first 2 
months from randomization followed by HR=0.75 after 2 months) at an 
initially assigned 2.5% (1-sided) significance level. 

China Extension (if
applicable)

China participants randomized during the global portion will be included in 
all global portion analyses (efficacy and safety). China participants 
randomized during the China extension portion will be excluded from all 
global portion analyses. China participants randomized during global and 
extension portion will both be included in the China-specific analyses.

9.2 Responsibility for Analyses/In-house Blinding

The statistical analysis of the data obtained from this study will be the responsibility of the 
Clinical Biostatistics department of the Sponsor.

This study will be conducted as a double-blind study under in-house blinding procedures. 
The official, final database will not be unblinded until medical/scientific review has been 
performed, protocol deviations have been identified, and data have been declared final and 
complete.
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The Clinical Biostatistics department will generate the randomized allocation schedule(s) for 
study intervention assignment for this protocol, and the randomization will be implemented 
in an interactive voice response system.

The investigator and Sponsor study team (clinical, statistical, statistical programming and 
data management personnel) will be blinded to participant level PD-L1 biomarker results.
PD-L1 biomarker results will not be shared with the site staff or participants. An unblinded 
Sponsor clinical scientist, statistician, and statistical programmer will have access to 
participant level PD-L1 results for the purpose of data review and will have no other 
responsibilities associated with the study. A summary of PD-L1 biomarker prevalence may 
be provided to the Sponsor study team by the unblinded designated Sponsor statistician.
Further documentation will be provided in the sSAP. In addition, imaging will be performed 
by BICR without knowledge of treatment assignments or PD-L1 status.

Blinding procedures related to the planned IAs are described in Section 9.7. Blinding to 
treatment will be maintained at all investigational sites. Analyses or summaries generated by 
randomized treatment assignment or actual treatment received at the planned IAs will be 
provided by the external unblinded statistician to the DMC.

Extension Study in China (if applicable)

For all participants in China, including participants randomized in the global portion and the 
extension portion, participant level treatment information will be blinded to the 
statistician(s)/programmer(s) responsible for the China extension portion analysis until the 
extension portion database lock is achieved. The extent to which individuals are unblinded to 
the results will be limited. Blinded and unblinded individuals will be clearly documented.

9.3 Hypotheses/Estimation

Objectives and hypotheses of the study are stated in Section 3.

9.4 Analysis Endpoints

9.4.1 Efficacy Endpoints

Primary

 Overall Survival (OS)

OS is defined as the time from randomization to death due to any cause.

Secondary

 Progression-free survival (PFS)

PFS is defined as the time from randomization to the first documented PD per RECIST 
1.1 by BICR, or death due to any cause, whichever occurs first. 
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 Objective Response Rate (ORR)

The ORR is defined as the percentage of participants who achieve a confirmed CR or PR 
per RECIST 1.1 as assessed by BICR.

 Duration of Response (DOR)

For participants who demonstrate confirmed CR or PR per RECIST 1.1 as assessed by 
BICR, duration of response is defined as the time from the first documented evidence of 
CR or PR until disease progression or death due to any cause, whichever occurs first.

9.4.2 Safety Endpoints

Safety and tolerability will be assessed by clinical review of all relevant parameters including 
AEs, SAEs, fatal AEs, laboratory tests, and vital signs. Furthermore, specific events will be 
collected and designated as ECIs, as described in Section 8.4.7.

9.4.3 Patient-Reported Outcome Endpoints

The following exploratory PRO endpoints will be evaluated, as described in Section 3:

 Change in patient-reported outcomes from baseline in EORTC QLQ-C30 and 
EORTC QLQ- BIL21 global health status/QOL score

 Time to deterioration (TTD) in EORTC QLQ-C30 and EORTC QLQ-BIL21 global 
health status/QOL score

TTD is defined as the time from baseline to the first onset of PRO deterioration. PRO 
deterioration is defined as a PRO score decrease of 10 points or more (out of 100), with 
subsequent confirmation [Osoba, D., et al 1998]. Details will be provided in the sSAP.

9.5 Analysis Populations

Extension Portion of the Study in China (if applicable)

After the sample size required for the global portion is reached, the study may continue to 
randomize participants in China alone until the sample size for China participants reaches the 
target number of participants. The China participants randomized after the enrollment of the 
global portion is closed will not be included in the global portion primary analysis 
population. The ITT participants in China, including all participants in China randomized in 
the global portion and the extension portion, will be analyzed for China-specific analysis.

9.5.1 Efficacy Analysis Populations

The analyses of efficacy endpoints other than DOR are based on the intention to treat (ITT) 
population. All randomized participants will be included in this population. Participants will 
be analyzed in the treatment group to which they are randomized. The DOR analysis will be 
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based on the population of responders (participants that achieved complete or partial 
response). The reasons for exclusion from the ITT population (if any) will be summarized.

9.5.2 Safety Analysis Populations

Safety Analyses will be conducted in the All Participants as Treated (APaT) population, 
which consists of all randomized participants who received at least 1 dose of study 
intervention. Participants will be included in the treatment group corresponding to the study 
intervention they actually received for the analysis of safety data using the APaT population. 
This will be the treatment group to which they are randomized except for participants who 
take incorrect study intervention for the entire intervention period; such participants will be 
included in the treatment group corresponding to the study intervention actually received.
Any participant who receives the incorrect study medication for 1 cycle, but receives the 
correct study intervention for all other cycles, will be analyzed according to the correct 
treatment group, and a narrative will be provided for any events that occur during the cycle 
for which the participant is incorrectly dosed.

At least 1 laboratory or vital sign measurement obtained after at least 1 dose of study 
intervention is required for inclusion in the analysis of each specific parameter. To assess 
change from baseline, a baseline measurement is also required.

9.5.3 PRO Analysis Populations

The analyses of PRO endpoints will be based on a quality of life-related full analysis set 
(FAS) population following ICH E9 guidelines. This population consists of all randomized 
participants who have received at least 1 dose of study intervention and have completed at 
least 1 PRO assessment for the specific endpoint. Participants will be analyzed in the 
treatment group to which they are randomized.

9.6 Statistical Methods

9.6.1 Statistical Methods for Efficacy Analyses

This section describes the statistical methods that address the primary and secondary efficacy 
objectives. Methods related to exploratory objectives will be described in the sSAP. Efficacy 
results that will be deemed to be statistically significant after consideration of the Type I 
error control strategy are described in Section 9.8. Nominal p-values will be computed for 
other efficacy analyses but should be interpreted with caution due to potential issues of 
multiplicity. The 3 stratification factors used for randomization; geographic region (Region 
1: Asia versus Region 2: Non-Asia), locally advanced versus metastatic, and site of origin 
(gallbladder/intrahepatic/extrahepatic) will be applied to all stratified efficacy analyses (in 
particular, the stratified log-rank test, stratified Cox model, and stratified Miettinen and 
Nurminen method [Miettinen, O. and Nurminen, M. 1985]). The analysis stratification will 
be based on the value of the randomization factor entered into the IVRS. If required, some of 
the small strata among the 12 strata formed by the 3 factors might be pooled for analyses; the 
pooling strategy will be documented in the sSAP prior to the database lock for the first 
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interim analysis. Decisions regarding the pooling will be based on a blinded review of 
response and event counts by stratum.

The efficacy analyses for ORR, DOR and PFS will include responses and documented 
progression events that occur before the Second Course treatment.

9.6.1.1 Overall Survival

The nonparametric Kaplan-Meier method will be used to estimate the survival curves. The 
hypotheses of treatment difference in survival will be tested by the stratified log-rank test. A 
stratified Cox proportional hazard model with Efron’s method of tie handling will be used to 
estimate the magnitude of the treatment difference (ie, the HR). The HR and its 95% CI from 
the stratified Cox model with a single treatment covariate will be reported. With a piecewise
constant HR (as is the case with the delayed effect working model), the HR estimate from the 
Cox model is approximately equal on the log scale to the average of the HRs in each period 
weighted proportionally to the number of events in the period. The stratification factors used 
for randomization (Section 6.3.2) will be applied to both the stratified log-rank test and the 
stratified Cox model. Participants without documented death at the time of analysis will be 
censored at the date of last known contact.

9.6.1.2 Progression-free Survival

The nonparametric Kaplan-Meier method will be used to estimate the PFS curve in each 
treatment arm. The hypotheses of treatment difference in PFS will be tested by the stratified 
log-rank test. A stratified Cox proportional hazard model with Efron’s method of tie handling 
will be used to estimate the magnitude of the treatment effect (ie, HR). The HR and its 95% 
CI from the stratified Cox model with a single treatment covariate will be reported. The 
stratification factors used for randomization (Section 6.3.2) will be applied to both the 
stratified log-rank test and the stratified Cox model.

Since disease progression is assessed periodically, progressive disease (PD) can occur any 
time in the time interval between the last assessment where PD was not documented and the 
assessment when PD is documented. The true date of disease progression will be 
approximated by the earlier of the date of the first assessment at which PD is objectively 
documented per RECIST 1.1 by BICR and the date of death. Additional analyses will be 
performed for comparison of PFS based on investigator’s assessment.

For the primary analysis, any participant who experiences an event (PD or death) 
immediately after 2 or more missed disease assessments will be censored at the last disease 
assessment prior to the missed visits. In addition, any participant who initiates new 
anticancer therapy prior to documented progression will be censored at the last disease 
assessment prior to the initiation of new anticancer therapy. Participants who do not start new 
anticancer therapy and who do not experience an event will be censored at the last disease 
assessment. If a participant meets multiple criteria for censoring, the censoring criterion that 
occurs earliest will be applied.
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In order to evaluate the robustness of the PFS endpoint per RECIST 1.1 by BICR, 
2 sensitivity analyses with different sets of censoring rules will be performed. The first 
sensitivity analysis follows the intention to treat principle. That is, PDs/deaths are counted as 
events regardless of missed study visits or initiation of new anticancer therapy. The second 
sensitivity analysis considers discontinuation of study intervention due to reasons other than 
complete response or initiation of new anticancer treatment, whichever occurs later, to be a 
PD event for participants without documented PD or death. If a participant meets multiple 
criteria for censoring, the censoring criterion that occurs earliest will be applied. The 
censoring rules for the primary and sensitivity analyses are summarized in Table 10.

Table 10 Censoring Rules for Primary and Sensitivity Analyses of PFS

Situation Primary Analysis Sensitivity Analysis 1 Sensitivity Analysis 2

PD or death documented 
after ≤1 missed disease 
assessment, and before 
new anticancer therapy, 
if any

Progressed at date of 
documented PD or death 

Progressed at date of 
documented PD or 
death

Progressed at date of 
documented PD or death

Death or progression 
immediately after 
≥2 consecutive missed 
disease assessments, or 
after new anticancer
therapy

Censored at last disease 
assessment prior to 
the earlier date of ≥2 
consecutive missed 
disease assessment and 
new anticancer therapy, 
if any

Progressed at date of 
documented PD or 
death

Progressed at date of 
documented PD or death

No PD and no death; and 
new anticancer treatment 
is not initiated

Censored at last disease 
assessment 

Censored at last 
disease assessment 

Progressed at treatment 
discontinuation due to 
reasons other than 
complete response; 
otherwise censored at last 
disease assessment if still 
on study treatment or 
completed study treatment.

No PD and no death; 
new anticancer treatment 
is initiated

Censored at last disease 
assessment before new 
anticancer treatment 

Censored at last 
disease assessment

Progressed at date of new 
anticancer treatment

Abbreviations: PD=progressive disease; PFS=progression-free survival.

9.6.1.3 Objective Response Rate

The Stratified Miettinen and Nurminen method [Miettinen, O. and Nurminen, M. 1985] with 
weights proportional to the stratum size will be used for comparison of the ORRs between 
the treatment arms. The same stratification factors used for randomization (Section 6.3.2) 
will be used as stratification factors in the analysis. A 95% CI for the difference in response 
rates between the treatment arms will be provided. Additional supportive unstratified 
analyses may also be provided. An additional analysis will be performed for the comparison 
of ORR based on the investigator’s assessment.
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The point estimate of ORR will be provided by treatment group, together with a 95% CI 
using the exact binomial method proposed by Clopper and Pearson (1934) [Clopper, C. J. 
1934].

9.6.1.4 Duration of Response

If sample size permits, DOR will be summarized descriptively using Kaplan-Meier medians 
and quartiles. Only the subset of participants who show a confirmed CR or PR will be 
included in this analysis.

Censoring rules for DOR are summarized in Table 11. For the DOR analysis, a 
corresponding summary of the reasons responding participants are censored will also be 
provided. Responding participants who are alive, have not progressed, have not initiated new 
anticancer treatment, have not been determined to be lost to follow-up, and have had a 
disease assessment within ~5 months of the data cutoff date are considered ongoing 
responders at the time of analysis. If a participant meets multiple criteria for censoring, the 
censoring criterion that occurs earliest will be applied.

Table 11 Censoring Rules for DOR

Situation Date of Progression or Censoring Outcome

No progression nor death, no new 
anticancer therapy initiated

Last adequate disease assessment Censor

(non-event)

No progression nor death, new 
anticancer therapy initiated

Last adequate disease assessment 
before new anticancer therapy initiated

Censor

(non-event)

Death or progression immediately after 
≥2 consecutive missed disease 
assessments or after new anticancer
therapy, if any

Earlier date of last adequate disease 
assessment prior to ≥2 missed adequate 
disease assessments and new anticancer
therapy, if any

Censor

(non-event)

Death or progression after ≤1 missed 
disease assessments and before new 
anticancer therapy, if any

PD or death End of response

(Event)

A missed disease assessment includes any assessment that is not obtained or is considered inadequate for 
evaluation of response.

Abbreviations: DOR=duration of response; PD=progressive disease.

9.6.1.5 Analysis Strategy for Key Efficacy Endpoints

A summary of the primary analysis strategy for the key efficacy endpoints is provided in
Table 12.
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Table 12 Analysis Strategy for Key Efficacy Endpoints

Endpoint/Variable Statistical Method
Analysis 

Population

Missing 
Data

Approach

Primary Analyses

OS Testing: Stratified Log-rank test 
Estimation: Stratified Cox model with 
Efron’s tie handling method

ITT Censored at last 
known alive date
or data cutoff date, 
whichever is the 
earliest

Key Secondary Analyses

PFS per RECIST 1.1 by BICR Testing: Stratified Log-rank test 
Estimation: Stratified Cox model with 
Efron’s tie handling method

ITT Censored 
according to 
rules in Table 10

ORR per RECIST 1.1 by 
BICR

Testing and estimation:
stratified Miettinen and Nurminen method
[Miettinen, O. and Nurminen, M. 1985]

ITT Participants with 
missing response 
data are 
considered non-
responders.

Abbreviations: BICR=blinded independent central review; ITT=intention to treat; ORR=objective 
response rate; OS=overall survival; PFS=progression-free survival; RECIST 1.1=Response Evaluation 
Criteria in Solid Tumors 1.1.

The strategy to address multiplicity issues with regard to multiple endpoints and interim 
analyses is described in Section 9.7 – Interim Analyses and Section 9.8 – Multiplicity.

9.6.2 Statistical Methods for Safety Analyses

The primary safety analyses will include only events that occur before the Second Course 
Treatment. Safety and tolerability will be assessed by clinical review of all relevant 
parameters, including AEs and laboratory tests.

The analysis of safety results will follow a tiered approach (Table 13). The tiers differ with 
respect to the analyses that will be performed. Adverse events (specific terms as well as 
system organ class terms) are either prespecified as “Tier 1” endpoints, or will be classified 
as belonging to “Tier 2” or “Tier 3” based on the number of events observed.

Tier 1 Events

AEs that are immune mediated or potentially immune mediated are well documented and 
will be evaluated separately; however, these events have been characterized consistently 
throughout the pembrolizumab clinical development program and determination of statistical 
significance is not expected to add value to the safety evaluation. Similarly, the combination 
of pembrolizumab and gemcitabine/cisplatin has not been associated with any new safety 
signals. Therefore, there are no Tier 1 events defined for this study.
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Tier 2 Events

Tier 2 parameters will be assessed via point estimates with 95% CIs provided for differences 
in the proportion of participants with events using the Miettinen and Nurminen (M&N) 
method [Miettinen, O. and Nurminen, M. 1985], an unconditional, asymptotic method.

Membership in Tier 2 requires that at least 10% of participants in any treatment group exhibit 
the event; all other adverse experiences will belong to Tier 3. The threshold of at least 10% 
of participants was chosen for Tier 2 event because the population enrolled in this study are 
in critical conditions and usually experience various AEs of similar types regardless of 
treatment; events reported less frequently than 10% of participants would obscure the 
assessment of overall safety profile and add little to the interpretation of potentially 
meaningful treatment differences. In addition, Grade 3 to 5 AE (≥5% of participants in one of 
the treatment groups) and SAE (≥5% of participants in one of the treatment groups) will be 
considered Tier 2 endpoints. Because many 95% CIs may be provided without adjustment for 
multiplicity, the CIs should be regarded as a helpful descriptive measure to be used in safety 
review, not a formal method for assessing the statistical significance of the between-group 
differences.

Tier 3 Events

Safety endpoints that are not Tier 1 or 2 events are considered Tier 3 events. Only point 
estimates by treatment group are provided for Tier 3 safety parameters.

Continuous Safety Measures

Continuous measures such as changes from baseline in laboratory parameters that are not 
prespecified as Tier 1 endpoints will be considered Tier 3 safety parameters. Summary 
statistics for baseline, on treatment, and change from baseline values will be provided by 
treatment group in table format.

Table 13 Analysis Strategy for Safety Parameters

Safety 
Tier

Safety Endpoint
95% CI for 
Treatment 

Comparison

Descriptive 
Statistics

Tier 2

Any AEs (≥10% of participants in one of the 
treatment groups)

X
X

Any Grade 3 to 5 AE (≥5% of participants in one 
of the treatment groups)

X
X

Any serious AE (≥5% of participants in one of the 
treatment groups)

X
X

Tier 3 Any AEs X

Discontinuation due to AE X

Change from baseline results (laboratory test 
toxicity grade)

X

Abbreviations: AE=adverse event; CI=confidence interval; X=results will be provided.
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9.6.3 Statistical Methods for Patient-reported Outcome Analyses

To evaluate the treatment effect on the health-related QOL outcomes at prespecified time 
points (provided in the sSAP), a constrained longitudinal data analysis (cLDA) model will be 
applied, with the PRO score as the response variable, and the treatment by time interaction 
and stratification factors as covariates. Least square mean (LS mean) change from baseline 
will be summarized. Groupwise comparisons will be performed and model-based LS mean 
score will be provided by treatment group and study visit.

Participants postbaseline EORTC QLQ-C30 scores will be classified as “improvement,” 
“stable,” or “deterioration” according to a predefined threshold (eg, 10-point or greater 
change from baseline). The number and proportion of participants with “improved,” “stable,” 
or “deteriorated” symptoms/scales will be summarized by treatment group.

Time to deterioration is defined as the time from the baseline PRO assessment to 
deterioration or death, whichever occurs first [Yang, J. C., et al 2013]. The Kaplan-Meier 
method will be used to estimate times to deterioration survival curve for each treatment arm.
Stratification factors used for allocation will be used in the stratified Cox proportional 
hazards models. The HR, 95% CI, and nominal p-value will be reported.

Details of PRO analyses will be described in the sSAP.

9.6.4 Statistical Methods for Pharmacokinetics (PK) Analyses

Plasma concentration versus time data will be pooled with data from existing studies and will 
be analyzed using a population PK approach to estimate population PK parameters. The 
detailed methods will be included in a separate analysis plan prior to the planned first interim 
efficacy analysis.

9.6.5 Summaries of Baseline Characteristics and Demographics

The comparability of the treatment groups for each relevant characteristic will be assessed by 
the use of tables and/or graphs. No statistical hypothesis tests will be performed on these 
characteristics. The number and percentage of participants randomized and the primary 
reason for discontinuation will be displayed. Demographic variables (such as age), baseline 
characteristics, primary and secondary diagnoses, and prior and concomitant therapies will be 
summarized by treatment either by descriptive statistics or categorical tables.

9.7 Interim Analyses

9.7.1 Efficacy Interim Analyses

The eDMC will serve as the primary reviewer of the unblinded results of the efficacy and 
safety analyses and will make recommendations for discontinuation of the study or 
modification to an EOC (refer to Section 10.1.4.2) of the Sponsor. Depending on the 
recommendation of the eDMC, the Sponsor may prepare a regulatory submission. If the 
eDMC recommends modifications to the design of the protocol or discontinuation of the 
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study, the EOC and limited additional Sponsor personnel may be unblinded to results at the 
treatment level in order to act on these recommendations. Additional logistical details will be 
provided in the eDMC Charter.

Two interim analyses are planned in addition to the final analysis for this study. Results of 
the interim analyses will be reviewed by the eDMC. Details on the boundaries for 
establishing statistical significance with regard to efficacy are discussed further in Section 
9.8.

The analyses planned, endpoints evaluated, and drivers of timing are summarized in 
Table 14.

Table 14 Summary of Interim and Final Analyses Strategy

Analyses Key Endpoints Timing Primary Purpose of Analysis

IA1 OS ~585 OS events have been 
observed and ~26 months passed 
since the start of randomization.

 Interim OS analysis

 Final PFS and ORR analyses 
if OS superiority is established

IA2 OS ~695 OS events have been 
observed and ~32 months passed 
since the start of randomization.

 Interim OS analysis

FA OS ~818 OS events have been 
observed and ~38 months passed 
since the start of randomization.

 Final OS analysis

Abbreviations: FA=final analysis; IA1=interim analysis 1; IA2=interim analysis 2; OS=overall survival.

9.7.2 Safety Interim Analyses

The eDMC will conduct regular safety monitoring. The timing of the safety monitoring will 
be specified in the eDMC charter.

9.8 Multiplicity

The study uses the graphical method of Maurer and Bretz [Maurer, W., et al 2011] to control 
multiplicity for multiple hypotheses as well as interim analyses. According to this approach, 
study hypotheses may be tested more than once, and when a particular null hypothesis is 
rejected, the alpha allocated to that hypothesis can be reallocated to other hypotheses.
Figure 3 shows the initial one-sided α allocation for each hypothesis in the ellipse
representing the hypothesis. The weights for reallocation from each hypothesis to the others 
are represented in the boxes on the lines connecting hypotheses.

The initial α assigned to OS will be 0.025. If OS hypothesis is rejected, the corresponding 
alpha will be reallocated equally to PFS and ORR. If the PFS hypothesis is rejected, the 
corresponding alpha will be reallocated to ORR. If the ORR hypothesis is rejected, the 
corresponding alpha will be reallocated to PFS.
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Within each endpoint, the Type I error control across the interim and final analyses will be 
maintained by the use of the Lan-DeMets spending function approach with O’Brien-Fleming 
boundaries.

Figure 3 Multiplicity Diagram for Type I Error Control

Abbreviations: ORR=objective response rate; OS=overall survival; PFS=progression-free survival

9.8.1 Overall Survival

The initial α-level for testing OS is 0.025. Under the alternative hypothesis, the treatment 
effect will be delayed by 2 months, with OS HR=1 in the first 2 months, and HR=0.75 after 2 
months.CCI

CCI
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 At the time of an analysis, the 
observed number of events may differ substantially from the expected. To avoid 
overspending at an interim analysis and leave reasonable alpha for the FA, the minimum 
alpha spending strategy will be adopted. At an IA, the information fraction used in Lan-
DeMets spending function to determine the alpha spending at the IA will be based on the 
minimum of the expected information fraction and the actual information fraction at each 
analysis. Specifically,

 In the scenario that the events accrue slower than expected and the observed number of 
events is less than the expected number of events at a given analysis, the information 
fraction will be calculated as the observed number of events at the IA over the target 
number of events at FA.

 In the scenario that the events accrue faster than expected and the observed number of 
events exceeds the expected number of events at a given analysis, then the information 

CCI

CCI

CCI
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fraction will be calculated as the expected number of events at the IA over the target 
number of events at FA.

The FA will use the remaining Type I error that has not been spent at the earlier analyses. 
The event counts for all analyses will be used to compute the correlations.

Of note, while the information fraction used for alpha spending calculation will be the 
minimum of the actual information fraction and the expected information fraction, the 
correlations required for deriving the bounds will still be computed using the actual 
information fraction based on the observed number of events at each analysis over the target 
number of events at the FA.

The minimum spending approach assumes timing is not based on any observed Z-value and 
thus the Z test statistics used for testing conditioned on timing are multivariate normal. Given 
the probabilities derived with the proposed spending method, the correlations based on actual 
event counts are used to compute bounds that control the Type I error at the specified alpha 
level for a given hypothesis conditioned on the IA timing. Since this is true regardless of 
what is conditioned on, the overall Type I error for a given hypothesis unconditionally is 
controlled at the specified level. By using more conservative spending early in the study, 
power can be retained to detect situations where the treatment effect may be delayed.

9.8.2 Progression-free Survival

The PFS hypothesis is not allocated any α initially and can only be tested when the OS is 
successful. The study will test PFS at IA1 (final PFS analysis). The p-value based on PFS 
data observed at IA1 will be calculated and compared to its corresponding p-value bound 
when OS demonstrates superiority and α for PFS test becomes available (which might 
happen at OS IA1, IA2 or FA). A descriptive analysis of PFS may also be provided at the
IA2 or FA data cutoff when superiority in OS is demonstrated.

Following the multiplicity strategy as outlined in Figure 3, the PFS hypothesis may be tested 
at α=0.0125 (if the OS null hypothesis is rejected), or at α=0.025 (if both the OS and ORR 
null hypotheses are rejected). Under the alternative, the treatment effect will be delayed by 2 
months, with PFS HR=1 in the first 2 months, and HR=0.7 after 2 months. Table 16 shows 
the boundary properties and power for each of these α levels for the PFS analysis.
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Table 16 Efficacy Boundaries and Properties for Progression-free Survival Analyses

Analysis Value α = 0.0125 α = 0.025

IA1 (Final PFS analysis) Z 2.2414 1.9600

N: 1069 p (1-sided)a 0.0125 0.0250

Events: 786 HR at boundb 0.8554 0.8695

Month: ~26 P(Cross) if HR = 1c 0.0125 0.0250

P(Cross) under the alternative hypothesisd,e 0.9176 0.9518

Abbreviations: HR=hazard ratio; IA1=interim analysis 1; PFS=progression-free survival.

The number of events is estimated.
a The nominal α for testing.
b The approximate HR required to reach an efficacy bound.
c P(Cross if HR = 1) is the probability of crossing a bound under the null hypothesis.
d The alternative hypothesis is HR=1 for the first 2 months and HR=0.7 after 2 months.
e P(Cross) under the alternative hypothesis is the probability of crossing a bound under the alternative 
hypothesis.

9.8.3 Objective Response

The ORR hypothesis is not allocated any α initially and can only be tested when the OS is 
successful. The study will test ORR at IA1 (final ORR analysis). The p-value based on ORR 
data observed at IA1 will be calculated and compared to its corresponding p-value bound 
when OS demonstrates superiority and α for ORR test becomes available (which might 
happen at OS IA1, IA2 or FA). A descriptive analysis of ORR may also be provided at the 
IA2 or FA data cutoff when superiority in OS is demonstrated.

Table 17 shows the boundary properties for 2 possible 1-sided α-levels as well as the 
approximate treatment difference required to reach the boundary (ORR difference) which 
were derived using a Lan-DeMets O’Brien-Fleming spending function. Note that the final 
row indicates the total power to reject the null hypothesis for ORR.
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Table 17 Efficacy Boundaries and Properties for Objective Response Analyses

Analysis Value α level=0.0125 α level=0.025

IA1

N: 1069

Z 2.2414 1.9600

p (1-sided) a 0.0125 0.0250

delta at bound b 0.0627 0.0548

P(Cross) if delta=0 c 0.0125 0.0250

P(Cross) if delta=0.1d 0.9088 0.9470

Abbreviations: IA1=interim analysis 1; ORR=objective response rate.
a The nominal α for testing.
b Delta at bound is the approximate delta required to reach an efficacy bound.
c P(Cross if delta=0) is the probability of crossing a bound under the null hypothesis, with an 
underlying ORR of 25% in both treatment groups.
d P(Cross if delta=0.1) is the probability of crossing a bound under the alternative hypothesis.

9.8.4 Safety Analyses

The DMC has responsibility for assessment of overall risk/benefit. When prompted by safety 
concerns, the DMC can request corresponding efficacy data. DMC review of efficacy data to 
assess the overall risk/benefit to study participants will not require a multiplicity adjustment 
typically associated with a planned efficacy interim analysis. However, to account for any 
multiplicity concerns raised by the DMC review of unplanned efficacy data prompted by 
safety concerns, a sensitivity analysis for OR, PFS, and OS adopting a conservative 
multiplicity adjustment will be prespecified in the sSAP.

9.9 Sample Size and Power Calculations

The study enrollment has been completed with 1069 participants randomized in a 1:1 ratio 
into the pembrolizumab plus gemcitabine/cisplatin or placebo plus gemcitabine/cisplatin
arms. OS is the sole primary endpoint for the study, with PFS and ORR as the key secondary 
endpoints.

CCI
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9.10 Subgroup Analyses

To determine whether the treatment effect is consistent across various subgroups, the 
between-group treatment effect for OS, PFS, and ORR (with a nominal 95% CI) will be 
estimated and plotted by treatment group within each category of the following classification 
variables:

 Geographic region (Region 1: Asia versus Region 2: Non-Asia)

 Locally advanced versus metastatic

 Site of origin (gallbladder/intrahepatic/extrahepatic)

 Age category (<65, ≥65 years)

 Gender (female, male)

 Biliary stent and or a biliary drain (yes, no)

 Antibiotics within 1 month of study start (yes, no)

 Prior therapy (radiation, chemotherapy, PDT)

 Smoking status (never, former, current)

 Microsatellite instability-high (MSI-H) (yes, no, indeterminate)

 PD-L1 expression (CPS ≥1 versus <1)

 PD-L1 expression (CPS≥10 versus <10)

 ECOG performance status at randomization (0 vs. 1)

The consistency of the treatment effect will be assessed using descriptive statistics for each 
category of the subgroup variables listed above. If the number of participants in a category of 
a subgroup variable is less than 5% of the ITT population, the subgroup analysis will not be 
performed for this category of the subgroup variable, and this subgroup variable will not be 
displayed in the forest plot. The subgroup analyses for PFS and OS will be conducted using 

CCI
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an unstratified Cox model, and the subgroup analyses for ORR will be conducted using the
unstratified Miettinen and Nurminen method.

9.11 Compliance (Medication Adherence)

Drug accountability data for study intervention will be collected during the study. Any 
deviation from protocol-directed administration will be reported.

9.12 Extent of Exposure

Extent of exposure for a participant is defined as number of cycles in which the participant 
receives the study intervention. Summary statistics will be provided on extent of exposure for 
the APaT population.
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10 SUPPORTING DOCUMENTATION AND OPERATIONAL 
CONSIDERATIONS

10.1 Appendix 1: Regulatory, Ethical, and Study Oversight Considerations

10.1.1 Code of Conduct for Clinical Trials

Merck Sharp & Dohme LLC, Rahway, NJ, USA (MSD)

Code of Conduct for Interventional Clinical Trials

I. Introduction

A. Purpose

MSD, through its subsidiaries, conducts clinical trials worldwide to evaluate the safety and effectiveness of our 
products. As such, we are committed to designing, implementing, conducting, analyzing, and reporting these trials 
in compliance with the highest ethical and scientific standards. Protection of participants in clinical trials is the 
overriding concern in the design and conduct of clinical trials. In all cases, MSD clinical trials will be conducted 
in compliance with local and/or national regulations, and International Council for Harmonisation Good Clinical 
Practice (ICH-GCP), and also in accordance with the ethical principles that have their origin in the Declaration of 
Helsinki.

B. Scope

Highest ethical and scientific standards shall be endorsed for all clinical interventional investigations sponsored by 
MSD irrespective of the party (parties) employed for their execution (e.g., contract research organizations, 
collaborative research efforts). This Code is not intended to apply to trials that are observational in nature, or 
which are retrospective. Further, this Code does not apply to investigator-initiated trials, which are not under the 
full control of MSD.

II. Scientific Issues

A. Trial Conduct

1. Trial Design

Except for pilot or estimation trials, clinical trial protocols will be hypothesis-driven to assess safety, efficacy 
and/or pharmacokinetic or pharmacodynamic indices of MSD or comparator products. Alternatively, MSD
may conduct outcomes research trials, trials to assess or validate various endpoint measures, or trials to 
determine patient preferences, etc.

The design (i.e., participant population, duration, statistical power) must be adequate to address the specific
purpose of the trial. Participants must meet protocol entry criteria to be enrolled in the trial. 

2. Site Selection

MSD selects investigative sites based on medical expertise, access to appropriate participants, adequacy of 
facilities and staff, previous performance in clinical trials, as well as budgetary considerations. Prior to trial 
initiation, sites are evaluated by MSD personnel (or individuals acting on behalf of MSD) to assess the ability 
to successfully conduct the trial.

3. Site Monitoring/Scientific Integrity

Investigative trial sites are monitored to assess compliance with the trial protocol and Good Clinical Practice
(GCP). MSD reviews clinical data for accuracy, completeness, and consistency. Data are verified versus 
source documentation according to standard operating procedures. Per MSD policies and procedures, if fraud, 
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scientific/research misconduct or serious GCP-non-compliance is suspected, the issues are investigated. 
When necessary, the clinical site will be closed, the responsible regulatory authorities and ethics review 
committees notified.

B. Publication and Authorship

Regardless of trial outcome, MSD commits to publish the primary and secondary results of its registered trials of 
marketed products in which treatment is assigned, according to the pre-specified plans for data analysis. To the 
extent scientifically appropriate, MSD seeks to publish the results of other analyses it conducts that are important 
to patients, physicians, and payers. Some early phase or pilot trials are intended to be hypothesis-generating rather 
than hypothesis testing; in such cases, publication of results may not be appropriate since the trial may be 
underpowered and the analyses complicated by statistical issues such as multiplicity.

MSD’s policy on authorship is consistent with the recommendations published by the International Committee of 
Medical Journal Editors (ICMJE). In summary, authorship should reflect significant contribution to the design and 
conduct of the trial, performance or interpretation of the analysis, and/or writing of the manuscript. All named 
authors must be able to defend the trial results and conclusions. MSD funding of a trial will be acknowledged in 
publications.

III. Participant Protection

A. Regulatory Authority and Ethics Committee Review (Institutional Review Board [IRB]/Independent Ethics 
Committee [IEC])

All protocols and protocol amendments will be submitted by MSD for regulatory authority 
acceptance/authorization prior to implementation of the trial or amendment, in compliance with local and/or 
national regulations.

The protocol, protocol amendment(s), informed consent form, investigator’s brochure, and other relevant trial 
documents must be reviewed and approved by an IRB/IEC before being implemented at each site, in compliance 
with local and/or national regulations. Changes to the protocol that are required urgently to eliminate an 
immediate hazard and to protect participant safety may be enacted in anticipation of ethics committee approval.  
MSD will inform regulatory authorities of such new measures to protect participant safety, in compliance with 
local and/or national regulations.

B. Safety

The guiding principle in decision-making in clinical trials is that participant welfare is of primary importance. 
Potential participants will be informed of the risks and benefits of, as well as alternatives to, trial participation. At 
a minimum, trial designs will take into account the local standard of care.

All participation in MSD clinical trials is voluntary. Participants enter the trial only after informed consent is 
obtained. Participants may withdraw from an MSD trial at any time, without any influence on their access to, or 
receipt of, medical care that may otherwise be available to them.

C. Confidentiality

MSD is committed to safeguarding participant confidentiality, to the greatest extent possible. Unless required by 
law, only the investigator, Sponsor (or individuals acting on behalf of MSD), ethics committee, and/or regulatory 
authorities will have access to confidential medical records that might identify the participant by name.

D. Genomic Research

Genomic research will only be conducted in accordance with a protocol and informed consent authorized by an 
ethics committee.
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IV. Financial Considerations

A. Payments to Investigators

Clinical trials are time- and labor-intensive. It is MSD’s policy to compensate investigators (or the sponsoring 
institution) in a fair manner for the work performed in support of MSD trials. MSD does not pay incentives to 
enroll participants in its trials. However, when enrollment is particularly challenging, additional payments may be 
made to compensate for the time spent in extra recruiting efforts.

MSD does not pay for participant referrals. However, MSD may compensate referring physicians for time spent 
on chart review and medical evaluation to identify potentially eligible participants.

B. Clinical Research Funding

Informed consent forms will disclose that the trial is sponsored by MSD, and that the investigator or sponsoring 
institution is being paid or provided a grant for performing the trial. However, the local ethics committee may 
wish to alter the wording of the disclosure statement to be consistent with financial practices at that institution. As 
noted above, all publications resulting from MSD trials will indicate MSD as a source of funding.

C. Funding for Travel and Other Requests

Funding of travel by investigators and support staff (e.g., to scientific meetings, investigator meetings, etc.) will be 
consistent with local guidelines and practices.

V. Investigator Commitment

Investigators will be expected to review MSD’s Code of Conduct as an appendix to the trial protocol, and in signing the 
protocol, agree to support these ethical and scientific standards.

10.1.2 Financial Disclosure

Financial Disclosure requirements are outlined in the US Food and Drug Administration 
Regulations, Financial Disclosure by Clinical Investigators (21 CFR Part 54). It is the 
Sponsor's responsibility to determine, based on these regulations, whether a request for 
Financial Disclosure information is required. It is the investigator's/subinvestigator's 
responsibility to comply with any such request.

The investigator/subinvestigator(s) agree, if requested by the Sponsor in accordance with 21 
CFR Part 54, to provide his/her financial interests in and/or arrangements with the Sponsor to 
allow for the submission of complete and accurate certification and disclosure statements. 
The investigator/subinvestigator(s) further agree to provide this information on a 
Certification/Disclosure Form, commonly known as a financial disclosure form, provided by 
the Sponsor. The investigator/subinvestigator(s) also consent to the transmission of this 
information to the Sponsor in the United States for these purposes. This may involve the 
transmission of information to countries that do not have laws protecting personal data.

10.1.3 Data Protection

Participants will be assigned a unique identifier by the Sponsor. Any participant records or 
datasets that are transferred to the Sponsor will contain the identifier only; participant names 
or any information that would make the participant identifiable will not be transferred.
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The participant must be informed that his/her personal study-related data will be used by the 
Sponsor in accordance with local data protection law. The level of disclosure must also be 
explained to the participant. 

The participant must be informed that his/her medical records may be examined by Clinical 
Quality Assurance auditors or other authorized personnel appointed by the Sponsor, by 
appropriate IRB/IEC members, and by inspectors from regulatory authorities.

10.1.3.1 Confidentiality of Data

By signing this protocol, the investigator affirms to the Sponsor that information furnished to 
the investigator by the Sponsor will be maintained in confidence, and such information will 
be divulged to the IRB, IEC, or similar or expert committee; affiliated institution and 
employees, only under an appropriate understanding of confidentiality with such board or 
committee, affiliated institution and employees. Data generated by this study will be 
considered confidential by the investigator, except to the extent that it is included in a 
publication as provided in the Publications section of this protocol.

10.1.3.2 Confidentiality of Participant Records

By signing this protocol, the investigator agrees that the Sponsor (or Sponsor representative), 
IRB/IEC, or regulatory authority representatives may consult and/or copy study documents to 
verify worksheet/CRF data. By signing the consent form, the participant agrees to this 
process. If study documents will be photocopied during the process of verifying 
worksheet/CRF information, the participant will be identified by unique code only; full 
names/initials will be masked prior to transmission to the Sponsor.

By signing this protocol, the investigator agrees to treat all participant data used and 
disclosed in connection with this study in accordance with all applicable privacy laws, rules 
and regulations.

10.1.3.3 Confidentiality of IRB/IEC Information

The Sponsor is required to record the name and address of each IRB/IEC that reviews and 
approves this study. The Sponsor is also required to document that each IRB/IEC meets 
regulatory and ICH GCP requirements by requesting and maintaining records of the names 
and qualifications of the IRB/IEC members and to make these records available for 
regulatory agency review upon request by those agencies.

10.1.4 Committees Structure

10.1.4.1 Scientific Advisory Committee (SAC)

This study was developed in collaboration with a SAC. The SAC is comprised of both 
Sponsor and non-Sponsor scientific experts who provide input with respect to study design, 
interpretation of study results, and subsequent peer-reviewed scientific publications.
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10.1.4.2 Executive Oversight Committee

The EOC is comprised of members of Sponsor Senior Management. The EOC will receive 
and decide upon any recommendations made by the eDMC regarding the study.

10.1.4.3 External Data Monitoring Committee

To supplement the routine study monitoring outlined in this protocol, an external DMC will 
monitor the interim data from this study. The voting members of the committee are external 
to the Sponsor. The members of the DMC must not be involved with the study in any other 
way (eg, they cannot be study investigators) and must have no competing interests that could 
affect their roles with respect to the study.

The DMC will make recommendations to the EOC regarding steps to ensure both participant 
safety and the continued ethical integrity of the study. Also, the DMC will review interim 
study results, consider the overall risk and benefit to study participants (Section 9.7 – Interim 
Analysis) and recommend to the EOC whether the study should continue in accordance with 
the protocol.

Specific details regarding composition, responsibilities, and governance, including the roles 
and responsibilities of the various members and the Sponsor protocol team; meeting 
facilitation; the study governance structure; and requirements for and proper documentation 
of DMC reports, minutes, and recommendations will be described in the DMC charter that is 
reviewed and approved by all the DMC members.

10.1.5 Publication Policy

The results of this study may be published or presented at scientific meetings. The Sponsor 
will comply with the requirements for publication of study results. In accordance with 
standard editorial and ethical practice, the Sponsor will generally support publication of 
multicenter studies only in their entirety and not as individual site data. In this case, a 
coordinating investigator will be designated by mutual agreement.

If publication activity is not directed by the Sponsor, the investigator agrees to submit all 
manuscripts or abstracts to the Sponsor before submission. This allows the Sponsor to protect 
proprietary information and to provide comments.

Authorship will be determined by mutual agreement and in line with International Committee 
of Medical Journal Editors authorship requirements.

10.1.6 Compliance with Study Registration and Results Posting Requirements

Under the terms of the Food and Drug Administration Amendments Act (FDAAA) of 2007 
and the European Medicines Agency (EMA) clinical trial Directive 2001/20/EC, the Sponsor 
of the study is solely responsible for determining whether the study and its results are subject
to the requirements for submission to http://www.clinicaltrials.gov, 
www.clinicaltrialsregister.eu or other local registries. MSD, as Sponsor of this study, will 
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review this protocol and submit the information necessary to fulfill these requirements. MSD 
entries are not limited to FDAAA or the EMA clinical trial directive mandated trials. 
Information posted will allow participants to identify potentially appropriate studies for their 
disease conditions and pursue participation by calling a central contact number for further 
information on appropriate study locations and study site contact information.

By signing this protocol, the investigator acknowledges that the statutory obligations under 
FDAAA, the EMA clinical trials directive, or other locally mandated registries are that of the 
Sponsor and agrees not to submit any information about this study or its results to those 
registries.

10.1.7 Compliance with Law, Audit, and Debarment

By signing this protocol, the investigator agrees to conduct the study in an efficient and 
diligent manner and in conformance with this protocol; generally accepted standards of GCP
(eg, International Conference on Harmonization of Technical Requirements for Registration 
of Pharmaceuticals for Human Use GCP: Consolidated Guideline and other generally 
accepted standards of GCP); and all applicable federal, state and local laws, rules and 
regulations relating to the conduct of the clinical study.

The Code of Conduct, a collection of goals and considerations that govern the ethical and 
scientific conduct of clinical investigations sponsored by MSD, is provided in this appendix 
under the Code of Conduct for Clinical Studies.

The investigator agrees not to seek reimbursement from participants, their insurance 
providers, or from government programs for procedures included as part of the study 
reimbursed to the investigator by the Sponsor.

The investigator will promptly inform the Sponsor of any regulatory authority inspection 
conducted for this study.

The investigator agrees to provide the Sponsor with relevant information from inspection 
observations/findings to allow the Sponsor to assist in responding to any citations resulting 
from regulatory authority inspection and will provide the Sponsor with a copy of the 
proposed response for consultation before submission to the regulatory authority. 

Persons debarred from conducting or working on clinical studies by any court or regulatory 
authority will not be allowed to conduct or work on this Sponsor’s studies. The investigator 
will immediately disclose in writing to the Sponsor if any person who is involved in 
conducting the study is debarred or if any proceeding for debarment is pending or, to the best 
of the investigator’s knowledge, threatened.
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10.1.8 Data Quality Assurance

All participant data relating to the study will be recorded on printed or electronic CRF unless 
transmitted to the Sponsor or designee electronically (eg, laboratory data). The investigator 
or qualified designee is responsible for verifying that data entries are accurate and correct by 
physically or electronically signing the CRF.

Detailed information regarding Data Management procedures for this protocol will be 
provided separately.

The investigator must maintain accurate documentation (source data) that supports the 
information entered in the CRF.

The investigator must permit study-related monitoring, audits, IRB/IEC review, and 
regulatory agency inspections and provide direct access to source data documents.

Study documentation will be promptly and fully disclosed to the Sponsor by the investigator 
upon request and also shall be made available at the study site upon request for inspection, 
copying, review, and audit at reasonable times by representatives of the Sponsor or any 
regulatory authorities. The investigator agrees to promptly take any reasonable steps that are 
requested by the Sponsor or any regulatory authorities as a result of an audit or inspection to 
cure deficiencies in the study documentation and worksheets/CRFs.

The Sponsor or designee is responsible for the data management of this study including 
quality checking of the data.

Study monitors will perform ongoing source data review and verification to confirm that data 
entered into the CRF by authorized site personnel are accurate, complete, and verifiable from 
source documents; that the safety and rights of participants are being protected; and that the 
study is being conducted in accordance with the currently approved protocol and any other 
study agreements, ICH GCP, and all applicable regulatory requirements.

Records and documents, including participants’ documented informed consent, pertaining to 
the conduct of this study must be retained by the investigator for 15 years after study 
completion unless local regulations or institutional policies require a longer retention period. 
No records may be destroyed during the retention period without the written approval of the 
Sponsor. No records may be transferred to another location or party without written 
notification to the Sponsor.
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10.1.9 Source Documents

Source documents provide evidence for the existence of the participant and substantiate the 
integrity of the data collected. The investigator/institution should maintain adequate and 
accurate source documents and study records that include all pertinent observations on each 
of the site’s participants. Source documents and data should be attributable, legible, 
contemporaneous, original, accurate, and complete. Changes to source data should be 
traceable, should not obscure the original entry, and should be explained if necessary (eg, via 
an audit trail). Source documents are filed at the investigator’s site.

Data reported on the CRF or entered in the eCRF that are transcribed from source documents 
must be consistent with the source documents or the discrepancies must be explained. The 
investigator/institution may need to request previous medical records or transfer records, 
depending on the study. Also, current medical records must be available.

10.1.10 Study and Site Closure

The Sponsor or its designee may stop the study or study site participation in the study for 
medical, safety, regulatory, administrative, or other reasons consistent with applicable laws, 
regulations, and GCP.

In the event the Sponsor prematurely terminates a particular study site, the Sponsor or 
designee will promptly notify that study site’s IRB/IEC as specified by applicable regulatory 
requirement(s).
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10.2 Appendix 2: Clinical Laboratory Tests

• The tests detailed in Table 18 will be performed by the local laboratory with the 
exception of hepatitis testing, which will be performed by the central laboratory.

• Protocol-specific requirements for inclusion or exclusion of participants are detailed in 
Section 5.1 and Section 5.2 of the protocol.

• Additional tests may be performed at any time during the study as determined necessary 
by the investigator or required by local regulations.

Table 18 Protocol-required Safety Laboratory Assessments

Laboratory 
Assessments

Parameters

Hematology Platelet Count WBC count with Differential:
Neutrophils
Lymphocytes
Monocytes
Eosinophils
Basophils

RBC Count
Hemoglobin
Hematocrit

Chemistry Blood Urea 
Nitrogen 
(BUN)a

Potassium Aspartate 
Aminotransferase
(AST)/ Serum Glutamic
Oxaloacetic 
Transaminase (SGOT)

Total bilirubin (and 
direct bilirubin, if 
total bilirubin is 
elevated above the 
upper limit of 
normal)

Albumin Carbon Dioxide (CO2) 
or Bicarbonateb

Chloride Phosphorous

Creatininec Sodium Alanine 
Aminotransferase
(ALT)/ Serum Glutamic

Pyruvic Transaminase 
(SGPT)

Total Protein

Glucose Calcium Alkaline phosphatase
Magnesium Uric acid Lactic Acid 

Dehydrogenase (LDH)
Routine 
Urinalysis

• Specific gravity
• pH, glucose, protein, blood, ketones by dipstick
• Microscopic examination (if blood or protein is abnormal)

Other Tests • Follicle stimulating hormone (as needed in women of nonchildbearing potential only)
• Serum or urine β human chorionic gonadotropin (β hCG) pregnancy test (as needed for 

WOCBP
• Serology: Anti- HCV, HCV viral load, HBsAg, Anti-HBc (total and IgM), and HBV 

viral load, per local guidelines. See Appendix 7 for Country-Specific Requirements e

• Serology HIV antibody (if required by local regulation)
• Coagulation panel (PT/INR, aPTT) f

• Thyroid function tests (T3 [or free T3d], free T4, and TSH)
• Tuberculosis, if applicable (refer to Section 10.7 [Appendix 7] for country-specific 

requirements)
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Laboratory 
Assessments

Parameters

Abbreviations: ALT=alanine aminotransferase; Anti-HBc = hepatitis B core antibody; Anti-HCV= hepatitis 
C virus antibody; aPTT=activated partial thromboplastin time; AST=aspartate aminotransferase; BUN=blood 
urea nitrogen; HBsAg=hepatitis B surface antigen; HBV = hepatitis B virus; HCV = hepatitis C virus;
HIV=human immunodeficiency virus; INR=International Normalized Ratio; PT=prothrombin time; 
RBC=red blood cell; RNA=ribonucleic acid; SGOT=serum glutamic oxaloacetic transaminase; SGPT=serum 
glutamic pyruvic transaminase; T3=triiodothyronine; T4=thyroxine; TSH=thyroid-stimulating hormone; 
WBC=white blood cell; WOCBP=women of childbearing potential

a. Urea is acceptable if BUN is not available as per institutional standard.
b. If the test is considered part of standard of care.
c. Creatinine clearance can be used in place of creatinine (see Appendix 10 for calculation using Cockcroft 

and Gault Formula).
d. T3 is preferred over free T3. If not available, free T3 may be tested.
e. All study-required laboratory assessments will be performed by a local laboratory, with the exception of 

hepatitis testing (anti- HCV, HCV viral load, HCV genotype, HBsAg, Anti-HBc [total and IgM], and 
HBV viral load,) which will be performed centrally or locally as indicated in the protocol.

f. PT/INR should be tested as needed for participants on warfarin-based anticoagulation therapy.

The investigator (or medically qualified designee) must document their review of each 
laboratory safety report.

Laboratory/analyte results that could unblind the study will not be reported to investigative 
sites or other blinded personnel until the study has been unblinded.
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10.3 Appendix 3: Adverse Events: Definitions and Procedures for Recording, 
Evaluating, Follow-up, and Reporting

10.3.1 Definition of AE

AE definition

• An AE is any untoward medical occurrence in a clinical study participant, temporally 
associated with the use of study intervention, whether or not considered related to the 
study intervention.

• NOTE: An AE can therefore be any unfavorable and unintended sign (including an 
abnormal laboratory finding), symptom, or disease (new or exacerbated) temporally 
associated with the use of a study intervention.

• NOTE: For purposes of AE definition, study intervention (also referred to as Sponsor’s 
product) includes any pharmaceutical product, biological product, vaccine, diagnostic 
agent, or protocol specified procedure whether investigational or marketed (including 
placebo, active comparator product, or run-in intervention), manufactured by, licensed 
by, provided by, or distributed by the Sponsor for human use in this study.

Events meeting the AE definition

• Any abnormal laboratory test results (hematology, clinical chemistry, or urinalysis) or 
other safety assessments (eg, ECG, radiological scans, vital signs measurements), 
including those that worsen from baseline, considered clinically significant in the medical 
and scientific judgment of the investigator.

• Exacerbation of a chronic or intermittent pre-existing condition including either an 
increase in frequency and/or intensity of the condition.

• New conditions detected or diagnosed after study intervention administration even 
though it may have been present before the start of the study.

• Signs, symptoms, or the clinical sequelae of a suspected drug-drug interaction.

• Signs, symptoms, or the clinical sequelae of a suspected overdose of either study 
intervention or a concomitant medication.

• For all reports of overdose (whether accidental or intentional) with an associated AE, the 
AE term should reflect the clinical symptoms or abnormal test result. An overdose 
without any associated clinical symptoms or abnormal laboratory results is reported using 
the terminology “accidental or intentional overdose without adverse effect.”

• Any new cancer (that is not a condition of the study). Progression of the cancer under 
study is not a reportable event. Refer to Section 8.4.6 for additional details.
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Events NOT meeting the AE definition

• Medical or surgical procedure (eg, endoscopy, appendectomy): the condition that leads to 
the procedure is the AE.

• Situations in which an untoward medical occurrence did not occur (social and/or 
convenience admission to a hospital).

• Anticipated day-to-day fluctuations of pre-existing disease(s) or condition(s) present or 
detected at the start of the study that do not worsen.

• Surgery planned prior to informed consent to treat a pre-existing condition that has not 
worsened.

• Refer to Section 8.4.6 for protocol-specific exceptions.

10.3.2 Definition of SAE

If an event is not an AE per definition above, then it cannot be an SAE even if serious 
conditions are met.

An SAE is defined as any untoward medical occurrence that, at any dose:

a. Results in death

b. Is life-threatening

• The term “life-threatening” in the definition of “serious” refers to an event in which 
the participant was at risk of death at the time of the event. It does not refer to an 
event, which hypothetically might have caused death, if it were more severe.

c. Requires inpatient hospitalization or prolongation of existing hospitalization

• Hospitalization is defined as an inpatient admission, regardless of length of stay, even 
if the hospitalization is a precautionary measure for continued observation. (Note: 
Hospitalization for an elective procedure to treat a pre-existing condition that has not 
worsened is not an SAE.) A pre-existing condition is a clinical condition that is 
diagnosed prior to the use of an MSD product and is documented in the participant’s 
medical history.

d. Results in persistent or significant disability/incapacity

• The term disability means a substantial disruption of a person’s ability to conduct 
normal life functions.

• This definition is not intended to include experiences of relatively minor medical 
significance such as uncomplicated headache, nausea, vomiting, diarrhea, influenza, 
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and accidental trauma (eg, sprained ankle) that may interfere with or prevent 
everyday life functions but do not constitute a substantial disruption.

e. Is a congenital anomaly/birth defect

• In offspring of participant taking the product regardless of time to diagnosis.

f. Other important medical events

• Medical or scientific judgment should be exercised in deciding whether SAE 
reporting is appropriate in other situations such as important medical events that may 
not be immediately life-threatening or result in death or hospitalization but may 
jeopardize the participant or may require medical or surgical intervention to prevent 1 
of the other outcomes listed in the above definition. These events should usually be 
considered serious.

• Examples of such events include invasive or malignant cancers, intensive treatment in 
an emergency room or at home for allergic bronchospasm, blood dyscrasias or 
convulsions that do not result in hospitalization, or development of drug dependency 
or drug abuse.

10.3.3 Additional Events Reported in the Same Manner as SAE

Additional events that require reporting in the same manner as SAE

In addition to the above criteria, AEs meeting either of the below criteria, although not 
serious per ICH definition, are reportable to the Sponsor in the same time frame as SAEs to 
meet certain local requirements. Therefore, these events are considered serious by the 
Sponsor for collection purposes.

• Is a new cancer (that is not a condition of the study)

• Is associated with an overdose

10.3.4 Recording AE and SAE

AE and SAE recording

• When an AE/SAE occurs, it is the responsibility of the investigator to review all 
documentation (eg, hospital progress notes, laboratory, and diagnostics reports) related to 
the event.

• The investigator will record all relevant AE/SAE information on the AE 
CRFs/worksheets at each examination.

• It is not acceptable for the investigator to send photocopies of the participant’s medical 
records to the Sponsor in lieu of completion of the AE CRF page.
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• There may be instances when copies of medical records for certain cases are requested by 
the Sponsor. In this case, all participant identifiers, with the exception of the participant 
number, will be blinded on the copies of the medical records before submission to the 
Sponsor.

• The investigator will attempt to establish a diagnosis of the event based on signs, 
symptoms, and/or other clinical information. In such cases, the diagnosis (not the 
individual signs/symptoms) will be documented as the AE/SAE.

Assessment of intensity/toxicity

• An event is defined as “serious” when it meets at least 1 of the predefined outcomes as 
described in the definition of an SAE, not when it is rated as severe.

• The investigator will make an assessment of intensity for each AE and SAE (and other 
reportable safety event) according to the NCI Common Terminology for Adverse Events 
(CTCAE), version 5.0. Any AE that changes CTCAE grade over the course of a given 
episode will have each change of grade recorded on the AE CRFs/worksheets.

- Grade 1: Mild; asymptomatic or mild symptoms; clinical or diagnostic observations 
only; intervention not indicated.

- Grade 2: Moderate; minimal, local or noninvasive intervention indicated; limiting 
age-appropriate instrumental activities of daily living (ADL).

- Grade 3: Severe or medically significant but not immediately life-threatening; 
hospitalization or prolongation of hospitalization indicated; disabling; limiting self-
care ADL.

- Grade 4: Life threatening consequences; urgent intervention indicated.

- Grade 5: Death related to AE.

Assessment of causality

• Did the Sponsor’s product cause the AE?

• The determination of the likelihood that the Sponsor’s product caused the AE will be 
provided by an investigator who is a qualified physician. The investigator’s signed/dated 
initials on the source document or worksheet that supports the causality noted on the AE 
form, ensures that a medically qualified assessment of causality was done. This initialed 
document must be retained for the required regulatory time frame. The criteria below are 
intended as reference guidelines to assist the investigator in assessing the likelihood of a 
relationship between the test product and the AE based upon the available information.

• The following components are to be used to assess the relationship between the 
Sponsor’s product and the AE; the greater the correlation with the components and 
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their respective elements (in number and/or intensity), the more likely the Sponsor’s 
product caused the AE:

- Exposure: Is there evidence that the participant was actually exposed to the 
Sponsor’s product such as: reliable history, acceptable compliance assessment (pill 
count, diary, etc.), expected pharmacologic effect, or measurement of drug/metabolite 
in bodily specimen?

- Time Course: Did the AE follow in a reasonable temporal sequence from 
administration of the Sponsor’s product? Is the time of onset of the AE compatible 
with a drug-induced effect (applies to studies with investigational medicinal product)?

- Likely Cause: Is the AE not reasonably explained by another etiology such as 
underlying disease, other drug(s)/vaccine(s), or other host or environmental factors.

- Dechallenge: Was the Sponsor’s product discontinued or dose/exposure/frequency 
reduced?

◦ If yes, did the AE resolve or improve?

◦ If yes, this is a positive dechallenge.

◦ If no, this is a negative dechallenge.

(Note: This criterion is not applicable if: (1) the AE resulted in death or permanent 
disability; (2) the AE resolved/improved despite continuation of the Sponsor’s 
product; (3) the study is a single-dose drug study; or (4) Sponsor’s product(s) is/are 
only used 1 time.)

- Rechallenge: Was the participant re-exposed to the Sponsor’s product in this study?

◦ If yes, did the AE recur or worsen?

◦ If yes, this is a positive rechallenge.

◦ If no, this is a negative rechallenge.

(Note: This criterion is not applicable if: (1) the initial AE resulted in death or 
permanent disability, or (2) the study is a single-dose drug study; or (3) Sponsor’s 
product(s) is/are used only 1 time.)

NOTE: IF A RECHALLENGE IS PLANNED FOR AN AE THAT WAS SERIOUS AND 
MAY HAVE BEEN CAUSED BY THE SPONSOR’S PRODUCT, OR IF RE-EXPOSURE 
TO THE SPONSOR’S PRODUCT POSES ADDITIONAL POTENTIAL SIGNIFICANT 
RISK TO THE PARTICIPANT THEN THE RECHALLENGE MUST BE APPROVED IN 
ADVANCE BY THE SPONSOR CLINICAL DIRECTOR AS PER DOSE 
MODIFICATION GUIDELINES IN THE PROTOCOL, AND IF REQUIRED, THE 
INIRB/IEC.
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• Consistency with study intervention profile: Is the clinical/pathological presentation of 
the AE consistent with previous knowledge regarding the Sponsor’s product or drug class 
pharmacology or toxicology?

• The assessment of relationship will be reported on the case report forms/worksheets by 
an investigator who is a qualified physician according to his/her best clinical judgment, 
including consideration of the above elements.

• Use the following scale of criteria as guidance (not all criteria must be present to be 
indicative of a Sponsor’s product relationship).

- Yes, there is a reasonable possibility of Sponsor’s product relationship:

◦ There is evidence of exposure to the Sponsor’s product. The temporal sequence of 
the AE onset relative to the administration of the Sponsor’s product is reasonable. 
The AE is more likely explained by the Sponsor’s product than by another cause.

- No, there is not a reasonable possibility of Sponsor's product relationship:

◦ Participant did not receive the Sponsor’s product OR temporal sequence of the 
AE onset relative to administration of the Sponsor’s product is not reasonable OR 
the AE is more likely explained by another cause than the Sponsor’s product. 
(Also entered for a participant with overdose without an associated AE.)

• For each AE/SAE, the investigator must document in the medical notes that he/she has 
reviewed the AE/SAE and has provided an assessment of causality.

• There may be situations in which an SAE has occurred and the investigator has minimal 
information to include in the initial report to the Sponsor. However, it is very important 
that the investigator always make an assessment of causality for every event before the 
initial transmission of the SAE data to the Sponsor.

• The investigator may change his/her opinion of causality in light of follow-up 
information and send an SAE follow-up report with the updated causality assessment.

• The causality assessment is 1 of the criteria used when determining regulatory reporting 
requirements.

• For studies in which multiple agents are administered as part of a combination regimen, 
the investigator may attribute each AE causality to the combination regimen or to a single 
agent of the combination. In general, causality attribution should be assigned to the 
combination regimen (ie, to all agents in the regimen). However, causality attribution 
may be assigned to a single agent if in the investigator’s opinion, there is sufficient data 
to support full attribution of the AE to the single agent.
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Follow-up of AE and SAE

• The investigator is obligated to perform or arrange for the conduct of supplemental 
measurements and/or evaluations as medically indicated or as requested by Sponsor to 
elucidate the nature and/or causality of the AE or SAE as fully as possible. This may 
include additional laboratory tests or investigations, histopathological examinations, or 
consultation with other health care professionals.

• New or updated information will be recorded in the CRF.

• The investigator will submit any updated SAE data to the Sponsor within 24 hours of 
receipt of the information.

10.3.5 Reporting of AEs, SAEs, and Other Reportable Safety Events to the Sponsor

AE, SAE, and other reportable safety event reporting to Sponsor via electronic data 
collection tool

• The primary mechanism for reporting to the Sponsor will be the electronic data collection 
(EDC) tool.

• Electronic reporting procedures can be found in the EDC data entry guidelines (or 
equivalent).

• If the electronic system is unavailable for more than 24 hours, then the site will use 
the paper AE Reporting form.

• Reference Section 8.4.1 for reporting time requirements.

• The site will enter the SAE data into the electronic system as soon as it becomes 
available.

• After the study is completed at a given site, the EDC tool will be taken off-line to prevent 
the entry of new data or changes to existing data.

• If a site receives a report of a new SAE from a study participant or receives updated data 
on a previously reported SAE after the EDC tool has been taken off-line, then the site can 
report this information on a paper SAE form or by telephone (see next section).

• Contacts for SAE reporting can be found in the Investigator Study File Binder (or 
equivalent).
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SAE reporting to the Sponsor via paper CRF

• If the EDC tool is not operational, facsimile transmission or secure e-mail of the SAE 
paper CRF is the preferred method to transmit this information to the Sponsor.

• In rare circumstances and in the absence of facsimile equipment, notification by 
telephone is acceptable with a copy of the SAE data collection tool sent by overnight 
mail or courier service.

• Initial notification via telephone does not replace the need for the investigator to 
complete and sign the SAE CRF pages within the designated reporting time frames.

• Contacts and instructions for SAE reporting and paper reporting procedures can be found 
in the Investigator Study File Binder (or equivalent).
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10.4 Appendix 4: Device Events, Adverse Device Events, and Medical Device 
Incidents: Definitions, Collection, and Documentation

Not applicable.
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10.5 Appendix 5: Contraceptive Guidance

10.5.1 Definitions

Women of Childbearing Potential (WOCBP)

A woman is considered fertile following menarche and until becoming postmenopausal 
unless permanently sterile (see below):

If fertility is unclear (eg, amenorrhea in adolescents or athletes) and a menstrual cycle cannot 
be confirmed before first dose of study intervention, additional evaluation should be 
considered.

Women in the following categories are not considered WOCBP:

• Premenarchal

• Premenopausal female with 1 of the following:

- Documented hysterectomy

- Documented bilateral salpingectomy

- Documented bilateral oophorectomy

For individuals with permanent infertility due to an alternate medical cause other than the 
above (eg, Mullerian agenesis, androgen insensitivity), investigator discretion should be 
applied to determining study entry.

Note: Documentation can come from the site personnel’s review of the participant’s 
medical records, medical examination, or medical history interview.

• Postmenopausal female

- A postmenopausal state is defined as no menses for 12 months without an alternative 
medical cause.

◦ A high follicle stimulating hormone (FSH) level in the postmenopausal range may 
be used to confirm a postmenopausal state in women not using hormonal 
contraception or hormone replacement therapy (HRT). However, in the absence 
of 12 months of amenorrhea, confirmation with two FSH measurements in the 
postmenopausal range is required.

- Females on HRT and whose menopausal status is in doubt will be required to use one 
of the nonhormonal highly effective contraception methods if they wish to continue 
their HRT during the study. Otherwise, they must discontinue HRT to allow 
confirmation of postmenopausal status before study enrollment.
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10.5.2 Contraception Requirements

• Contraceptives allowed during the study includea:

Highly Effective Contraceptive Methods That Have Low User Dependency
Failure rate of <1% per year when used consistently and correctly.

• Progestogen-only subdermal contraceptive implantb,c

• Intrauterine hormone-releasing system (IUS)c

• Intrauterine device (IUD)

• Bilateral tubal occlusion

• Azoospermic partner (vasectomized or secondary to medical cause)
This is a highly effective contraception method provided that the partner is the sole male sexual partner 
of the WOCBP and the absence of sperm has been confirmed. If not, an additional highly effective 
method of contraception should be used. A spermatogenesis cycle is approximately 90 days.

Note: Documentation of azoospermia can come from the site personnel’s review of the participant’s 
medical records, medical examination, or medical history interview.

Sexual Abstinence

• Sexual abstinence is considered a highly effective method only if defined as refraining from 
heterosexual intercourse during the entire period of risk associated with the study intervention. The 
reliability of sexual abstinence needs to be evaluated in relation to the duration of the study and the 
preferred and usual lifestyle of the participant.

a. Contraceptive use by men or women should be consistent with local regulations regarding the use of 
contraceptive methods for participants of clinical studies.

b. If locally required, in accordance with Clinical Trial Facilitation Group (CTFG) guidelines, acceptable 
contraceptive implants are limited to those which inhibit ovulation

c. IUS is a progestin releasing IUD.

Note: The following are not acceptable methods of contraception:

- Periodic abstinence (calendar, symptothermal, post-ovulation methods), withdrawal (coitus interruptus), 
spermicides only, and lactational amenorrhea method (LAM).

- Male condom with cap, diaphragm, or sponge with spermicide.

- Male and female condom should not be used together (due to risk of failure with friction).
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10.6 Appendix 6: Collection and Management of Specimens for Future Biomedical 
Research

1. Definitions

a. Biomarker: A biological molecule found in blood, other body fluids, or tissues that is
a sign of a normal or abnormal process or of a condition or disease. A biomarker may
be used to see how well the body responds to a treatment for a disease or condition.1

b. Pharmacogenomics: The investigation of variations of DNA and RNA characteristics 
as related to drug/vaccine response.2

c. Pharmacogenetics: A subset of pharmacogenomics, pharmacogenetics is the influence 
of variations in DNA sequence on drug/vaccine response.2

d. DNA: Deoxyribonucleic acid.

e. RNA: Ribonucleic acid.

2. Scope of Future Biomedical Research

The specimens consented and/or collected in this study as outlined in Section 8.8 will be 
used in various experiments to understand:









The specimen(s) may be used for 

It is now well recognized that information obtained from studying and testing clinical 
specimens offers unique opportunities to enhance our understanding of how individuals 
respond to drugs/vaccines, enhance our understanding of human disease and ultimately 
improve public health through development of novel treatments targeted to populations 
with the greatest need. All specimens will be used by the Sponsor or those working for or 
with the Sponsor.

3. Summary of Procedures for Future Biomedical Research.

a. Participants for Enrollment

All participants enrolled in the clinical study will be considered for enrollment in 
future biomedical research

CCI

CCI

CCI
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b. Informed Consent

Informed consent for specimens (ie, DNA, RNA, protein, etc.) will be obtained 
during screening for protocol enrollment from all participants or legal guardians, at a 
study visit by the investigator or his or her designate. Informed consent for future 
biomedical research should be presented to the participants on the visit designated in 
the SoA. If delayed, present consent at next possible Participant Visit. Consent forms 
signed by the participant will be kept at the clinical study site under secure storage for 
regulatory reasons.

A template of each study site’s approved informed consent will be stored in the 
Sponsor’s clinical document repository.

c. eCRF Documentation for Future Biomedical Research Specimens

Documentation of participant consent for future biomedical research will be captured 
in the eCRFs. Any specimens for which such an informed consent cannot be verified 
will be destroyed.

d. Future Biomedical Research Specimen(s)

Collection of specimens for future biomedical research will be performed as outlined 
in the SoA. In general, if additional blood specimens are being collected for future 
biomedical research, these will usually be obtained at a time when the participant is 
having blood drawn for other study purposes.

4. Confidential Participant Information for Future Biomedical Research

In order to optimize the research that can be conducted with future biomedical research 
specimens, it is critical to link participant’s clinical information with future test results. In 
fact little or no research can be conducted without connecting the clinical study data to 
the specimen. The clinical data allow specific analyses to be conducted. Knowing 
participant characteristics like gender, age, medical history and intervention outcomes are 
critical to understanding clinical context of analytical results.

To maintain privacy of information collected from specimens obtained for future 
biomedical research, the Sponsor has developed secure policies and procedures. All 
specimens will be single-coded per ICH E15 guidelines as described below.

At the clinical study site, unique codes will be placed on the future biomedical research 
specimens. This code is a random number which does not contain any personally 
identifying information embedded within it. The link (or key) between participant 
identifiers and this unique code will be held at the study site. No personal identifiers will 
appear on the specimen tube.
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5. Biorepository Specimen Usage

Specimens obtained for the Sponsor will be used for analyses using good scientific 
practices. Analyses utilizing the future biomedical research specimens may be performed 
by the Sponsor, or an additional third party (eg, a university investigator) designated by 
the Sponsor. The investigator conducting the analysis will follow the Sponsor’s privacy 
and confidentiality requirements. Any contracted third party analyses will conform to the 
specific scope of analysis outlined in future biomedical research protocol and consent. 
Future biomedical research specimens remaining with the third party after specific 
analysis is performed will be reported to the Sponsor.

6. Withdrawal From Future Biomedical Research

Participants may withdraw their consent for future biomedical research and ask that their 
biospecimens not be used for future biomedical research. Participants may withdraw 
consent at any time by contacting the investigator for the main study. If medical records 
for the main study are still available, the investigator will contact the Sponsor using the 
designated mailbox (clinical.specimen.management@MSD.com). Subsequently, the 
participant’s specimens will be flagged in the biorepository and restricted to main study 
use only. If specimens were collected from study participants specifically for future 
biomedical research, these specimens will be removed from the biorepository and 
destroyed. Documentation will be sent to the investigator confirming withdrawal and/or 
destruction, if applicable. It is the responsibility of the investigator to inform the 
participant of completion of the withdrawal and/or destruction, if applicable. Any 
analyses in progress at the time of request for withdrawal/destruction or already 
performed prior to the request being received by the Sponsor will continue to be used as 
part of the overall research study data and results. No new analyses would be generated 
after the request is received.

In the event that the medical records for the main study are no longer available (eg, if the 
investigator is no longer required by regulatory authorities to retain the main study 
records) or the specimens have been completely anonymized, there will no longer be a 
link between the participant’s personal information and their specimens. In this situation, 
the request for withdrawal of consent and/or destruction cannot be processed.

7. Retention of Specimens

Future biomedical research specimens will be stored in the biorepository for potential 
analysis for up to 20 years from the end of the main study. Specimens may be stored for 
longer if a regulatory or governmental authority has active questions that are being 
answered. In this special circumstance, specimens will be stored until these questions 
have been adequately addressed.

Specimens from the study site will be shipped to a central laboratory and then shipped to 
the Sponsor-designated biorepository. If a central laboratory is not utilized in a particular 
study, the study site will ship directly to the Sponsor-designated biorepository. The 
specimens will be stored under strict supervision in a limited access facility which 
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operates to assure the integrity of the specimens. Specimens will be destroyed according 
to Sponsor policies and procedures and this destruction will be documented in the 
biorepository database.

8. Data Security

Databases containing specimen information and test results are accessible only to the 
authorized Sponsor representatives and the designated study administrator research 
personnel and/or collaborators. Database user authentication is highly secure, and is 
accomplished using network security policies and practices based on international 
standards to protect against unauthorized access.

9. Reporting of Future Biomedical Research Data to Participants

No information obtained from exploratory laboratory studies will be reported to the 
participant, family, or physicians. Principle reasons not to inform or return results to the 
participant include: Lack of relevance to participant health, limitations of predictive 
capability, and concerns regarding misinterpretation.

If important research findings are discovered, the Sponsor may publish results, present 
results in national meetings, and make results accessible on a public website in order to 
rapidly report this information to doctors and participants. Participants will not be 
identified by name in any published reports about this study or in any other scientific 
publication or presentation.

10. Future Biomedical Research Study Population

Every effort will be made to recruit all participants diagnosed and treated on Sponsor 
clinical studies for future biomedical research.

11. Risks Versus Benefits of Future Biomedical Research

For future biomedical research, risks to the participant have been minimized and are 
described in the future biomedical research informed consent.

The Sponsor has developed strict security, policies, and procedures to address participant 
data privacy concerns. Data privacy risks are largely limited to rare situations involving 
possible breach of confidentiality. In this highly unlikely situation, there is risk that the 
information, like all medical information, may be misused.

12. Questions

Any questions related to the future biomedical research should be emailed directly to 
clinical.specimen.management@MSD.com.
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10.7 Appendix 7: Country-specific Requirements
CCI
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10.8 Appendix 8: Description of the iRECIST Process for Assessment of Disease 
Progression

iRECIST is based on RECIST 1.1 but adapted to account for the unique tumor response seen 
with immunotherapeutic drugs. iRECIST will be used by the investigator to assess tumor 
response and progression, and to guide decisions about changes in management.

Assessment at screening and before RECIST 1.1 Progression

Until radiographic disease progression based on RECIST 1.1, there is no distinct iRECIST 
assessment.

Assessment and Decision at RECIST 1.1 Progression

For participants who show radiological disease progression by RECIST 1.1, the investigator 
will decide whether to continue a participant on study intervention until repeat scans 4 to 8 
weeks later are obtained, as described in Section 8.2.1.6.

Tumor flare may manifest as any factor causing radiographic progression per RECIST 1.1, 
including:

• Increase in the sum of diameters of target lesion(s) identified at baseline to ≥20% and 
≥5 mm from nadir
Note: The iRECIST publication uses the terminology “sum of measurements,” but “sum 
of diameters” will be used in this protocol, consistent with the original RECIST 1.1 
terminology.

• Unequivocal progression of nontarget lesion(s) identified at baseline

• Development of new lesion(s)

iRECIST defines new response categories, including iUPD (unconfirmed progressive 
disease) and iCPD (confirmed progressive disease). For purposes of iRECIST assessment, 
the first visit showing progression according to RECIST 1.1 will be assigned a visit (overall) 
response of iUPD, regardless of which factors caused the progression.

At this visit, target and nontarget lesions identified at baseline by RECIST 1.1 will be 
assessed as usual.

New lesions will be classified as measurable or nonmeasurable, using the same size 
thresholds and rules as for baseline lesion assessment in RECIST 1.1. From measurable new 
lesions, up to 5 lesions total (up to 2 per organ), may be selected as New Lesions – Target. 
The sum of diameters of these lesions will be calculated, and kept distinct from the sum of 
diameters for target lesions at baseline. All other new lesions will be followed qualitatively 
as New Lesions – Non-target.
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Assessment at the Confirmatory Scans

On the confirmatory scans, the participant will be classified as progression confirmed (with 
an overall response of iCPD), or as showing persistent unconfirmed progression (with an 
overall response of iUPD), or as showing disease stability or response (iSD/iPR/iCR).

Confirmation of Progression

Progression is considered confirmed, and the overall response will be iCPD, if ANY of the 
following occurs:

• Any of the factors that were the basis for the iUPD at the previous visit show worsening

- For target lesions, worsening is a further increase in the sum of diameters of ≥5 mm, 
compared to any prior iUPD time point

- For nontarget lesions, worsening is any significant growth in lesions overall, 
compared to a prior iUPD time point; this does not have to meet the “unequivocal” 
standard of RECIST 1.1

- For new lesions, worsening is any of these:

◦ An increase in the new lesion sum of diameters by ≥5 mm from a prior iUPD time 
point

◦ Visible growth of new nontarget lesions

◦ The appearance of additional new lesions

• Any new factor appears that would have triggered PD by RECIST 1.1

Persistent iUPD

Progression is considered not confirmed, and the overall response remains iUPD, if:

- None of the progression-confirming factors identified above occurs AND

- The target lesion sum of diameters (initial target lesions) remains above the initial PD 
threshold (by RECIST 1.1)

Additional scans for confirmation are to be scheduled 4 to 8 weeks from the scans on which 
iUPD is seen. This may correspond to the next visit in the original visit schedule. The 
assessment of the subsequent confirmation scan proceeds in an identical manner, with 
possible outcomes of iCPD, iUPD, and iSD/iPR/iCR.
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Resolution of iUPD

Progression is considered not confirmed, and the overall response becomes iSD/iPR/iCR, if:

- None of the progression-confirming factors identified above occurs, AND

- The target lesion sum of diameters (initial target lesions) is not above the PD 
threshold.

The response is classified as iSD or iPR (depending on the sum of diameters of the target 
lesions), or iCR if all lesions resolve.

In this case, the initial iUPD is considered to be pseudo-progression, and the level of 
suspicion for progression is “reset.” This means that the next visit that shows radiographic 
progression, whenever it occurs, is again classified as iUPD by iRECIST, and the 
confirmation process is repeated before a response of iCPD can be assigned.

Management Following the Confirmatory Scan

If repeat scans do not confirm PD and the participant continues to be clinically stable, study 
intervention is to continue, the regular imaging schedule is followed. If PD is confirmed, 
participants may be discontinued from study intervention.

NOTE: If a participant has confirmed radiographic progression (iCPD) and clinically 
meaningful benefit, study intervention may be continued after consultation with the Sponsor. 
If study intervention is continued, tumor scans are to be performed following the intervals as 
outlined in Section 1.3.

Detection of Progression at Visits After Pseudo-progression Resolves

After resolution of pseudo-progression (ie, after iSD/iPR/iCR), iUPD is indicated by any of 
the following events:

 Target lesions

- Sum of diameters reaches the PD threshold (≥20% and ≥5 mm increase from nadir) 
either for the first time, or after resolution of previous pseudo-progression. The nadir is 
always the smallest sum of diameters seen during the entire study, either before or 
after an instance of pseudo-progression.

 Nontarget lesions

- If nontarget lesions have never shown unequivocal progression, their doing so for the 
first time results in iUPD.

- If nontarget lesions have shown previous unequivocal progression, and this 
progression has not resolved, iUPD results from any significant further growth of non-
target lesions, taken as a whole.
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 New lesions

- New lesions appear for the first time

- Additional new lesions appear

- Previously identified new target lesions show an increase of ≥5 mm in the new lesion 
sum of diameters, from the nadir value of that sum

- Previously identified non-target lesions show any significant growth

If any of the events above occur, the overall response for that visit is iUPD, and the iUPD 
evaluation process (see Assessment at the Confirmatory Scan above) is repeated. Progression 
must be confirmed before iCPD can occur.

The decision process on the subsequent iUPD is identical to the iUPD confirmation process 
for the initial disease progression, with one exception, which can occur if new lesions had 
occurred at a prior instance of iUPD, had not resolved, then worsened (increase in size or 
number) leading to the second iUPD. If new lesion worsening has not resolved at the 
confirmatory scan, then iUPD cannot resolve to iSD or iPR. It will remain iUPD until either a 
decrease in the new lesion burden allows resolution to iSD or iPR, or until new or worsening 
cause of progression indicates iCPD.

Additional details about iRECIST are provided in the iRECIST publication [Seymour, L., et 
al 2017].
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10.9 Appendix 9: ECOG Performance Status

Developed by the Eastern Cooperative Oncology Group, Robert L. Comis, MD, Group 
Chair.*

GRADE ECOG PERFORMANCE STATUS

0 Fully active, able to carry on all pre-disease performance without restriction

1
Restricted in physically strenuous activity but ambulatory and able to carry out 
work of a light or sedentary nature, eg, light housework, office work

2
Ambulatory and capable of all selfcare but unable to carry out any work 
activities; up and about more than 50% of waking hours

3
Capable of only limited selfcare; confined to bed or chair more than 50% of 
waking hours

4
Completely disabled; cannot carry on any selfcare; totally confined to bed or 
chair

5 Dead

*Oken M, Creech R, Tormey D, et al. Toxicity and response criteria of the Eastern Cooperative 
Oncology Group. Am J Clin Oncol. 1982;5:649-655

http://ecog-acrin.org/resources/ecog performance status
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10.10 Appendix 10: Calculated Creatinine Clearance

Original, Weight-Based Cockcroft and Gault Formula for Calculated Creatinine
Clearance for Men

For serum creatinine concentration in mg/dL:

CrCl =

(mL/min)

(140 – agea) (wtb) 1.0 72

serum creatinine (mg/dL)

For serum creatinine concentration in mol/L:

CrCl =

(mL/min)

(140 – agea) (wtb) 1.0

0.81 serum creatinine (mol/L)

Abbreviations: CrCl=creatinine clearance; wt=weight

a. Age in years.

b. Weight (wt) in kilograms.

Source: Cockcroft and Gault 1976. [Cockcroft, D. W. and Gault, M. H. 1976].

Original, Weight-Based Cockcroft and Gault Formula for Calculated Creatinine
Clearance for Women

For serum creatinine concentration in mg/dL:

CrCl =

(mL/min)

(140 – agea) (wtb) 0.85

72 serum creatinine (mg/dL)

For serum creatinine concentration in mol/L:

CrCl =

(mL/min)

(140 – agea) (wtb) 0.85

0.81 serum creatinine (mol/L)

Abbreviations: CrCl=creatinine clearance; wt=weight

a. Age in years.

b. Weight (wt) in kilograms.

Source: Cockcroft and Gault 1976. [Cockcroft, D. W. and Gault, M. H. 1976].
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10.11 Appendix 11: Abbreviations

Abbreviation Expanded Term
ADA antidrug antibodies
ADL activities of daily living 
AE adverse event 
ALT alanine aminotransferase
Anti-HBe hepatitis B e antibody
Anti-HBs hepatitis B surface antibody
Anti-HCV hepatitis C antibody
APaT All Participants as Treated
ASC active symptom control
AST aspartate aminotransferase
BCG Bacillus Calmette Guérin
BICR blinded independent central review(er)
BSA body surface area
BTC biliary tract cancer
C cycle
CCA cholangiocarcinoma
CD cluster of differentiation
CDE Center for Drug Evaluation
CI confidence interval
CMV cytomegalovirus
CNS central nervous system 
CPS combined positive score
CR complete response
CrCl creatinine clearance
CRF Case Report Form 
CSR Clinical Study Report
CT computed tomography
CTCAE Common Terminology Criteria for Adverse Events

CTFG Clinical Trial Facilitation Group 
CTLA-4 cytotoxic T-lymphocyte-associated protein 4
D day
D/C discontinuation
DC disease control
DCR disease control rate
DILI drug-induced liver injury
DMC Data Monitoring Committee 
dMMR mismatch repair deficient
DNA deoxyribonucleic acid 
DOR duration of response
EBV Epstein-Barr virus
ECG electrocardiogram 
ECI event of clinical interest
ECOG Eastern Cooperative Oncology Group;
eCRF electronic Case Report Form
eCTA exploratory Clinical Trial Application
EDC electronic data collection 
eDMC external Data Monitoring Committee
EDTA ethylenediaminetetraacetic acid
EMA European Medicines Agency

CCI
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Abbreviation Expanded Term
EOC Executive Oversight Committee 
EOI end of intervention
EORTC European Organisation for the Research and Treatment of Cancer
ePRO electronic patient-reported outcome
EQ-5D-5L European Quality of Life 5-dimension, 5-level Questionnaire
ESMO European Society for Medical Oncology
FA final analysis
FAS full analysis set
FDA Food and Drug Administration
FDAAA Food and Drug Administration Amendments Act
FFPE formalin-fixed, paraffin-embedded
FOLFOX folinic acid, fluorouracil, and oxaliplatin
FSH follicle stimulating hormone 
FU follow-up
GBC gallbladder cancer
GCP Good Clinical Practice 
Gem/cis gemcitabine/cisplatin
GEMOX gemcitabine with oxaliplatin
H hypothesis
HBc hepatitis B core antibody
HBeAg hepatitis B early antigen
HBsAg hepatitis B surface antigen
HBV hepatitis B virus
HCC Hepatocellular cancer
HCV hepatitis C virus
HECI hepatic events of clinical interest
HGRAC Human Genetics Resources Administration of China
HIV human immunodeficiency virus
HR hazard ratio
HRT hormone replacement therapy
IA1 Interim analysis 1
IA2 Interim analysis 2
IB Investigator’s Brochure 
ICF Informed Consent Form 
ICH International Council for Harmonisation of Technical Requirements for 

Pharmaceuticals for Human Use
iCPD confirmed progressive disease per iRECIST
iCR complete response per iRECIST
iCRO imaging contract research organization
IDH1 isocitrate dehydrogenase 1
IEC Independent Ethics Committee
Ig immunoglobulin
IHC immunohistochemistry
IMP Investigational Medicinal Product
IND Investigational New Drug 
INR international normalized ratio
IO immuno-oncology
iPR partial response per iRECIST
irAE Immune-related adverse event
IRB Institutional Review Board 
iRECIST Modified Response Evaluation Criteria in Solid Tumors 1.1 for immune-based 

therapeutics
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Abbreviation Expanded Term
IRT interactive response technology
iSD stable disease per iRECIST
ITT intention to treat
IUD intrauterine device
IUO investigational use only
iUPD unconfirmed progressive disease per iRECIST
IUS intrauterine hormone-releasing system
IV intravenous
IVRS interactive voice response system
LDH lactic acid dehydrogenase
LS least squares
MASCC Multinational Association of Supportive Care in Cancer
MMR mismatch repair
M&N Miettinen and Nurminen
MRI magnetic resonance imaging
mRNA messenger ribonucleic acid
MSI microsatellite instability
MSI-H microsatellite instability-high
NCCN National Comprehensive Cancer Network
NCI National Cancer Institute
NIMP Non-investigational Medicinal Product
NSCLC non-small cell lung cancer
OR objective response
ORR objective response rate
OS overall survival
PCR polymerase chain reaction
PD progressive disease
PD-1 programmed cell death 1
PD-L1 programmed cell death ligand 1
PD-L2 programmed cell death ligand 2
PDT photodynamic therapy
PFS progression-free survival
PK pharmacokinetic
PO per os (by mouth)
PR partial response
PRO patient-reported outcomes
PS performance score
Q3/6/12W every 3/6/12 weeks
QLQ quality of life questionnaire
QOL quality of life
R2 macroscopic residual tumor
RECIST 1.1 Response Evaluation Criteria in Solid Tumors version 1.1
RNA ribonucleic acid
S-1 oral fluoropyrimidine containing tegafur, gimeracil, and oteracil
SAC Scientific Advisory Committee
SAE serious adverse event 
SAP statistical analysis plan
SD stable disease
SIM Site Imaging Manual
SmPC Summary of Product Characteristics
SNP single nucleotide polymorphism
SoA schedule of activities
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Abbreviation Expanded Term
SOC standard of care
sSAP supplemental statistical analysis plan
SUSAR suspected unexpected serious adverse reaction
TACE transarterial chemoembolization
TARE transarterial radioembolization
TB tuberculosis
TILs tumor-infiltrating lymphocytes
TSH thyroid-stimulating hormone
TTD time to deterioration
TTP time-to-progression 
UK United Kingdom
ULN upper limit of normal
US United States
WOCBP woman/women of childbearing potential 
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Table A1. Detailed description of Cognitive Functional Therapy with two example cases. 
 

Cognitive Functional Therapy: Interview, functional behavioural assessment and intervention  
 

Cognitive Functional Therapy (CFT) is a patient-centred individualised biopsychosocial approach for people with persistent disabling 
low back pain (LBP), where serious pathology has been ruled out. CFT aims to identify and target unhelpful cognitions, emotions and 
behaviours that act as barriers to recovery and coach patients towards effective self-management of their pain condition. CFT uses 
three principal processes:  
1) Making sense of pain - reconceptualisation of the pain from a biopsychosocial perspective;  
2) Exposure with control – development of pain control strategies and confidence to re-engage in valued activities;  
3) Lifestyle coaching – adoption of healthy lifestyle habits. 
 

 
Central to CFT is building a strong therapeutic alliance with the patient to facilitate patient-centred care. This is characterised by open, 
reflective, empathetic, and validating communication. This facilitates disclosure, reinforces positive health behaviours, and encourages 
patients to reflect on discrepancies between their beliefs and their pain experiences (e.g. believe pain is dangerous but feel better when 
active). Individual factors, such as culture, treatment expectations and preferences, health literacy, levels of acceptance, and readiness for 
change, are also considered in order to provide care that is tailored to the patient’s unique presentation and context. Understanding and 
orientating care to the patient’s goals is central to this process. Patient-centred care underpins the interview, physical examination and 
entire CFT intervention. 
 
For additional description: O’Sullivan et.al. Cognitive Functional Therapy: An Integrated Behavioral Approach for the Targeted 
Management of Disabling Low Back Pain. 2018. Physical Therapy (98.5), p408–423, https://doi.org/10.1093/ptj/pzy022 
 
 
Below is a more detailed description of CFT as delivered in the RESTORE study.  
Patient 
interview 

Screening questionnaires used prior to interview:  
1. Short form Orebro Questionnaire – to identify the patient’s overall complexity as well as individual items to 

be explored with the patient during the interview and examination. 
2. Patient-Specific Functional Scale – to identify the three most important pain-related functional limitations to 

be explored in the interview and physical examination.  

Interview:  
An in-depth interview is conducted where the patient is asked to ‘tell their story’. During this process the clinician explores 
the patient’s:  

1. Pain history and experiences, including factors associated with the onset of low back pain (LBP) (i.e. traumatic 
or contextual stresses) and previous health care interactions. 

2. Impact of LBP on their life (i.e. physical, lifestyle, emotional, social, work).  
3. Location, nature and pattern of the symptoms / body sensations, including biopsychosocial factors that provoke 

and relieve symptoms (i.e. postures, movements, activities, sleep disturbances, thoughts about their body and 
pain, social stress, emotions etc). 

4. Pain beliefs including the cause, consequences, and timeframe of their LBP, in order to identify unhelpful 
beliefs.  

5. Pain coping strategies, such as pain vigilance, protective, avoidance or persistence (pushing through pain) 
behaviours, and activity pacing. 

6. Emotional responses to pain, including their concerns, worries, fears, distress and mood. 
7. Painful, feared or avoided functional tasks (movements, postures and activities) that are valued; and their 

beliefs, levels of confidence, emotional and bodily responses to those movements, postures and activities.  
8. Social situation (i.e. work, home and social support, and stress factors).  
9. Lifestyle, including physical activity levels, sleep habits and social engagement.  
10. General and medical health, screening questions for serious pathology, including review of imaging. 
11. Personally relevant goals, perceived barriers to achieving goals, and treatment expectations.  

At the end of the interview, a brief summary of the patient’s story, goals and expectations is reported back to the patient 
to demonstrate that the patient has been heard and to correct any misunderstanding or identify any important missing 
information. The clinician and the patient then agree on the patient’s primary concerns and functional limitations that 
guide the functional behavioural assessment. 

Functional 
behavioural 
assessment 

The behavioural assessment is directed toward postures and movements associated with valued functional tasks (i.e. rolling 
over in bed, driving, cooking, gardening, lifting children, walking, cycling, running) nominated by the patient during the 
interview as being painful, feared, and/or avoided. 
1. Assessment of nominated painful, feared, and or avoided functional tasks 

Careful observation is made of the behavioural strategies adopted during the functional tasks nominated to be painful, 
feared or avoided. This observation includes: the presence of sympathetic nervous system responses (e.g. rapid apical 
breathing), protective and safety behaviours (e.g. tense postures, movement guarding and avoidance, breath holding, 
propping with hands on knees during forward bending) and postural control strategies adopted (e.g. forward bending and 
lifting while maintaining the lumbar spine in lordosis versus initiating the movement from the lumbar spine). Palpation is 
performed during these tasks to assess: levels of tissue sensitivity over the region of pain, trunk muscle guarding, and 
respiratory patterns. Each patient is questioned about their beliefs, feelings, body perceptions, and pain responses while 
performing these tasks. This approach facilitates assessment of the individual’s sensitivity profile (e.g. pain responses to 
palpation, posture, movement, and load) and the presence of protective and safety behaviours during functional tasks as 
well as beliefs and emotions directly linked to these functional tasks. 
For example, if the patient nominated sitting, transitioning from sitting to standing, forward bending and lifting as painful 
or feared tasks – then all these functional tasks are assessed. On the other hand, if sleeping postures, rolling over in bed 

https://doi.org/10.1093/ptj/pzy022
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and walking are nominated, they are all assessed. Movement control strategies adopted and the presence of protective and 
safety behaviours are observed during the tasks to help direct the guided behavioural experiments. 
During the assessment, the patient’s spine and hip range of movement are assessed, and when indicated, neural tissue 
sensitivity and neurological examination screened.  

 
2. Guided behavioural experiments: 

The observations of the nominated functional tasks then form the basis of a series of guided behavioral experiments. These 
explicitly seek to reduce sympathetic responses (i.e. via relaxed diaphragmatic breathing), lessen protective and safety 
behaviours if present (e.g. body relaxation, body awareness, and control), and modify movement patterns if they were 
pain-provocative (e.g. postural and movement adjustment via the pelvis and thorax) prior to and while gradually exposing 
patients to their nominated feared, avoided, and / or painful tasks.  
Graded exposure in patients who are highly fearful may first include movement visualisation followed by breaking down 
the components of the task prior to performance of the actual task. For example, if the patient reported pain and fear during 
forward bending and they were observed to hold their spine in lordosis with breath holding and hand propping, a common 
progression would be to: (i) first teach relaxed diaphragmatic breathing in crook lying while visualising relaxed lumbar 
flexion during forward bending and lifting, (ii) relaxed hip flexion in supine, (iii) posterior pelvic tilt in supine, (iv) sitting 
with posterior tilt and thoracic flexion to facilitate spinal flexion, (v) sitting with elbows relaxed on their knees, (vi) sitting 
with trunk flexion to touch the floor, (vii) squatting with a relaxed round back, (viii) relaxed forward bending with lumbar 
flexion and diaphragmatic breathing, and (ix) non-protected lifting. 
During this process, the patient is reassured that the movements are safe and pain (where serious pathology is excluded) 
is not an accurate sign of tissue damage. Behavioural experiments use visual feedback (e.g.clinician demonstration, mirrors 
and video) and clinician-directed, hands-on feedback to facilitate modifying body control and/or relaxation (e.g. the legs, 
pelvis, thorax, and head). Consideration is also given to a patient’s directional pain responses to movement in order to 
facilitate exposure to valued and avoided activities in a less pain-provoking manner, when possible. For example, if the 
patient is sensitised to extension lumbar spine movements and postures, then a focus is placed on relaxing the lumbar 
spine into flexion via postural adjustment to the pelvis and thorax in order to reduce sensitisation during functional tasks. 
Pain reduction is commonly reported during this process. In cases for whom pain is not controllable, the patient is 
encouraged to engage in meaningful activities with a focus away from pain, reassuring them that they are safe, while 
encouraging normalised functional movement without protective and safety behaviours.  
During these guided behavioural experiments, attention is brought to discrepancies between the patient’s pain expectations 
and actual pain experiences in order to disconfirm their belief that movement is threatening and should be avoided and 
protected. This approach can powerfully demonstrate to the patient that moving and loading the spine without protection 
and avoidance is safe and that pain responses are controllable. It also provides an opportunity for the clinician to reflect 
on the resilience and strength of the spine, and highlights a pathway for achieving valued goals. These experiments provide 
a powerful experiential learning opportunity for the individual and clear directions for management.  
Care is taken not to cause undue escalation of pain or emotional distress, so as not to reinforce the belief that pain escalation 
and functional engagement are coupled and uncontrollable. 
The process may elicit strong emotional responses, anxiety, and occasionally panic. In these situations, the clinician 
remains calm and empathetic, acknowledging the patient’s distress, reflecting on its origin, and reinforcing the safety of 
the patient. 
Reducing protective / safety behaviours and changing postural and movement control strategies during exposure may also 
demonstrate to the patient areas of muscle weakness during non-protected movement. A common example of this is where 
a patient forward bends without using hands to support their body, they commonly become aware of weakness of the 
lower limbs. 
In the absence of observed protective and safety behaviours during exposure, and where there are no postural and 
movement control strategies associated with a patient’s pain, the focus is placed on building confidence to engage in 
valued activities without specific attention to the way they move.  

 Multi-dimensional framework to plan CFT  
Following the screening questionnaires, interview and functional behavioural assessment, the clinician estimates the 
relative contribution of the various multi-dimensional factors within 8 key domains (Figure 1), in order to individualise 
the patient’s care, with respect to their goals.   

 
Figure 1: Illustrates the multidimensional profile of two different patients with persistent, disabling LBP. The profiling is 
used to facilitate person-centred individualised care. 

 
 
 

 

CFT 
interventio
n 

Three aspects of the CFT intervention provide a framework for person-centred care. Central to this is validation of the 
patient and their condition and a clear outline of their goals. 
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 Making sense of pain: this is a reflective process that incorporates information from the patient screening questionnaires, 
interview and guided behavioural experiments to help patients develop a biopsychosocial understanding of their pain 
through the lens of their own story and experiences.  
 
During this process, using their own narrative, patients are helped to understand that their condition is associated with a 
vicious cycle of contributing factors. Common elements include: 
- Cognitions (i.e. pain = damage, protective and avoidance beliefs, pain vigilance, low pain-self efficacy, loss of hope), 
- Emotions (i.e. pain-related fear, distress, low mood, frustration, anger), 
- Behavioural responses (i.e. provocative movement and postural patterns, protective, safety and avoidance behaviours, 
poor pacing leading to a ‘boom and bust’ cycle), 
- Body and sensatory responses (i.e. loss of body awareness and control, stiffness, hypersensitivity to touch and 
movement), 
During this process, any unhelpful pain beliefs are discussed and evidence-based information provided (i.e. beliefs about 
imaging, movement protection and activity avoidance). 
 
This process allows patients to reflect on new and helpful ways to respond to pain and develop a plan to reach their goals. 
While the detail is based on the patient’s unique contributors (Figure 1), some important elements include: 
- Cognitions (i.e. persistent pain in the absence of serious pathology is NOT usually an accurate sign of tissue damage, it 
is a sign of sensitisation of spinal structures; moving and engaging in valued activities without protecting the back is safe 
and beneficial; developing self-care strategies builds confidence to take control; role of the clinician is coach not ‘fixer’); 
- Emotions (i.e. developing confidence to engage in avoided and ‘protected’ movements, and valued activities, reduces 
fear and distress, engaging in valued activities including physical activity, work, and social situations improves mood); 
- Behavioural responses (i.e. learning to relax if tense, and move without protecting the back is safe and healthy for the 
back; a graded pathway to re-engaging with valued activities is key to recovery; good sleep habits and regular paced 
physical activity improves spine health); 
- Body and sensatory responses (i.e. developing body awareness and control of the back and body increases confidence; 
tension, stiffness, sensitivity to movement are modifiable and will reduce with time; pain ‘flares’ are usually not a sign of 
damage, rather they are related to sensitisation of spine tissues). 
 
(2) Exposure with ‘control’: This is a ‘graded exposure’ model, that uses guided behavioural experiments to reduce 
protective, safety and avoidance behaviours to provide pain control and build confidence to re-engage with painful, feared 
or avoided movements, postures and valued functional tasks. Patients are provided with home exercise strategies. These 
are individualised to the patient’s presentation. Common elements based on a patient’s presentation include: 
- Reduce sympathetic arousal (i.e. relaxed diaphragmatic breathing) where the patient presents with rapid apical breathing, 
is distressed and tense,  
- Lessen protective and safety behaviours during feared and painful postures and movements where present (i.e. body 
relaxation without breath holding or propping off the hands when forward bending), 
- Facilitate body awareness and control when the patient’s postural and movement control strategies are identified as pain-
provocative, 
- Gradually re-engage the patient in valued movements and activities that were previously avoided by rehearsing them 
(from least to most threatening) in the clinical setting.  
During this process, feedback is given via the use of mirrors and/or video on their mobile phone. 
To promote generalisation, the new strategies are implemented immediately into valued daily living activities (from least 
to most threatening). This helps to develop self-efficacy and overall strength and body conditioning. 
Where a boom and bust cycle of activity engagement and pain escalation presents, clear pacing strategies are used.  
 
(3) Lifestyle change: This focuses on developing healthy lifestyle habits where relevant and could include:  
- graded physical activity based on the patient’s goals and activity preferences, aiming for at least 150 min physical activity 
per week (i.e. if the patient’s goal was to swim, walk, ride a bike or dance, a graded plan is provided to develop confidence 
to engage in the activity). 
- improving sleep habits – where sleep is disrupted, strategies are explored to improve sleep habits, and adopt non-
protective, relaxed postures and non-provocative movements and postures in bed. 
- stress management strategies, such as meditation and relaxation techniques, are provided if the patient reports high levels 
of stress and difficulty in relaxing.  
- exploring opportunities to engage in valued social activities is encouraged where social avoidance is identified. 
- if weight loss is identified by the person as a goal for their care, the importance of their whole health is emphasised and 
they are directed to appropriate online resources.   
The three aspects of the CFT intervention (making sense of pain, exposure with control and lifestyle factors) are clearly 
written out on a form (including exercise dose), and emailed to the patient, along with links to resources to educate them 
about their condition (i.e. Back facts infographic (http://dx.doi.org/10.1136/bjsports-2019-101611) and links to an 
educational YouTube video called Facts and fiction of back pain (https://www.youtube.com/watch?v=dlSQLUE4brQ)). 
Other personally relevant links are provided as indicated to educate individual patients about the role of factors, such as 
movement, physical activity, sleep and meditation (https://painhealth.csse.uwa.edu.au).  
 
Treatment progressions: 
Over the course of the treatment sessions, the new and helpful pain cognitions, emotions and behaviours are assessed. Any 
concerns, worries or fears are discussed, and goals reassessed. All aspects of the program are reviewed and gradually 
progressed based on whether the patient has: developed pain control and confidence with the new movement strategies, 
generalised these strategies to re-engage with valued activities, adopted healthy lifestyle behaviours and is reaching 
towards their goals. Treatment progressions are guided by the goals established by the patient, and their confidence to 
engage with valued activities. The time between sessions gradually increases (from 1 to 2 or 3 weeks apart) to encourage 
the patient to self-manage their condition. Personalised pain exacerbation (flare up) strategies are provided. Patients are 
discharged from treatment when they report pain control and confidence to engage in their valued activities, and their 
goals have been reached. A six-month booster session provides an opportunity to assess the patient’s progress including 
their conceptualisation of  pain, self-management strategies and to reassess and progress their goals, where relevant. 

https://www.youtube.com/watch?v=dlSQLUE4brQ)
https://painhealth.csse.uwa.edu.au/
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Cross-referral to the patient’s general medical practitioner or psychologist occurs at any time during the CFT intervention 
where unresolved trauma, high levels of anxiety, depression, distress or suicidality intentions were disclosed and the 
patient agreed. 

Case 
examples 

The following two cases outline how the interview, functional behavioural assessment and multidimensional clinical 
reasoning were used to facilitate individualised, person-centred care within a CFT framework. 
 
Example case 1: 
Jane is a 72-year-old female with a 2-year history of disabling persistent LBP, that developed gradually after undergoing 
a total knee replacement. She reported undergoing various treatments (osteopathy, chiropractic, pharmacology) without 
long-term benefit. Her CT scan reported widespread severe degenerative changes in the lumbar spine but with no nerve 
compression. Based on the scan, she was informed that she had advanced spinal arthritis and she would have to live with 
her condition. She was instructed to avoid any movements and activities that caused her back pain. She reported becoming 
progressively disabled by her LBP and had become fearful and avoidant of sustained sitting, bending, and lifting. This 
limited her ability to travel in the car, cook, do housework, garden, walk and engage in social activities with her friends. 
Her goals for treatment were to develop strategies to reduce her pain to allow her to sit, walk, garden, cook, do house-
work and socialise with friends. 
Screening questionnaires:  
Short form Orebro Questionnaire: Score - 62/100. Individual items revealed elevated stress, anxiety, depressed mood, as 
well as the beliefs of pain persistence and fear avoidance of painful movements and activities. 
Patient-Specific Functional Scale: her three most pain-related functional impairments were: sitting, bending and lifting. 
Based on the screening, interview and functional behavioural assessment, the multi-dimensional profile of her presentation 
and the contribution of the different domains was estimated (Figure 2). A summary of her multi-dimensional contributors 
is below. 
 

 Cognitive factors: pain-related damage beliefs ‘I have been told my back is worn out, that I need to protect it and avoid 
movements and activities that cause pain’, pain vigilance ‘I focus on my pain to protect my back’, belief that movement-
related pain should be avoided ‘I avoid bending, lifting and walking due to pain as I am fearful of doing harm’, and low 
pain self-efficacy ‘I have no confidence in my back’. 

 Emotional factors: high levels of pain-related fear and emotional distress ‘I fear sitting, bending, lifting and walking’, ‘I 
worry I will end up in a wheel-chair’; low mood ‘I get down because I can’t do the things in life that give me joy like 
cooking, housework, gardening and socialising’. 

 Physical factors: sympathetic arousal (rapid apical breathing at rest) and tense postures with sitting and standing (postured 
lumbar spine in hyperlordosis with anterior pelvic tilt and an extended thoracic spine), sensitivity to extension postures 
and movements, guarded movement during forward bending and lifting (posturing spine in lordosis, breath holding and 
propping hands on thighs). Guided behavioural experiments demonstrated that with teaching: diaphragmatic breathing, 
relaxing her back to be more flexed via control of the pelvis and thorax, and reducing her protective and safety behaviours, 
she experienced reduced pain during sitting, standing, forward bending and lifting. 

 Pathoanatomical factors: normal age-related changes on CT scan. 
 Lifestyle factors: avoidance of physical activity (walking, gardening and exercise classes). 
 Social factors: good support from husband and family, but avoidance of social events where she had to sit for extended 

periods.  
 Sensory factors: local hyperalgesia of the lower lumbar spine and pain escalation with repeated ‘protective’ forward 

bending and lifting. 
 Health factors: over-weight and high blood pressure. 

 
Figure 2a: Illustrates the clinician’s estimate of Jane’s multi-dimensional profile at the first session. 
(1) Making sense of pain: The clinician validated Jane, by acknowledging her pain, distress and functional limitations, 

and highlighting her goals for treatment. On the basis of the screening, interview and functional behavioural 
assessment, the clinician explained to Jane how her unhelpful thoughts, behaviours, body and emotional responses 
had contributed to setting up a vicious cycle of pain, disability and distress. 
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Figure 2b: Illustrates the formulation used to help Jane make sense of her back pain. 
 
During this process, unhelpful pain beliefs were discussed and evidence-based information provided. For example, the 
prevalence of similar imaging findings in asymptomatic people of her age was discussed, the importance of movement 
and activity for the health of her back and the fact that pain is not usually a sign of damage. She was also able to reflect 
that during the examination when relaxing her back away from extended postures and not-protecting it, she experienced 
reduced pain when sitting, standing and bending. This highlighted that her pain was modifiable, and that she had developed 
some unhelpful postural and movement habits that were provoking her pain. 
Following this, new and helpful ways of reconceptualising and managing her condition were discussed through the lens 
of her goals.  
- Cognitions – i.e. ‘Pain is not an accurate sign of damage, you can develop confidence to take control over your pain and 
your  life, you will not end up in a wheelchair’, ‘It is safe to move and engage in valued activities even if they hurt’; 
- Emotional responses - i.e.  ‘Learn to breathe, relax, stay calm and engage in valued activities without fear of doing 
damage’; 
- Behavioural responses - i.e. ‘Learning to relax and control your body builds confidence to sit, bend, lift, and re-engage 
with valued activities such as walking, gardening, housework and social events’. 
- Body and pain responses – i.e. ‘When you relax and control your body and don’t protect it, you feel freer and have less 
pain’ 
 
 
(2) Exposure with ‘control’ 
 Jane’s initial home exercise program included:  
a. Sitting: relaxation of her lumbar spine posture (less extended) during sitting with slow diaphragmatic breathing (5 
minutes). 
b. Sit to stand: moving from sitting to standing without using her hands, with a less extended back and without breath 
holding (3x10 repetitions).  
c. Standing: she was guided to adopt more relaxed standing postures with less anterior tilt and thoracic extension. 
c. Forward bending: she was guided to forward bend with a more relaxed back, allowing her spine and hips to flex without 
bracing her abdominal wall. She was guided to return to upright, focusing on engaging her legs while keeping her back 
relaxed and not propping off her hands (3x10 repetitions). 
d. Lifting: she was guided to lift 1 kg off the floor with knees slightly bent, a relaxed round back and without protective 
guarding, driving power up through her legs on return to standing and not propping off her hands (3x10). 
Generalisation: Jane was encouraged to use these new strategies over the week while sitting traveling in the car, getting 
out of chairs, cooking, emptying the dishwasher and using the washing machine (valued activities she previously avoided). 
If she experienced pain escalation or distress during the activity, she was encouraged to stop, relax, breathe, become aware 
of her body control and repeat the activity with the reassurance that she was not harming herself. 
The exercises were filmed on her phone along with clear verbal instructions reinforcing that the activities were safe and 
showed how to modify her body control and not to engage in protective and safety behaviours while doing them.  
(3) Lifestyle change:  
Jane was encouraged to go for a walk each day for 20 minutes after doing her exercises, with a focus on body relaxation 
and reassured that it was safe even if it caused some discomfort. 
The three aspects of the program were written out and emailed to Jane, along with links to resources to educate her 
about her condition (Back facts infographic - http://dx.doi.org/10.1136/bjsports-2019-101611) and links to an 
educational YouTube video called Facts and fiction of back pain (https://www.youtube.com/watch?v=dlSQLUE4brQ)). 
Treatment progressions: 
After a week, Jane reported a positive shift in her mindset endorsing the new understanding of her condition, greater body 
awareness, and increased confidence in sitting, washing, housework and walking.  She also reported a 50% reduction in 
LBP. She had read the ‘Back fact’ resource and watched the video, reporting that she found this helpful to reflect on over 
the week. She identified that while walking up and down stairs, she had  become aware that her balance was poor and her 
legs were weak and she wanted exercises to work on this. She also reported that she lacked confidence with heavy lifting 
and gardening which were her goals. 
 Treatment progressions over 12 weeks involved:  

a. Bending and twisting movements to mimic gardening. 
b. Lifting heavier objects (grading up from 3 to 10kg) from various positions and with various body postures with 

a focus on leg strength and non-protective back movements. 
c. Step-up and step-down exercises to develop strength and balance. 
d. Squatting and lunging exercises to build strength and confidence for gardening. 
e. Gradual increase in walking up to 45 min 5x per week with an introduction of bush walking at 8 weeks. 

On the 5th session (12 weeks) she reported she no longer worried about back pain, she was confident to bend, lift and sit 
for long periods. She had reached all her goals of sustained sitting at social events, cooking, housework, gardening and 
bush walking. She reported confidence to self-manage her condition. Pain exacerbation ‘flare up’ strategies were discussed 
and written down. This focused on her responding to any future flare ups with the confidence to continue to relax, move 
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and keep active. At 6 months, Jane reported that she had little back pain, full confidence to engage in all her valued 
activities. She reported that she had lost 13 kg, was bushing walking, gardening, attending yoga and an exercise class 
weekly. Her Orebro score was 22/100, she reported a positive mindset and no fear or avoidance of movements or activities. 
She did not demonstrate any protective or safety behaviours bending, lifting or walking up and down stairs. This was 
positively reinforced together with her pain exacerbation plan.   

 
Figure 2c: Illustrates the clinician’s estimate of Jane’s multi-dimensional profile pre (black shade) and post (grey shade) 
CFT intervention. 
 
Example case 2: 
Joe is a 22-year-old male electrical apprentice with an 18-month history of persistent disabling LBP with widespread 
‘tingling’ sensations into both legs. He reported that his pain developed after slipping and landing on his back playing 
volleyball 18 months ago and the symptoms had not resolved. He had undergone various treatments (physiotherapy, 
epidural injections, pharmacology) without long-term benefit. His MRI scan showed moderate L5/S1 disc degeneration 
with a broad-based disc bulge, but with no nerve compression. He had been reviewed by an orthopaedic surgeon and 
neurosurgeon who both advised him that while surgery was not indicated, he should not work in a manual job or play any 
competitive sports as they could result in more damage to his spine. He reported becoming progressively disabled by LBP 
and bothered by his sensory symptoms in his legs. He had become fearful and avoidant of lifting, running, and sport 
activities, and he was not coping with work. He also reported becoming withdrawn from social activities, that his sleep 
was disturbed and his mood was very low. While his goals were to finish his apprenticeship and return to running, gym 
exercise and volleyball, he had little hope of achieving this. 
Screening questionnaires:  
Short-form Orebro Questionnaire: Score - 76/100. Individual items indicated high levels of stress, anxiety, depressed 
mood,  beliefs in pain persistence, avoidance of work and fear avoidance beliefs regarding doing painful movements and 
activities. 
Patient-Specific Functional Sale: his three most pain-related functional impairments were: lifting, jumping and running. 
 
Based on the interview and functional behavioural assessment, the multi-dimensional profile of his presentation and the 
contribution of the different domains was estimated. A summary of his multi-dimensional profile is illustrated below. 
 
1. Cognitive factors: pain-related damage beliefs ‘I have been told my back is degenerated and I believe the disc bulge is 
pinching the nerve’, ‘I need to protect my back and avoid heavy lifting and loading activities’, pain vigilance ‘I scan my 
body and focus on my symptoms all the time - this is exhausting’; belief that spine loading should be avoided ‘I avoid 
heavy lifting, running, jumping and sport as I am fearful of doing more damage’; and low pain self-efficacy ‘I have no 
confidence to finish my apprenticeship and can’t see myself ever getting back to sport’. 
2. Emotional factors: high levels of pain-related fear and emotional distress ‘I fear heavy lifting and loading my back’, 
very low mood ‘I get down because I can’t do the job and sports that I love – I don’t hang out with my friends as they are 
linked to volleyball’. 
3. Physical factors: sympathetic arousal (rapid apical breathing at rest sitting), full pain-free range of spinal movement in 
all directions, no sign of neural sensitisation, and normal neurological examination. Guided behavioural experiments 
demonstrated that Joe was able to flex, extend, rotate and side bend his spine, lift 10 kg off the ground, jump, lunge, hop 
and run on the spot with no report of pain or signs of protective guarding. Some generalised leg weakness was observed 
with squatting, lunging and hopping. However, he reported anxiety and fear when doing the loaded activities as he believed 
he could damage his back. He had no signs of neural tissue sensitivity on straight leg raise and slump tests and he had 
normal neurology. 
4. Pathoanatomical factors: MRI: L5/S1 disc degeneration with a broad-based disc bulge but with no nerve compression. 
5. Lifestyle factors: avoidance of physical activity (running, gym work, volleyball) apart from work, poor sleep habits 
(staying up late at night on his phone). 
6. Social factors: good family support, but avoidance of social activities with friends.  
7. Sensory factors: no palpation, movement or loading sensitivity as observed during the functional behavioural 
assessment. 
8. Health factors: none. 
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Figure 3a: Illustrates the clinicians’s estimate of Joe’s multidimensional profile at the first session. 
 
(1) Making sense of pain: The clinician validated Joe, acknowledging his symptoms, distress and functional limitations, 
as well as his hopes and goals. On the basis of the screening, interview and functional behavioural assessment, the clinician 
explained to Joe how unhelpful thoughts, emotional responses and avoidance behaviours can set up a vicious cycle of 
ongoing symptoms and disability: 

 
Figure 3b: Illustrates the formulation used to help Joe ‘make sense’ of his back pain. 
During this process, Joe was shown his MRI scan and the fact that he had no nerve compression was emphasised. The 
prevalence of disc degeneration and disc bulges in pain-free people was discussed in light of the fact that he had full pain-
free movement, functional capacity, no signs of nerve sensitivity and normal neurology. These all confirmed that he had 
a healthy back he could trust to load and he didn’t have a pinched nerve. It was also emphasised that gradually loading the 
back made it stronger. 
While Joe found this information hard to accept, he agreed to engage in the CFT program. 
The clinician outlined to Joe a NEW and helpful way of conceptualising his symptoms.  
- Cognitions - ‘the MRI scan findings are common in young people without back pain’, ‘the nerves show no sign of being 
pinched’, ‘it is safe to load your back in a graded way’, ‘focusing on goals is more helpful than focusing on symptoms’,  
- Emotions – ‘building confidence to load your back will reassure you that your back is healthy, getting back to valued 
activities, exercise and sport will help you feel less anxious and improve your mood.’ 
- Behavioural responses – ‘developing a graded plan to build capacity to lift, run, jump and play volleyball will make your 
back stronger. This will reconnect you to your friends. Developing healthy sleep habits helps mental health.’ 
- Body sensations – ‘learning to focus on valued goals, having fun, being social, getting good sleep reduces the focus on 
the sensations that worry you.’ 
(2) Exposure with ‘control’ 
 Joe’s initial home exercise program included:  
a. Lifting 10 kg weights – squats (x30), deadlifts (x30), lunges until fatigue (x20 each leg). 
b. Jump squats – until fatigue (x30) 
c. Running on the spot with high knee lift 1 min (5 sets with a minute’s rest between sets). 
As Joe did not present with any pain provocative movement patterns, protective and safety behaviours, he was encouraged 
not to focus on his back during the exercises and just enjoy feeling his body move and load in a natural way. The exercises 
were filmed on his mobile phone with clear verbal instructions that they were safe.  
Generalisation: Joe was encouraged to use his back naturally and not avoid lifting at work.  
(3) Lifestyle change:  
Joe was encouraged to get back to the gym 3x per week to build up his fitness: exercise bike (10 min), treadmill incline 
walking (10min), cross trainer (10 min), rowing machine (5 min), step ups (5 min) and incorporate the exercises into the 
program. On alternate days, he agreed to get out for a brisk walk after work for 30 min. 
He agreed to develop healthier sleep habits, go to bed earlier and read a book before sleep rather than look at his phone. 
He was also encouraged to look for opportunities to socialise with his volleyball friends. 
The three aspects of the program were written out and emailed to Joe, along with links to resources to educate him about 
his condition (Back facts infographic - http://dx.doi.org/10.1136/bjsports-2019-101611) and links to an educational 
YouTube video called Facts and fiction of back pain (https://www.youtube.com/watch?v=dlSQLUE4brQ) that describe 
people’s journeys out of persistent disabling LBP. 
Treatment progressions: 
After a week, Joe reported feeling more hopeful. He was surprised that with all the exercise and back loading, his 
symptoms felt better. His mood was better and he felt more confident to load his back. He was still worried about his 
symptoms and was still fearful of damage, but was motivated to progress the program.  
Progressions over 6 weeks involved a gradual increase in spine loading and exercise intensity in line with Joe’s goals:  

a. Gradual increase in weights with squats, deadlifts and lunges (20kg). 
b. Box jumps 
f. Shuttle runs 
g. Jump squats 
h. Jump and ‘spike’ exercises (volleyball simulation exercises) 

https://www.youtube.com/watch?v=dlSQLUE4brQ)
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On the 4th session (7 weeks), Joe reported feeling stronger, fitter and more confident to load his back. He reported less 
back pain, however he felt anxious about the leg sensations that presented when he sat for more than 20 minutes and when 
he lay in bed at night. It was noted that Joe had rapid, shallow breathing in lying and sitting. When he was guided to adopt 
slow, relaxed diaphragmatic breathing, he noticed a reduction in his leg symptoms and a sense of calm. Based on this, he 
was provided with diaphragmatic breathing exercises to slow his respiration rate and relax his body – both in lying and 
sitting. He was encouraged to spend 10 minutes in sitting and lying once a day to practise this – and when he noticed his 
symptoms, he was to use relaxed breathing as a strategy to respond to them. He was also encouraged to start running 
(initially 10 minutes and building up each week by 5 minutes) and make a plan to resume social volleyball. 
At session 7 (week 12), Joe reported that he was back playing social volleyball, he was running 30 min twice a week, was 
at the gym 3x per week, was socialising with his friends and feeling less anxious. He was feeling more confident and 
happy, and was less focused on his symptoms. He was sleeping well and he felt confident to finish his apprenticeship. 
His Orebro score was 36/100, he reported positive pain beliefs, low levels of fear of movement, stress, anxiety and 
depression.  His progress was positively reinforced and a plan was mapped to maintain his levels of activity, volleyball, 
social engagement, relaxation techniques and healthy sleep habits. A symptom exacerbation plan that reinforced his self-
care strategies including relaxation, healthy sleep habits and activity engagement was reinforced. 
At 6-month follow up, Joe reported that he had very little back or leg symptoms – and only felt them when he was stressed, 
tired or had little sleep. He was back playing volleyball, going to the gym, confident at work and feeling happy that he no 
longer had a back problem. 

 
 
Figure 3c: Illustrates the clinician’s estimate of Joe’s multi-dimensional profile pre (black shade) and post (grey shade) 
CFT intervention. 
 

 
 
 
 
 
 
 

Table A2. Example of movement sensor use in a clinical case 
 

The following are examples of movement sensor assessment and biofeedback are in the hypothetical circumstance that the case of the 72-
year-old female detailed in Table A1 had been randomised to CFT-biofeedback group. 
Day one 
Movement sensor assessment 
• On assessment of a functional task such as bending forward, the physiotherapist would identify limited flexion on observation, and 

note the limited range in the movement data (i.e. T12 angle, S2 angle, and the inter-sensor angle that approximates the lumbar 
spine movement). 

• They would have a discussion with patient about movement pattern, movement restriction, and relationship to pain. 

Day 2 onwards 
Real-time training with movement sensors 
• Based on the guided behavioral experiment, the physiotherapist would use the movement sensor data (displayed on an iPad screen), 

to demonstrate to the patient the change in flexion range when comparing ‘old’ vs ‘new’ movement pattern during forward 
bending. 

• The physiotherapist used the iPad screen to demonstrate to the patient their improvement (or lack thereof) between sessions. 
• The physiotherapist could set up biofeedback sessions for when the patient was out of the clinical environment (their 

home/work/leisure environments). For example, they could set up: 
o Activity goals, such as increasing general movement, avoiding sustained static positions 
o Biofeedback alerts, for example avoiding upright sitting and encouraging relaxed sitting 
o Reminder notifications, such as ‘pain does not mean damage’ and ‘activity is safe’ 
o Reminder notifications with home exercise training, such as pelvic tilt into relaxed sitting 

 
 
The movement sensor software used in the RESTORE trial was still under development, with a limited feature-set at that time. It may be 
that future clinical trials will include movement sensor software with a greater feature set. 
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Table A3. Reasons for exclusion of potential participants 
 

519 people did not meet inclusion criteria 

95 had less than moderate pain interference 

85 had an average pain intensity 0-3 

61 declined to proceed through the full screening process 

45 had major surgery planed during treatment period 

40 screening not fully completed by time recruitment target was reached 

37 had serious spinal pathology 

32 had a significant allergy to adhesive tape 

31 had LBP of less than 3 months episode length 

27 had diagnosed medical conditions that would prevent them from being physically active 

16 did not have adequate English 

12 had a third-party compensation claim for the LBP and could not get permission to participate in the trial 
from both their GP and case manager 

11 declined to give consent  

10 first sought care less than 6 weeks ago 

8 were underage 

3 had unstable mental health conditions 

2 were pregnant 

2 were lost to contact 

2 were excluded due to ethical considerations 
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Table A4. Cognitive Functional Therapy training components in the RESTORE clinical trial 
 

Training towards competency 

Trainers Two titled specialist musculoskeletal physiotherapists (POS the developer of Cognitive Functional Therapy and JPC a 
credentialled Cognitive Functional Therapy trainer).  

Content Content of the training including: key components, content outlines, and competency assessment. 
 

• Knowledge: Understanding and observing 
Workshop 1 (2 days):  
The workshop presented an overview of the multidimensional nature of persistent disabling low back pain; patient-
centred care principles, patient interview, functional behavioural assessment, the use of a clinical reasoning framework, 
and Cognitive Functional Therapy (CFT ) management planning. This workshop was based on the CFT paper 
(O’Sullivan et. al. 2018). Video and audio of real patients with persistent disabling low back pain were used to 
demonstrate interview techniques and common patient presentations and responses. 
A live patient demonstration with a person with persistent disabling low back pain illustrated the use of screening, patient 
interview, functional behavioural assessment, use of a clinical reasoning framework, and CFT management. This was 
followed by a discussion of the case highlighting key aspects of each component of the process. The clinical reasoning 
framework was utilised to discuss the multiple factors that contribute to this person’s pain presentation and how they 
could be targeted within the CFT framework.  
 

• Skill development training: role play and practice 
Workshop 2 (2 days): 
 The two-day workshop consisted of training skills in patient screening, interview, functional behavioral assessment, 
clinical reasoning and CFT management. More specifically this included: 
- Providing person-centred communication and care, capturing the patient story, validating communication and 
motivational techniques, 
- Sensitively exploring a patient’s pain and body responses, behavioural responses, pain coping strategies, cognitive, 
emotional, social and lifestyle factors,   
- Goal setting, establishing patient expectations for treatment and summarising their story, and 
- Training in conducting behavioural experiments in a range of presentations and developing CFT management plans: 
including ‘making sense of pain’, graded exposure with control progressions, and lifestyle change strategies.  
In these sessions, video and audio clips of real patients were used to illustrate different communication styles and skills, 
and real clinical presentations were used to role play skills.  
 

• Developing CFT competency skills with patients 
Subsequent workshops: 3-5 (2 days each) 
In every workshop, each physiotherapist assessed and treated a patient with persistent disabling low back pain in front 
of a trainer and the other physiotherapists. Support from the trainer during this process was provided where asked for or 
when considered needed. At the end of the session the case was discussed as a group. The patient examination and 
treatment were videoed and the physiotherapist was asked to provide reflections on the case using the competency 
checklist as a guide, before the feedback was provided. The trainer provided personalised written feedback to the 
physiotherapist about their communication, interview, functional behavioural assessment and CFT treatment. In addition, 
a competency checklist (Simpson et. al. 2022) was used to identify key areas in which the physiotherapist required further 
development. The physiotherapist was then encouraged to watch the video and reflect on the feedback. 
 

• Competency assessment: (2 days) 
On the final two-day workshop each physiotherapist assessed and treated a patient with persistent disabling low back 
pain in front of a trainer and the other physiotherapists and was assessed for competency based on the competency 
checklist. If the physiotherapist was not considered competent across all the key domains, they were provided feedback 
as described above and were reviewed again for competency after another 6 weeks, by providing a video of them 
assessing and treating a patient with disabling low back pain in their clinic. 

Format / 
structure 

Workshops were used for the experiential learning components. A training manual (e-book) and online resources 
including videos of clinical encounters, patient resources, and supporting literature were used to support self-directed 
learning and serve as a reference to return to throughout the training period.  

Dose Eighty hours of workshop training (5 two-day weekend was conducted over a six-month period), plus the final 
competency assessment workshop. 
A 4-6 week gap between workshops allowed participants to integrate new clinical skills into practice 

Approach to 
skill 
development 

Experiential skills training with real patients involving: 
1.Demonstration of an initial CFT treatment session with a real patient delivered by one of the trainers (POS) (workshop 
1). 
2. Observation of video clips of real patients combined with role play and practice (workshop 2). 
3. Clinicians assessed and treated a patient in front of the group, with direct support from the trainers when necessary 
(workshops 3-5). 
4. Access to view videos of a variety of patients with persistent disabling low back pain being assessed and treated by 
POS. 

Supervision Direct supervision provided during workshops. Formative feedback was given to each physiotherapist after their patient 
demonstration from a pre-defined competency checklist.  
Indirect supervision was provided by the trainers throughout the training. A closed Facebook group was used to allow 
physiotherapists to share self-reflections on workshops days, experiences on patient interactions and new learnings, as 
well as ask clinical questions. The trainers were also part of the Facebook group and would provide ongoing support 
throughout the training via responses to the Facebook group, telephone and email where needed. 

Individualised 
feedback 

All physiotherapists received personalised feedback on the patients they assessed and managed in front of the group. 
Feedback was based on the skills demonstrated during the clinical encounter using a pre-defined competency checklist 
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as a guide. Trainers then provided further resources and guidance on areas the physiotherapists needed to develop 
between training sessions. Further discussions occurred after the physiotherapist reflected on the feedback. 

Scope of 
practice  

Training on scope of practice, including when to refer to other disciplines.  
High levels of social distress, generalized anxiety, severe depression, disclosure of unresolved trauma and suicidality 
were triggers for referral to the patient’s general medical practitioner and/or a psychologist. 

Achieving competency 

Competency 
assessment 

Competency assessment was performed at the end of the training. Physiotherapists were assessed by the trainers during 
an observed clinical session with a patient with persistent disabling low back pain selected at random. In the context of 
the trial, two physiotherapists did not achieve competency on the assessment day and were encouraged to continue to 
practice, particularly the areas where they had not reach competency based on the competency checklist. They were 
reassessed after 6 weeks and were considered competent. 

Competency 
assessment 
domains 

Competency was assessed on the following domains: patient interview, functional behavioural assessment, making sense 
of pain, exposure with control, lifestyle change, identifying barriers to care, communication style and CFT treatment 
planning. 
Physiotherapists were rated as undeveloped, developing, developed, not applicable. 

 
References:  
O’Sullivan, Caneiro JP, O'Keeffe M, et al. Cognitive Functional Therapy: An Integrated Behavioral Approach for the Targeted Management 

of Disabling Low Back Pain. 2018. Physical Therapy (98.5), p408–423, https://doi.org/10.1093/ptj/pzy022 
Simpson P, Holopainen R, Schütze R, et al. Training of Physical Therapists to Deliver Individualized Biopsychosocial Interventions to Treat 

Musculoskeletal Pain Conditions: A Scoping Review. Phys Ther 2021; 101(10). p1-13. 
https://doi.org/10.1080/09593985.2022.2151333. 
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Table A5. Participation in questionnaire follow up 
 

 Usual-care 
n=165 

CFT-only 
n=164  

CFT-biofeedback 
n=163 

3 weeks  118 (72%) 144 (88%) 142 (87%) 
6 weeks  131 (79%) 144 (88%) 133 (82%) 
13 weeks  142 (86%) 143 (87%) 138 (85%) 
26 weeks  129 (78%) 136 (83%) 135 (83%) 
40 weeks  125 (76%) 131 (80%) 125 (77%) 
52 weeks  126 (76%) 136 (83%) 129 (79%) 
 5 (3%) formally withdrew 5 (3%) formally withdrew. 

10 (6%) did not withdraw but 
attended no consultations. 

 

9 (5%) formally withdrew. 
8 (5%) did not withdraw but attended 

no consultations. 
1 (<1%) died (not trial-related) 

37/492 participants (7.5%) completed none of the six follow-up questionnaires, and in those that did the median 
number completed was 6 (IQR 5-7). The average questionnaire participation across each outcome time point 
was 408/492 (82.3%). These data are for participation in any part of the questionnaire at each specific time 
point. 
 
 
 
 
 
 
 
 

Table A6. Participants treated by trial physiotherapists 
 

City Sex Group Participants Percentage 
Perth Female CFT-only 9 3% 
Perth Female CFT-only 2 1% 
Perth Male CFT-only 14 4% 
Perth Male CFT-biofeedback 36 11% 
Perth Male CFT-biofeedback 8 2% 
Perth Male CFT-biofeedback 19 6% 
Perth Male CFT-biofeedback 17 5% 
Perth Male CFT-only 16 5% 
Perth Male CFT-only 37 11% 
Sydney Female CFT-biofeedback 8 2% 
Sydney Female CFT-only 22 7% 
Sydney Female CFT-biofeedback 3 1% 
Sydney Female CFT-only 36 11% 
Sydney Female CFT-biofeedback 18 6% 
Sydney Male CFT-biofeedback 36 11% 
Sydney Male CFT-only 12 4% 
Sydney Male CFT-biofeedback 4 1% 
Sydney Male CFT-only 4 1% 
Withdrew before attending any consultations 8 2% 
Did not attend any consultations but did not formally withdraw 18 6% 
 
Totals 327 100% 
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Figure A1. Care-seeking in the Usual-care group 
 
 
 
  

  

165 participants in  
Usual-care group 

82% (n=134) answered a question at the end of the treatment period, about their care-seeking behaviour for their 
chronic low back pain over the previous 3 months 

62% (n=83/134) did not seek health care for their 
low back pain*  

38% (n=51/134) sought care for their low back 
pain from a health care practitioner 

Of those seeking care for their low back pain: 
o The median number of consultations during the treatment period was 3 (interquartile range 5, full range 

1 to 22). 
o The most common health practitioners consulted were: 

 medical doctors 75% (n=38/51 participants), most being GPs (63%, n=32/51) 
 physiotherapists 25% (n=13/51) 
 chiropractors 16% (n=8/51) 
 massage therapists 16% (n= 8/51) 
 osteopaths 4% (n=2/51) 
 exercise physiologists 4% (n=2/51) 
 psychologist 2% (n=1/51) 
 naturopath 2% (n=1/51) 
 dietitian 2% (n=1/51) 

*Anecdotally, during the baseline interview many reported having given up on seeking care for their low back 
pain, due to a lack of effect. In a recent study of 10-year care-seeking trajectories in people with chronic 
musculoskeletal pain the largest subgroup (40%) was people with no or few annual musculoskeletal health care 
contacts (Møse et.al. Trajectories of Musculoskeletal Healthcare Utilization of People with Chronic 
Musculoskeletal Pain - A Population-Based Cohort Study. 2021. Clin Epidemiol. DOI: 10.2147/CLEP.S323903) 
 
Also, normal care-seeking behaviour may have been interrupted for some participants by lockdowns during the 
COVID pandemic. During that time, the CFT only and CFT & biofeedback follow up treatments were delivered 
via telehealth. No new patients were enrolled during the lockdown periods to ensure all patients had their initial 
consultation face to face.  
 
At baseline, 56% were taking medication for their low back pain. A separate paper will report medication use in 
each group during the treatment and follow-up periods. 
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Table A7. Between treatment group comparison of participants’ self-rated treatment adherence (0 to 10 
scores) 
 

Week CFT-only CFT-biofeedback Difference CI p 
3 7.59 (7.27 to 9.90) 7.24 (6.90 to 7.57) -0.35 (-0.82 to 0.12) 0.15 
6 7.28 (6.99 to 7.58) 7.23 (6.94 to 7.52) -0.05 (-0.47 to 0.37) 0.81 
13 7.35 (7.01 to 7.68) 7.14 (6.86 to 7.42) -0.20 (-0.65 to 0.24) 0.37 
26 6.55 (6.25 to 6.84) 6.69 (6.35 to 7.02) 0.14 (-0.33 to 0.60) 0.57 
40 6.37 (6.03 to 6.72) 6.60 (6.26 to 6.93) 0.22 (-0.20 to 0.64) 0.30 
52 6.17 (5.74 to 6.59) 6.47 (6.12 to 6.81) 0.30 (-0.26 to 0.86) 0.29 
 
Mean over time 6.90 (6.69 to 7.10) 6.90 (6.68 to 7.13) 0.005 (-0.31 to 0.32) 0.98 

Treatment adherence measured with a single question: “How would you rate your adherence to the treatment 
program your physiotherapist has recommended?”  Response options – 0=No adherence, 10=Complete 
adherence. Full Intention to Treat analysis using mixed model, as randomised, including those with no follow‐
up measures. 
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Table A8. Primary clinical outcome (Roland Morris Disability Questionnaire scores on a 0-24 scale)  
expressed as standardised mean difference 

 
 Usual-care 

(n=165) 
 CFT only 

(n=164) 
 CFT & 

biofeedback  
(n= 163) 

 

 

 

CFT only compared 
to Usual-care 
 

CFT & biofeedback 
compared to Usual-
care 

CFT & 
biofeedback 
compared to CFT 
only 

 meana (SE)  N mean (SE) N mean (SE) N SMD (95%CI) SMD (95%CI) SMD (95% CI) 
Baseline 13·3 (0.4) 165 13·3 (0.5) 164 14.0 (0.4) 163    
3 weeks 12·4 (0.5) 118 11·3 (0.5) 140 10·8 (0.5) 137 -0·22 (-0·44 to 0·00) -0·30 (-0·52 to -0·08) -0·09 (-0·28 to 0·11) 
6 weeks 12.9 (0.4) 131 9·3 (0.5) 143 9·1 (0.5) 131 -0.71 (-0·93 to -0·50) -0·73 (-0.94 to -0·52) -0·03 (-0·23 to 0·17) 

13 weeks 12·1 (0.4) 141 7·5 (0.5) 141 7·5 (0.5) 136 -0.90 (-1·11 to -0·68) -0·87 (-1·08 to -0·66) 0·00 (-0·22 to 0·23) 
26 weeks 11·7 (0.5) 127 6·9 (0.5) 135 6·9 (0.5) 134 -0.93 (-1·18 to -0·67) -0·91 (-1·17 to -0·66) -0·01 (-0·26 to 0·24) 
40 weeks 11·4 (0.5) 125 6·9 (0.5) 129 6·4 (0.5) 123 -0.87 (-1·14 to -0·60) -0·95 (-1·21 to -0·68) -0·10 (-0·34 to 0·14) 
52 weeks 11·5 (0.5) 127 6·7 (0.5) 137 6·1 (0.5) 133 -0.93 (-1·219 to -0·66) -1·02 (-1·26 to -0·78) -0·12 (-0·35 to 0·11) 

 
SE=standard error; CI=confidence interval; SMD=Standardized Mean Difference N=number of observed values at each timepoint; 
aEstimated means from intention to treat primary analysis using all cases (heteroscedastic partially-nested repeated measures three-
level linear mixed model); The primary time point (13 weeks) is in bold. 
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Table A9. Frequency of clinically important change for pain-related activity limitation (Roland Morris Disability Questionnaire 5-point reduction or greater from 
baseline#), with risk differences and numbers needed to treat for between-treatment group comparisons 
 

 Usual-care 
(n=165) 

CFT-only 
(n=164) 

CFT-
biofeedback 
(n= 163) 

CFT-only compared to Usual-care 
 

CFT-biofeedback compared to Usual-care CFT-biofeedback compared to CFT-only 

 

N/total(%) achieving MCIC  

Difference (95% 
CI)a 

p Number needed 
to treat (95%CI)a 

Difference 
(95%CI) 

p Number 
needed to treat 
(95%CI) 

Difference (95% CI) p Number needed to 
treat (95%CI) 

3 weeks 11/118 
(9%) 

34/140 
(24%) 

45/137 (33%) 16% (6 to 24%) 0·0009 6·7 (4·2 to 17·2) 24% (14 to 33%) <0·0001 4·3 (3·1 to 7·3) 9% (-2 to 19%) 0·11 11·7 (5·7 to 48·3) 

6 weeks 12/131 
(9%) 

64/143 (45%) 59/131 (45%) 36% (26 to 46%) <0·0001 2·8 (2·2 to 3·9) 36% (26 to 46%) <0·0001 2·8 (2·2 to 3·9) 0·3% (-12 to 12%) 0·96 353·5 (NE*) 

13 weeks 27/141 
(19%) 

86/141 (61%) 82/136 (60%) 42% (32 to 52%) <0·0001 2·4 (2·0 to 3·2) 41% (31 to 52%) <0·0001 2·4 (2·0 to 3·3) -0·7% (-12 to 11%) 0·91 -143·1 (NE*) 

26 weeks 28/127 
(22%) 

82/135 (61%) 84/134 (63%) 38% (28 to 50%) <0·0001 2·6 (2·1 to 3·7) 41% (30 to 52%) <0·0001 2·5 (2·0 to 3·4) 2% (-10 to 14%) 0·74 51·4 (NE*) 

40 weeks 28/125 
(22%) 

72/129 (56%) 89/123 (72%) 34% (22 to 45%) <0·0001 3·0 (2·3 to 4·6) 50% (39 to 61%) <0·0001 2·0 (1·7 to 2·6) 17% (-5 to 28%) 0·0054 6·05 (3·6 to 21·3) 

52 weeks 31/127 
(24%) 

86/137 (63%) 95/133 (71%) 38% (27 to 50%) <0·0001 2·6 (2·1 to 3·8) 47% (36 to 58%) <0·0001 2·1 (1·8 to 2·8) 9% (-3 to 20%) 0·19 11·6 (5·1 to 39·2) 

aEstimated with logistic regression with post‐estimation of adjusted risk difference; Analysis as randomised using observed data. MCIC=Minimal Clinically Important Change. Number 
needed to treat CI calculated using Bender’s method. NE* non-estimable. The primary time point (13 weeks) is in bold. 
#Ostelo RW, Deyo RA, Stratford P, Waddell G, Croft P, Von Korff M, et al. Interpreting change scores for pain and functional status in low back pain: towards international 
consensus regarding minimal important change. Spine. 2008;33:90-4. 
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Table A10. Secondary clinical effectiveness end points 

 
 Usual-care 

(n=165) 
CFT only 
(n=164) 

CFT & 
biofeedback 
(n= 163) 

CFT only compared to Usual-care 
 

CFT & biofeedback compared to Usual-care CFT & biofeedback compared to CFT only 

 meana (SE) mean (SE) mean (SE) Difference (95% 
CI) 

p SMD (95%CI) Difference 
(95%CI) 

p SMD (95%CI) Difference (95% 
CI) 

p SMD (95% CI) 

Physical 
function (PSFS) 

            

Baseline 4·2 (0.2) 4·2 (0.2) 4·3 (0.2) 0·0 (-0·5 to 0·4)   0·1 (-0·4 to 0·6)   0·1 (-0·4 to 0·6)   
3 weeks 4·3 (0.2) 4.9 (0.2) 5.4 (0.2) 0·6 (0·0 to 1·1) 0·028  1·2 (0·6 to 1·7) <0·0001  0·6 (0·1 to 1.1) 0·027  
6 weeks 4·6 (0.2) 5·7 (0.2) 5·9 (0.2) 1·1 (0·6 to 1·6) <0·0001  1·4 (0·9 to 1·9) <0·0001  0·3 (-0·3 to 0·8) 0·34  
13 weeks 4·5 (0.2) 6·5 (0.2) 6·3 (0.2) 2·0 (1·5 to 2·5) <0·0001 0·96  

(0·72 to 1·19) 
1·9 (1·4 to 2·4) <0·0001 0·92  

(0·66 to 1·19) 
-0·1 (-0·6 to 0·4) 0·65 -0·08  

(-0·33 to 0·17) 
26 weeks 5·0 (0.2) 6·6 (0.2) 6·7 (0.2) 1·6 (1·1 to 2·2) <0·0001  1·8 (1·2 to 2·3) <0·0001  0·1 (-0·4 to 0·7) 0·62  
40 weeks 4·8 (0.2) 6.4 (0.2) 6·9 (0.2) 1·6 (1·1 to 2·2) <0·0001  2·2 (1·6 to 2·7) <0·0001  0·6 (0·0 to 1·1) 0·043  
52 weeks 4·9 (0.2) 6·5 (0.2) 6·9 (0.2) 1·5 (1·0 to 2·0) <0·0001 0·72  

(0·45 to 0.99) 
2·1 (1·5 to 2·6) <0·0001 1.00 

(0·72 to 1·28) 
0·5 (0·0 to 1·0) 0·051 0·22  

(-0·05 to 0·50) 
Pain: mean of 
3-item NRS 

            

Baseline 6·2 (0.1) 6·2 (0.2) 6·2 (0.2) 0·0 (-0·4 to 0·4)   0·0 (-0·4 to 0·4)   0·0 (-0·5 to 0·4)   
13 weeks 5·8 (0.2) 4·3 (0.2) 4·4 (0.2) -1·6 (-2·0 to -1.1) <0·0001 -1·03  

(-1·25 to -0·80) 
-1·5 (-2·0 to -1.1) <0·0001 -0.95  

(-1·18 to -0·74) 
0·0 (-0·5 to 0·5) 0·93 0·03  

(-0·27 to 0·21) 
26 weeks 5·7 (0.2) 4·2 (0.2) 4·1 (0.2) -1·5 (-2·0 to -1.1) <0·0001  -1·6 (-2·1 to -1.2) <0·0001  -0·1 (-0·6 to 0·3) 0·60  
40 weeks 5·5 (0.2) 4·1 (0.2) 4·2 (0.2) -1·4 (-1.8 to -0.9) <0·0001  -1·4 (-1.8 to -0.9) <0·0001  0·0 (-0·5 to 0·5) 0·96  
52 weeks 5.6 (0.2) 4·2 (0.2) 3·8 (0.2) -1·4 (-1.9 to -1.0) <0·0001 -0.95 

(-1·23 to -0·67) 
-1·8 (-2·3 to -1·4) <0·0001 -1·14  

(-1·43 to -0·86) 
-0·4 (-0·9 to 0·1) 0·091 -0·24  

(-0·48 to 0·04) 
Pain: Single 
Item NRS 
(average last 
14 days) 

            

Baseline 5·8 (0.2) 5·9 (0.2) 5·8 (0.2) 0·2 (-0·3 to 0·6)   0·0 (-0·4 to 0·5)   -0·2 (-0·6 to 0·3)   
3 weeks 5.9 (0.2) 5·2 (0.2) 5·1 (0.2) -0·7 (-1·2 to -0·2) 0·0030  -0·8 (-1·3 to -0·4) 0·0010  -0·1 (-0·6 to 0·4) 0·68  
6 weeks 5·8 (0.2) 4·8 (0.2) 4·6 (0.2) -1·1 (-1·5 t -0·6) <0·0001  -1·2 (-1·7 to -0·7) <0·0001  -0·1 (-0·6 to 0·4) 0.61  
13 weeks 5·5 (1·9) 3·9 (0.2) 3·9 (0.2) -1·6 (-2·1 to -1·1) <0·0001 -0.98 

(-1·20 to -0·76) 
-1·6 (-2·1 to -1·2) <0·0001 -0.97  

(-1·20 to -0·74) 
0·0 (-0·5 to 0·5) 0·87 -0·01  

(-0·25 to 0·23) 
26 weeks 5·2 (0.2) 3·8 (0.2) 3·7 (0.2) -1·4 (-1.9 to -0.9) <0·0001  -1·6 (-2·1 to -1·1) <0·0001  -0·2 (-0·7 to 0·3) 0·51  
40 weeks 5·0 (0.2) 3·8 (0.2) 3·7 (0.2) -1·3 (-1·8 to -0·8) <0·0001  -1·4 (-1.8 to -0.9) <0·0001  -0·1 (-0·6 to 0·4) 0·72  
52 weeks 5·2 (0.2) 3·7 (0.2) 3·4 (0.2) -1·5 (-2·0 to -0.9) <0·0001 -0·90  

(-1·17 to -0·76) 
-1·8 (-2·3 to -1·3) <0·0001 -1·09 

(-1.39 to -0.79) 
-0·4 (-0·9 to 0·1) 0·14 -0·20  

(-0·50 to 0·10) 
 
Pain Self-
efficacy 
(PSEQ) 

            

Baseline 36·7 (0.9) 34·0 (1.0) 34.4(0.9) -2·6 (-5.2 to 0·1)   -2.2 (-4.8 to 0·4)   -0·4 (-2.2 to 3.0)   
3 weeks 35.1 (1.0) 37·3 (1.0) 39.4(1.0) 2·1 (-0.7 to 5·0) 0·14  4.3 (1.5 to 7.0) 0·0030  2.1 (-0.7 to 4·9) 0·14  
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 Usual-care 
(n=165) 

CFT only 
(n=164) 

CFT & 
biofeedback 
(n= 163) 

CFT only compared to Usual-care 
 

CFT & biofeedback compared to Usual-care CFT & biofeedback compared to CFT only 

 meana (SE) mean (SE) mean (SE) Difference (95% 
CI) 

p SMD (95%CI) Difference 
(95%CI) 

p SMD (95%CI) Difference (95% 
CI) 

p SMD (95% CI) 

6 weeks 35·6 (1.0) 40·7 (1·0) 42.2(1·0) 5.2 (2·4 to 7.9) <0·0001  6.6 (3.9 to 9.4) <0·0001  1.5 (-1.3 to 4.3) 0·30  
13 weeks 36.9 (1.0) 45·1 (1·0) 45.2(1·0) 8·2 (5·4 to 10.9) <0·0001 0·61  

(0·43 to 0·78) 
8.2 (5.5 to 11.0) <0·0001 0·59 

(0·43 to 0·75) 
0·1 (-2·7 to 2.8) 0·96 0·00  

(-0·15 to 0·16) 
26 weeks 38.1 (1.0) 45·8 (1.0) 45·9 (1·0) 7·7 (4.9 to 10·5) <0·0001  7.8 (5.0 to 10.5) <0·0001  0·1 (-2.7 to 2·9) 0·95  
40 weeks 37·7 (1.0) 45·3 (1·0) 46.4 (1·0) 7·5 (4·7 to 10·3) <0·0001  8.7 (5.9 to 11.5) <0·0001  1.2 (-1.6 to 4.0) 0·41  
52 weeks 37·6 (1.0) 45·7 (1·0) 46.5 (1·0) 8·1 (5·3 to 10.9) <0·0001 0·60  

(0·40 to 0·80) 
8.8 (6.1 to 11·6) <0·0001 0·63  

(0·45 to 0·81) 
0·7 (-2.0 to 3.5) 0·61 0·05  

(-0·12 to 0·23) 
Pain 
Catastrophising 
(PCS-3) 

            

Baseline 5·9 (0.2) 6·0 (0.2) 6·1 (0.2) 0·2 (-0·4 to 0·7)   0·2 (-0·3 to 0·8)   0·1 (-0·5 to 0·7)   
3 weeks 6·1 (0.2) 5·3 (0.2) 5·1 (0.2) -0·8 (-1·5 to -0·2) 0·0070  -1·1 (-1·7 to -0·5) 0·0010  -0·2 (-0·8 to 0·4) 0·48  
6 weeks 6.0 (0.2) 4·6 (0.2) 4·4 (0.2) -1·4 (-2·0 to -0·8) <0·0001  -1·6 (-2·2 to -1.0) <0·0001  -0·2 (-0·8 to 0·4) 0·55  
13 weeks 5·8 (0.2) 3·9 (0.2) 3·6 (0.2) -1·9 (-2·5 to -1·3) <0·0001 -0·60  

(-0·76 to -0·43) 
-2·2 (-2·8 to -1·6) <0·0001 -0·69  

(-0·00 to -0·50) 
-0·3 (-0·9 to 0·3) 0·28 -0·08  

(-0·24 to 0·09) 
26 weeks 5·7 (0.2) 3·6 (0.2) 3·6 (0.2) -2·1 (-2·7 to -1·4) <0·0001  -2.0 (-2·7 to -1·4) <0·0001  0·0 (-0·6 to 0·6) 0·95  
40 weeks 5·6 (0.2) 3·8 (0.2) 3·6 (0.2) -1·8 (-2·4 to -1·1) <0·0001  -2.0 (-2·6 to -1·3) <0·0001  -0·2 (-0·8 to 0·4) 0·57  
52 weeks 5·6 (0.2) 3·5 (0.2) 3·7 (0.2) -2·1 (-2·7 to -1·4) <0·0001 -0·65  

(-0·84 to -0·47) 
-1·9 (-2·5 to -1·3) <0·0001 -0·58  

(-0·78 to -0·38) 
0·2 (-0·4 to 0·8) 0·56 0·10  

(-0·06 to 0·25) 
Fear of 
movement 
(FABQ) 

            

Baseline 14·9 (0.4) 14·7 (0.5) 14·6 (0.4) -0·1 (-1·4 to 1.1)   0·0 (-1·5 to 0.9)   -0·2 (-1·4 to 1·1)   
13 weeks 14·6 (0.5) 8·6 (0.5) 7·6 (0.5) -6·0 (-7·4 to -4·7) <0·0001 -1·03  

(-1·23 to -0·83) 
-7.0 (-8·3 to -5·7) <0·0001 -1·26  

(-1·48 to -1·03) 
-1.0 (-2·3 to 0.3) 0·15 -0·14  

(-0·36 to 0·09) 
26 weeks 14·2 (0.5) 7·9 (0.5) 7·6 (0.5) -6·3 (-7·6 to -4.9) <0·0001  -6·7 (-8.0 to -5·3) <0·0001  -0·4 (-1·7 to 0.9) 0·56  
40 weeks 13.3 (0.5) 7.7 (0.5) 7.3 (0.5) -5.6 (-7.0 to -4.2) <0.0001  -6.0 (-7.4 to -4.7) <0.0001  -0.5 (-1.8 to 0.9) 0.51  

52 weeks 
14.0 (0.5) 7.5 (0.5) 7.7 (0.5) -6.6 (-7.9 to -5.2) <0.0001 -1.12 

(-1.34 to -0.90) 
-6.4 (-7.7 to -5.0) <0.0001 -1.13  

(-1.35 to -0.91) 
0.2 (-1.1 to 1.5) 0.78 0.08 

(-0.13 to 0.28) 
 
Abbreviations: ITT=Intention To Treat; SE=Standard Error; CI=Confidence Interval SMD=Standardised Mean Difference. 3-item NRS is the average of: pain now, the most severe pain 
over the last 14 days, and the average pain over the last 14 days.  aEstimated means from primary analysis (heteroscedastic partially-nested repeated measures three-level linear mixed 
model). The primary time point (13 weeks) is in bold. 
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Table A11. Participant reported global rating of improvement 13, 26, 40, and 52 weeks 

 
 Usual-care CFT-only  CFT-biofeedback   

3 months n=140 n=135 n=141 Kruskall Wallis test 
Very dissatisfied         6 (4%)         0 (0%)         0 (0%) Χ2

(ties)=122·7, p=0·0001 
Somewhat worse        12 (9%)         2 (2%)         2 (1%) CFT-O vs UC: p<0·0001  
A little worse        15 (11%)         0 (0%)         3 (2%) CFT-B vs UC: p<0·0001 
No change        54 (39%)        17 (13%)        10 (7%) CFT-B vs CFT-O: p=0·37 
A little better        30 (21%)        26 (19%)        30 (21%)  
Somewhat better        14 (10%)        36 (27%)        37 (26%)  
Much better         9 (6%)        54 (40%)        59 (42%)  
6 months n=127 n=132 n=133  
Very dissatisfied         4 (3%)         1 (1%)         0 (0%) Χ2

(ties)=81·3, p=0·0001 
Somewhat worse        11 (9%)         5 (4%)         2 (2%) CFT-O vs UC: p<0·0001 
A little worse        13 (10%)         3 (2%)         7 (5%) CFT_ vs UC: p<0·0001  
No change        48 (38%)        12 (9%)        14 (11%) CFT-O vs CFT-B: p=0·30 
A little better        26 (21%)        19 (14%)        18 (14%)  
Somewhat better         9 (7%)        29 (22%)        37 (28%)  
Much better        16 (13%)        63 (48%)        55 (41%)  
9 months n=124 n=123 n=127  
Very dissatisfied         2 (2%)         1 (1%)         0 (0%) Χ2

(ties)=85·6, p=0·0001 
Somewhat worse        13 (11%)         5 (4%)         2 (2%) CFT-O vs UC: p<0·0001 
A little worse        20 (16%)         4 (3%)         5 (4%) CFT-B vs UC: p<0·0001  
No change        45 (36%)        11 (9%)        20 (16%) CFT-O vs CFT-B: p=0·41 
A little better        20 (16%)        16 (13%)        16 (13%)  
Somewhat better        10 (8%)        24 (20%)        21 (17%)  
Much better        14 (11%)        62 (50%)        63 (50%)  
12 months n=126 n=133 n=137  
Very dissatisfied         2 (2%)         1 (1%)         1 (1%) Χ2

(ties)=77·6, p=0·0001 
Somewhat worse        17 (14%)         4 (3%)         4 (2·9%) CFT-O vs UC: p<0·0001  
A little worse        15 (12%)         8 (6%)         5 (4%) CFT-B vs UC: p<0·0001 
No change        44 (35%)        13 (9%)        10 (7%) CFT-O vs CFT-B: p=0·34 
A little better        21 (17%)        16 (12%)        29 (21%)  
Somewhat better        10 (8%)        23 (17%)        28 (20%)  
Much better        17 (14%)        68 (51%)        60 (44%)  

UC=Usual-care; CFT-O= CFT-only; CFT-B= CFT-biofeedback; Χ2=Chi Squared Test 
 
 
 
 
 
 

Figure A2. Participant reported satisfaction at 13 weeks 
 

 
 
Kruskall Wallis Test: Χ2

(ties)=174·3, p<0·001, CFT-only vs Usual-care: p<0·001, CFT_biofeedback vs Usual-
care: p<0·001, CFT-biofeedback vs CFT-only: p=0·23 
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Table A12. Sensitivity analyses for primary clinical effectiveness outcome of pain-related activity 
limitation (Roland Morris Disability Questionnaire scores on a 0-24 scale) 

 

 

CFT-only compared 
with Usual-care 

  CFT-biofeedback 
compared with Usual-

care 

  CFT-biofeedback compared with 
CFT only 

 
 Diff (95% CI) p  Diff (95% CI) p  Diff (95% CI) p 

 Main analysis 
3 weeks -1.1 (-2.4 to 0.2) 0.084 -1.6 (-2.9 to -0.3) 0.016 -0.4 (-1.7 to 0.8) 0.50 
6 weeks -3.7 (-4.9 to -2.4) <0·0001 -3.8 (-5.1 to -2.6) <0·0001 -0.2 (-1.5 to 1.1) 0.81 

13 weeks -4.6 (-5.9 to -3.4) <0·0001 -4.6 (-5.8 to -3.3) <0·0001 0.0 (-1.3 to 1.3) 0.97 
26 weeks -4.8 (-6.1 to -3.5) <0·0001 -4.8 (-6.1 to -3.5) <0·0001 0.0 (-1.3 to 1.3) 0.95 
40 weeks -4.5 (-5.8 to -3.2) <0·0001 -5.0 (-6.3 to -3.7) <0·0001 -0.5 (-1.8 to 0.8) 0.46 
52 weeks -4.8 (-6.0 to -3.5) <0·0001 -5.4 (-6.6 to -4.1) <0·0001 -0.6 (-1.9 to 0.7) 0.37 

 Sensitivity Analysis 1a  
3 weeks -1.0 (-2.1 to 0·1) 0·076  -1·8 (-2·9 to -0·6) 0·0020  0·7 (-0.3 to 1.8) 0·18 
6 weeks -3·1 (-5.0 to -2·7) <0·000

1  -3·6 (-4.8 to -2·4) <0·0001  0·5 (-0.6 to 1·6) 0·38 

13 weeks -3.9 (-5·0 to -2.7) <0·000
1  -4·2 (-5·3 to -3·1) <0·0001  0·3 (-0.8 to 1·5) 0·57 

26 weeks -4·0 (-5.1 to -2.8) <0·000
1  -4·3 (-5.4 to -3·2) <0·0001  0·4 (-0.7 to 1·5) 0·50 

40 weeks -3.6 (-4.8 to -2·5) <0·000
1  -4·4 (-5.5 to -3·2) <0·0001  0·7 (-0.4 to 1.9) 0·21 

52 weeks -4·0 (-5.1 to -2.8) <0·000
1  -4.7 (-5.8 to -3·6) <0·0001  0·7 (-0.5to 1.9) 0·25 

 Sensitivity Analysis 2b 
3 weeks -1·3 (-2.7 to 0·1) 0·070  -1.8 (-3·2 to -0·4) 0·010  -0·5 (-1.9 to 0·8) 0·44 
6 weeks -3·8 (-5.2 to -2·4) <0·000

1  -4.1 (-5.5 to -2.7) <0·0001  -0·3 (-1·6 to 1.1) 0·70 

13 weeks -4·8 (-6.1 to -3·4) <0·000
1  -4·8 (-6.5 to-3·7) <0·0001  -0·1 (-1·4 to 1.3) 0·93 

26 weeks -4·9 (-6.3 to -3·5) <0·000
1  -5.1 (-6.5 to -3·7) <0·0001  -0·2 (-1·5 to 1.2) 0·82 

40 weeks -4·6 (-6.0 to -3.2) <0·000
1  -5.2 (-6.6 to -3·8) <0·0001  -0·6 (-2.0 to 0·8) 0·40 

52 weeks -4·9 (-6.3 to -3·5) <0·000
1  -5·6 (-7.0 to -4.2) <0·0001  -0·7 (-2·1 to 0·7) 0·33 

aMultiple imputation (10 datasets) via chained equations utilising covariates from the primary analysis model 
(sex, site, symptom duration and baseline pain intensity) and auxillary variables (age, BMI, education level, 
baseline measures of secondary outcomes, Keele Startback MSK Tool) in the imputation model. Imputed 
datasets pooled (n=10) for estimation of the primary analysis (heteroscedastic partially-nested repeated 
measures three-level linear mixed model), with additional adjustment for confidence in assigned treatment. All 
cases analysed. 
bPrimary analysis model unadjusted for covariates and excluding random effect for partial nesting by 
physiotherapist. All cases analysed. 
The primary time point (13 weeks) is in bold.  
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Executive summary of economic analysis results 
• The results indicate that there was high certainty that CFT-only was more effective and less costly than 

Usual-care. That result was consistent from the societal perspective regardless of whether the human 
capital productivity cost valuation approach or the friction approach were used. It was also NOT sensitive 
to whether we examined this comparison using a multiple imputation approach or a complete case 
sensitivity analysis approach (same result either way). 
 

• Similarly, there was high certainty that CFT-biofeedback was more effective and less costly than Usual-
care. That result was also consistent from the societal perspective regardless of whether the human capital 
productivity cost valuation approach or the friction approach were used. It was also NOT sensitive to 
whether we examined this comparison using a multiple imputation approach or a complete case sensitivity 
analysis approach (same result either way). 
 

• There was uncertainty that CFT-only was more or less effective, and more of less costly, than CFT-
biobeedback.  
• In the analyses using imputed data, 46% of the bootstrap replications fell into the South-East quadrant 

where CFT-biofeedback is more effective and less costly, whereas 6% fell into the North-West 
quadrant where CFT-only is more effective and less costly. However, in the sensitivity analyses using 
complete case data, only 16% of the bootstrap replications fell into the South-East quadrant where 
CFT-biofeedback is more effective and less costly, whereas 33% of the bootstrap replications fell into 
the North-West quadrant where CFT-biofeedback is less effective and more costly than CFT-alone. 
Acceptability curve analysis using imputed data (Appendix Report A1) indicated the CFT-biofeedback 
condition was likely to be more cost-effective compared to the CFT-only group with 80% to 85% 
probability across willingness to pay per QALY thresholds up to $(AUD) 100,000. However, 
sensitivity analyses using complete case data indicated this probability varied between 40% to 50%.  

• On balance, there was insufficient evidence to support a conclusion favouring either CFT treatment 
over the other. 
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Detail of report 

DATA 

Description of the measure of effects 

• The primary outcome of clinical effect for the economic evaluation was quality-adjusted life years 
measured using the EQ-5D-5L questionnaire. This questionnaire contains five items, one examining each of 
the dimensions; mobility, self-care, usual activities, pain/discomfort and anxiety/depression. Each item has 
a five-level response: no problems, slight problems, moderate problems, severe problems and extreme 
problems. These items were converted into utility values using an Australian community value set (model 
D) (Norman et.al. 2013). These point estimates were converted to quality adjusted life years gained using 
an area under the curve approach. (Whitehead et al. 2010).   
 
Norman R, Cronin P, Viney R. A pilot discrete choice experiment to explore preferences for EQ-5D-5L 
health states. Applied health economics and health policy. 2013 Jun;11(3):287-98.” 
 
Whitehead S, Ali S. Health outcomes in economic evaluation: the QALY and utilities, British Medical 
Bulletin, 2010;96(1):5–21. 

 

Service/resource use items included 

• Health service costs included: 
Trial treatment costs (physiotherapist and equipment), direct health costs of seeing health professionals for 
services subsidised by the Medicare Benefits Schedule (commonly general practitioner and limited other 
health professional services), seeing health professionals for services not subsidised by the Medicare 
Benefits Schedule (commonly allied health professionals), costs of hospital visits, costs of medications 
subsidised through the Pharmaceutical Benefits Scheme, indirect health costs associated with transportation 
to health services (private travel, ambulance), and productivity losses (absenteeism, presenteeism). 

 

Service/resource use measurement for intervention 

• For the CFT consultations, we calculated the actual cost per participant based on their number of 
consultations. 

• For the sensor biofeedback costs, we modelled a business proposition where the cost of adding the 
biofeedback equipment to the delivery of care was recouped within 12 months. Also, the protocol required 
that the primary economic analysis would take place from a societal perspective, so the cost of a patient 
coming back to drop the devices off was added at a nominal cost. 

 

Service/resource use measurement for other items (databases) 

• The Medicare Benefits Schedule (MBS) is a list of health professional services, and the Pharmaceutical 
Benefits Scheme (PBS), a list of pharmaceuticals, that the Australian Government subsidises at a federal 
level.  

 
 

Service/resource use measurement for other items (questionnaire) 

• Hospital services data were collected separately from the MBS and PBS, as hospital services have 
historically been funded through separate federal-state agreements in Australia and hospitalisation data are 
not available through the databases that support these schemes. 

• Therefore, productivity losses, travel, hospitalisations and health care seeking that was not subsidised by the 
government were captured via the 13, 26, 40, and 52 week participant questionnaires.  

• The questionnaire is shown in Report A1: Table 1. 
• The patient-reported questionnaire had two components. The first component was questions designed to 

capture other health care costs, such as hospitalisations. These items were developed through investigator 
discussion and review.  Many of the items developed (e.g. number of appointments with a health 
professional other than a GP) do not have administrative datasets available to act as a gold-standard 
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comparator to establish validity. A 2016 review (Leggett et al. 2016) of self-reported direct health cost 
measures reported they have agreement ranging from Kappa=0.57 (when reporting costs of services) to 
Kappa=0.90 (when reporting number of inpatient days in hospital) when investigated amongst people with 
chronic health conditions. 

• The second component captured productivity losses using the iMTA Productivity Cost Questionnaire (for 
detail on the development and validation of this questionnaire see Bouwnams et al. 2015; Munk Killingmo 
et al. 2012). 

 
Bouwmans C, Krol M, Severens H, Koopmanschap M, Brouwer W, Hakkaart-van Roijen L. The iMTA 
Productivity Cost Questionnaire: A Standardized Instrument for Measuring and Valuing Health-
Related Productivity Losses. Value Health 2015; 18(6): 753-8. 
 
Leggett LE, Khadaroo RG, Holroyd-Leduc J, Lorenzetti DL, Hanson H, Wagg A, Padwal R, Clement 
F. Measuring resource utilization: a systematic review of validated self-reported questionnaires. 
Medicine. 2016 Mar;95(10): e2759. 
 

 
Munk Killingmo R, Tveter AT, Småstuen MC, Storheim K, Grotle M. Comparison of self-reported and 
public registered absenteeism among people on long-term sick leave due to musculoskeletal disorders: 
criterion validity of the iMTA Productivity Cost Questionnaire. Eur J Health Econ. 2021 
Aug;22(6):865-872. doi: 10.1007/s10198-021-01294-0. 

 

 

Report A1: Table 1. Economic evaluation component of the 13, 26, 40, and 52-week questionnaires  
 
N.B. the highlighted text indicates the conditional (skip) logic in this electronic questionnaire. 
__________________________________________________________________________________________ 
THE FOLLOWING QUESTIONS ARE ABOUT YOUR HEALTH AND WORK 
 
6. Do you have a paying job?  

• No 
• Yes 

 
If you do not have a paying job, skip to question 13. Please first read the explanation above the question 13.  
 
 
7. Have you missed work in the last 4 weeks as a result of being sick? 

• No 
• Yes, I have missed ………… days. 
(Only count the missed work days in the last 4 weeks) 

o How many of those days did you miss because of Corona virus (COVID-19)?  
................... work days 

 
Did you select ‘Yes’? Go to question 8.  
Otherwise skip to question 10. 
 
 
8. Did you miss work earlier than the period of 4 weeks due to being sick? This is referring to one whole uninterrupted period of missed 
work as a result of being sick.  

• No 
• Yes 

 
Did you select ‘Yes’? Go to question 9.  
Otherwise skip to question 10.  
 

 

9. When did you call in sick?  

day month year  
 
o How many of those earlier days did you miss because of Corona virus (COVID-19)?  

................... work days 
 

Skip to question 13. Please first read the explanation above question 13.  
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10. During the last 4 weeks have there been days in which you worked but during this time were bothered by physical or 
psychological problems? 

• No 
• Yes 

 
Did you select ‘Yes’? Go to question 11 and 12. 
Otherwise skip to question 13. First read the explanation above question 13. 
 
11. How many days at work were you bothered by physical or psychological problems?  
(Only count the days at work in the last 4 weeks) 

................... work days 
 
12. On the days that you were bothered by these problems, was it perhaps difficult to get as much work finished as you normally 
do? On these days how much work could you do on average?  
Look at the figures below. A 10 means that you were able to do as much work as you normally do. A 0 means that you were unable to do 
any work on these days. Circle the figure that fits best. 
 

On these days     I was able    I was able to 
I could not     to do half    do just as 
do anything     as much as I    much as I 

normally do    normally do 
0  1  2  3  4  5  6  7  8  9  10 

 
 
 
 
 

 
13. Were there days in which you were forced to do less unpaid work because of physical or psychological problems?  
Only days in the last four weeks. 

• No 
• Yes 

 
Did you select ‘Yes’? Go to question 14 
Otherwise skip to the next section with the heading HOSPITALISATION. 
 
 
14. How many days did this happen?  
Only count the days in the last 4 weeks. 
………………………. Days 
 
15. Imagine that somebody, for example your partner, family member or friend helped you on these days, and he or she did all the 
unpaid work that you were unable to do for you. How many hours on average would that person spend doing this on these days? 
On average ………….. hours on these days 
 
16. For the unpaid work that you could not do, where someone else actually did do some or all of that work for you, on average how 
many hours did they do? 
On average ………….. hours on these days 
 
 
HOSPITALISATION  
Have you presented to a hospital emergency department but not been admitted in the past 3 months?  
o No  
o Yes  
 
Did you select ‘Yes’? Go to next question  
 
Otherwise skip to the next section with the heading HEALTH PROFESSIONAL  
 
How many times did you present to a hospital emergency department but were not admitted in the past 3 months? ……………. times  
 
How many of these occasions were you transported by an ambulance? ………..  
 
How many of these occasions were related to your back pain? ............ 
 
 
 
 

Explanation 
Even for unpaid work, you can be bothered by physical or psychological problems. Sometimes as a result you (might) do less. For 
example, you have trouble caring for your children or doing voluntary work. Or you are unable to run errands and pick up groceries, or 
to work in the garden. The following questions refer to this. 
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HEALTH PROFESSIONAL  
Have you seen any healthcare professional in the past 3 months, other than the physiotherapist we may have referred you to?  
o No  
o Yes  
 
Did you select ‘Yes’? Go to next question  
Otherwise skip to the next section with the heading PRIVATE HEALTH INSURANCE  
 
How many different health professionals did you see?  
o One  
o Two  
o Three  
o Four  
o Five  
o Six or more  
 
DETAILS OF FIRST HEALTH PROFESSIONAL  
What type of health professional did you see?  
o Medical doctor  
o Physiotherapist  
o Chiropractor  
o Osteopath  
o Massage therapist  
o Acupuncturist  
o Naturopath  
o Other  
 
How many times did you see this health professional in the past 3 months? ...... times  
 
 
How many of these visits to this health professional were related to your back pain?  
…….. times  
 
How many of these visits to this health professional were related to Corona virus (COVID-19)? …….. times 
  
How long did it take to travel to this health professional per visit (in minutes)? ……… mins  
 
Do you travel to this health practitioner by:  
o Private car  
o Public transport  
o Other  
 
If you select Other, please describe what other form of transport you took  
Did your physiotherapist use manipulation or traction or massage or electrotherapy or ultrasound for your low back pain?  
Did your physiotherapist use core strengthening or pilates for your low back pain?  
Did your physiotherapist use other exercises or active stretching for your low back pain?  
 
If you have seen more than one healthcare professional, kindly provide the details as above for each health professional: 
 
PRIVATE HEALTH INSURANCE  
Do you presently have private health insurance-hospital cover?  
• _No  
• _Yes  
 
Do you presently have private health insurance- extras cover?  
• _No  
• _Yes  
 
 
That was the last question. Thank you very much! 
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UNIT COSTS/APPROACH TO COSTINGS 

Interventions 

• For the CFT consultations, in the trial we paid $AUD 184.80 for each baseline consultation (GST inclusive) 
and $92.40 for each subsequent consultation, amounts aligned with market rates for physiotherapy 
consultations in Australia. To be consistent with the protocol, in the economic efficiency calculations these 
were converted to a 2019/2020 financial year as the base valuation year. 

 
• For the sensor biofeedback costs, each sensor kit was $4,370 to purchase and $1,788 for a 12-months 

program licence (total cost in year 1 of $6,158). The business proposition was modelled where the cost of 
adding the biofeedback equipment to the delivery of care was recouped within 12 months: $20 per patient 
per weekly session would generate ($20 x 6 patients x 52 weeks) $6,240 of revenue in year 1.  Also, the 
cost of a patient coming back to drop the devices off was added at a nominal cost ($3) to do this, plus $1 for 
the adhesive consumable. The total was $24 per consultation. 

 

Database items 

• Costs included direct health care costs measured using Medicare Benefits Schedule (MBS) and 
Pharmaceutical Benefits Scheme (PBS) database extractions and patient questionnaires.  

 

Questionnaire items 

• The 13, 26, 40, and 52-week questionnaires captured productivity costs via a ‘previous 4 weeks’ timeframe. 
We multiplied these values by 3.25 to extrapolate for the 3 months follow-up window. 

 
• Productivity costs measured at specific time points were extrapolated to the full one-year period using an 

area under the curve approach. All costs were calculated using a 2019-2020 financial base year, including 
hospital costs valued using the National Weighted Activity Unit calculators. 

 
• Costing of health care resources consumed was undertaken using market rates where available.  Hospital 

costs were valued using the length of stay reported by the participant and descriptions of reasons for 
hospitalisation by the patient (e.g. knee replacement) mapped onto Diagnosis Related Group codes, and fed 
into the National Weighted Activity Unit casemix cost calculator (https://www.ihacpa.gov.au/health-
care/pricing/nwau-calculators. The researchers assigning DRG codes for hospitalisations and handling of 
the cost data was blinded to participant group allocation. 

 
• Productivity costs are costs resulting from loss of paid and unpaid work and replacement costs due to 

morbidity and mortality. They are usually assessed in health economic evaluations with either human 
capital approach or friction method. In the human capital approach, productivity costs are estimated as the 
value of lost productivity due to a disease over the expected remaining working life, though has been 
criticised for creating unrealistically high estimates as potential productivity losses are measured instead of 
actual (Rissanen et.al. 2021). The friction method estimates costs accumulate only during the period an 
organization requires to restore its original production levels after losing a worker. This loss of productivity 
incurred during the friction period, the time it takes to replace a worker and train their replacement, is often 
assumed to be 80% of gross production because of the elasticity of production with regard to labor time 
(Krol and Brouwer 2014). 

Krol M, Brouwer W. How to estimate productivity costs in economic evaluations. Pharmacoeconomics. 
2014;32(4):335–44). 
Rissanen I, Ala-Mursula L, Nerg I, Korhonen M. Adjusted productivity costs of stroke by human 
capital and friction cost methods: a Northern Finland Birth Cohort 1966 study. The European Journal 
of Health Economics. 2021 Jun;22:531-45. 
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ANALYSIS 

Analysis of effects 

• The primary outcome of clinical effect for the economic evaluation was quality-adjusted life years 
calculated using the area under the curve approach based on responses to the EQ-5D-5L questionnaire. 
Quality-adjusted life years were compared between groups using linear regression analyses to calculate the 
mean difference (95% CI). 

 

 

Analysis of costs 

• Total costs were calculated as the sum of direct health care costs, indirect health costs (eg. travel), and 
productivity losses (absenteeism and presenteeism). Total costs were compared between groups using linear 
regression analyses to calculate the mean difference (95% CI). 

 

Analysis of cost-effectiveness 

1) The analysis was an incremental cost-utility analysis examining the difference in costs between intervention 
and control groups divided by the difference in Quality-Adjusted Life Years. 

Main analysis: 
• Societal perspective, human capital productivity cost valuation approach, x 3 pair-wise 

comparisons, 6 trial intervention cost valuations (one true, five false to maintain analyst blinding) 

Secondary analyses: 
• Friction method (3 pair-wise comparisons). A change in approach to valuing productivity costs; 

using the friction method instead of the human capital approach. With the valuation of 
productivity costs, applying the friction method instead of the human capital approach means that 
we assumed that other workers would be able to come in and be trained to take over the 
productivity tasks of those with presenteeism / absenteeism-related costs. It was be assumed that 
this amount would be 80% of gross production because of the elasticity of production with regard 
to labour time (see Krol M, Brouwer W. How to estimate productivity costs in economic 
evaluations. Pharmacoeconomics. 2014;32(4):335–44). This was only applied to paid work. 

• An analysis from a health service perspective will be published in a separate paper. 
 

2) The US Public Health Service Panel on Cost-Effectiveness in Health and Medicine defines a “true societal 
perspective” as meeting three key conditions (Garrison et.al. 2010): 

1. Productivity gains and losses (i.e., indirect or time costs) are included. 
2. Costs of drugs and other inputs are measured by opportunity costs. 
3. Community preferences are used to estimate the utility of health states. 
So, to reflect a societal perspective, we measured productivity gains and losses, included the 
opportunity costs of medicines for Australian society, and used community preferences to estimate the 
utility of health states (Garrison 2010. 
 
Garrison Jr LP, Mansley EC, Abbott III TA, Bresnahan BW, Hay JW, Smeeding J. Good research 
practices for measuring drug costs in cost‐effectiveness analyses: a societal perspective: the ispor drug 
cost task force report—Part II. Value in Health. 2010 Jan;13(1):8-13. 

 
3) Bootstrap resampling (2000 replications of original sample size) was used to generate a 95% confidence 

ellipse (or confidence surfaces) surrounding the incremental cost-utility estimate. These non-parametric 
bootstrap was used to generate confidence ellipses as a superior aid to decision-making compared to 
presentation of confidence intervals for estimates of cost-effectiveness or cost-utility.  

 
Briggs A, Fenn P. Confidence intervals or surfaces? Uncertainty on the cost‐effectiveness plane. 
Health economics. 1998 Dec;7(8):723-40. 
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4) Cost-effectiveness acceptability curve analyses were undertaken if the intervention was not found to be 
clearly both more effective and less costly than (dominate) the control condition. 

 

Sensitivity analyses 

1) Two sensitivity analyses were pre-planned:  
a. Systematically varying the magnitude of the imputed utility values by one half of a standard 

deviation of the baseline utility values (+/- 0.105). 
b. Systematically varying the magnitude of the imputed MBS and PBS cost values by a similar 

magnitude. 
 
 

2) In addition, a ‘complete case’ sensitivity analysis was also conducted at a reviewer’s request. We included 
participants who had provided data sufficient to calculate quality adjusted life years, with at least one 
follow-up survey completion at 13, 26, 40, or 52 weeks, and who had MBS & PBS data extractions. 

 

 

Handling of missing data 

• This economic evaluation used a combination of complete data directly from the participant (eg. subjective 
recall of hospitalisations since the previous assessment) and from external data sources (eg. MBS and PBS 
data), along with repeated data snapshots over limited time periods (eg. assessments of health-related 
quality of life over the past week, and productivity cost estimations over the past 2 weeks). The reason for 
using snapshots instead of complete data capture for these latter variables was a pragmatic choice driven by 
the likely loss of data validity if having to extend the time-period beyond these periods of recall and the 
burden of data collection if these outcomes were collected more frequently.  The study protocol specified an 
area-under the curve approach for managing the missing data in between these assessments.  For the health-
related quality of life outcome, this assumed that the linear connection between assessment points provides 
an adequate projection of what took place during the missing periods to still provide a valid estimate of this 
construct. For the productivity costs, we assumed that the assessment taken at the three-month mark was 
representative of what took place over the preceding period prior to the assessment, thus a simple pro-rata 
multiplication was adequate to generate an estimate of this cost over the entire period.  
 

• An impact of this ‘extrapolation / area under the curve’ analytic approach is that it may generate a 
systematic over-estimate or under-estimate of the total burden of disease depending on the context of the 
study. In a burden of disease study, this may be somewhat problematic yet for a comparison of groups 
within a randomised controlled trial, these become systematic errors which conceptually cancel themselves 
out when estimates of difference between groups are generated as long as the assumption has been applied 
equally across groups. 

 
• There are also multiple types of missing data arising within the RESTORE study. The choices we made 

when dealing with each type are summarised in Report A1: Table 2. 
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Report A1: Table 2.  Missing data approach 
 

Type Specific example Action taken Notes 
Missing data at a specific time 
point for a specific subject for 
a specific measure  

Participant did not record the 
reason for a hospital admission 
but did record an admission 
took place (needed along with 
length of hospitalisation to 
calculate cost of 
hospitalisation) 

Median cost of hospital 
admissions from remainder of 
study participants with 
complete data used.  

Use of a median hospital cost 
may reduce variability in this 
measure, though there was a 
low frequency of this occurring 
and unlikely to influence 
overall result. 

Participant did not record the 
number of days of a 
hospitalisation (needed along 
with reason for hospitalisation 
to calculate cost of 
hospitalisation) 

Median cost of hospital 
admissions from remainder of 
study participants with 
complete data used.  

Use of a median hospital cost 
may reduce variability in this 
measure, though there was a 
low frequency of this occurring 
and unlikely to influence 
overall result. 

Missing data at a specific time 
point for a specific subject for 
all measures at that time point  

Participant missed a follow-up 
assessment 

Data points imputed using 
multiple imputation 

 

Incomplete data from a 
complete data capture source 

MBS and PBS data received 
for a participant did not align 
with the 12-month follow-up 
period of the study 

If <+/- 4 weeks of the correct 
period this was ignored. 
For periods greater than this, 
we extrapolated from the 
existing data available for that 
participant using a pro-rata 
method. 

The distribution of costs over 
follow-up time in this study is 
unlikely to be completely 
uniform, so this procedure may 
create some outlier 
participants. 

Missing data from a complete 
data capture source 

No MBS or PBS data received 
for a participant (no consent or 
problem with consent) 

Data points imputed using 
multiple imputation 

 

Systematically missing data 
where the data collection 
procedure did not seek to 
capture it 

Price /fee charged for 
individual health care 
appointments with health 
professionals not captured in 
MBS data 

Market prices used Use of a standard market price 
will reduce overall variability 
in the dataset. 

Wage rate of individual 
participant 

Median Australian wage rate 
used 

Use of a median Australian 
wage rate will reduce overall 
variability in the dataset. 

 
• Risk of double counting 

Collecting data from both the MBS and directly from the patient means that some patient interactions may 
be counted / valued in both. For example, physiotherapist consultations conducted under the Chronic 
Disease Self-Management MBS items may appear in both the MBS dataset and in the subjective recall of 
health practitioner use dataset. These costs were relatively modest however relative to other cost categories 
and it was impossible for us to know based on the data available whether a health professional contact 
recorded from participant interview was actually subsidised through the MBS. Consequently, this risk of 
double counting was recognised but was been ignored as a systematic error that will conceptually be 
cancelled when comparing groups.  

 
• Missing data pattern analysis 

The frequency and patterns of missing data were checked. The distribution of people with and without MBS 
data and number of participants with MBS and PBS data was similar between groups.  
Participants who were older, less anxious or depressed, in less pain or discomfort, had higher self-rated 
health (VAS), had higher health utility, or were more educated at baseline were less likely to have missing 
utility data. Participants who were allocated to Usual-care, older, or taking pain medication at baseline were 
less likely to have missing MBS data. Participants who were allocated to Usual-care, older, less anxious or 
depressed, or taking pain medication at baseline were less likely to have missing PBS data. 
This provided ample evidence suggesting that missing data for this outcome are not Missing Completely At 
Random. This is indicated by the combination of: 
• The number of missing utility scores (20% of follow-up assessments) 
• The number of missing MBS and PBS data points (each 33%) 
• The likelihood that missing utility scores are more likely to be in less healthy people (the correlation 

between baseline utility scores and available follow-up utility scores was r=0.49), and 
• The imbalance of missing MBS and PBS data across groups (less likely to be missing in Usual-care). 
• Therefore, the following pre-specified sensitivity analyses were conducted following multiple 

imputation, examining the potential impact on the base-case multiple imputation result by: 
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1) Systematically varying the magnitude of the imputed utility values by one half of a standard 
deviation of the baseline utility values (+/- 0.105). 

2) Systematically varying the magnitude of the imputed MBS and PBS cost values by a similar 
magnitude. 

 
Imputation of missing data points – Quality of life data 
• We used a truncated regression procedure which creates imputed values that are restricted to a pre-specified 

range. Values for the EQ-5D-5L utility score were truncated between a lower limit of -0.676 and 1.0 as per 
the limits of the scoring algorithm being used (Model D - Norman R, Cronin P, Viney R. A pilot discrete 
choice experiment to explore preferences for EQ-5D-5L health states. Applied health economics and health 
policy. 2013 Jun;11(3):287-98).   

• The variables that looked reasonably associated with a cost outcome were baseline EQ_5D personal care 
and work_sick_leave_days baseline items with work_missed_cost and work_missed_friction (rho>0.20). 
These variables were added as auxiliary, in addition to those associated with missingness, for the relevant 
imputations. 

• Three approaches to imputing these data were compared: truncated regression, negative binomial 
regression, and Multivariate Normal (MVN) imputation. The resultant distributions favoured choosing the 
multivariate normal imputation for the individual cost variables being examined. The same decision 
resulted for imputing the MBS/PBS estimates. We used the Markov Chain Monte Carlo (MCMC) 
procedure which assumes that all the variables in the imputation model have a joint multivariate normal 
distribution. This is probably the most common parametric approach for multiple imputation 
(https://stats.idre.ucla.edu/stata/seminars/mi_in_stata_pt1_new/). 

• The specific algorithm used is called the data augmentation algorithm, which belongs to the family of 
MCMC procedures. In most cases, simulation studies have shown that assuming a multivariate normal 
distribution leads to reliable estimates, even when the normality assumption is violated given a sufficient 
sample size (Demirtas et al., 2008; KJ Lee, 2010).  

Demirtas H, Freels SA, Yucel RM. 2008. Plausibility of multivariate normality assumption when 
multiply imputing non-Gaussian continuous outcomes: a simulation assessment. Journal of Statistical 
Computation and Simulation 78:69-84. 

Lee KJ, Carlin JB. Multiple imputation for missing data: fully conditional specification versus 
multivariate normal imputation. Am J Epidemiol. 2010 Mar 1;171(5):624-32. doi: 
10.1093/aje/kwp425. Epub 2010 Jan 27. PMID: 20106935. 

 

Adjustment for covariates 

• No adjustment for covariates was performed. We followed the recommendations of Assman et al (published 
in the Lancet) when considering adjustment for covariates in the economic analysis. They state “In general, 
simple unadjusted analyses that compare treatment groups should be shown. Indeed, they should be 
emphasised, unless the baseline factors for covariate adjustment are predeclared on the basis of their known 
strong relation to outcome.”  
Cost data can be highly skewed and have poor correlation with baseline covariates. As such, we did not pre-
declare any covariates that we considered would have high correlation (rho>0.5 as per Assman et al) for 
adjustment in these analyses. We also note from the Assman et al. review (2000) that covariate adjustment 
tended to have very little impact on results / conclusions drawn. 
 
Assmann SF, Pocock SJ, Enos LE, Kasten LE. Subgroup analysis and other (mis) uses of baseline data in 
clinical trials. The Lancet. 2000 Mar 25;355(9209):1064-9 
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RESULTS 

 

Utilities and QALYs 
The utilities and QALYs are shown in Report A1: Table 3. Most of the differences between groups had occurred 
by 3 months and remained until 12-months. 
 
 

Report A1: Table 3. Utility values and QALYs 

 Usual-care CFT-Only CFT-Biofeedback 
Utillity n Mean (SD) n Mean (SD) n Mean (SD) 
Baseline 165 0·64 (0·22) 164 0·64 (0·2) 162 0·63 (0·21) 
3-months 137 0·53 (0·30) 141 0·68 (0·26) 135 0·68 (0·25) 
6-months 127 0·57 (0·28) 132 0·69 (0·27) 130 0·67 (0·30) 
9-months 122 0·56 (0·3) 127 0·68 (0·30) 123 0·71 (0·28) 
12-months 126 0·54 (0·31) 136 0·68 (0·29) 133 0·70 (0·31) 
       
QALYs 165 0·55 (0·24) 162 0·67 (0·22) 161 0·67 (0·22) 
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Costs 
 
Summary descriptive statistics for all costs and productivity losses are reported in Report A1: Table 4. Most of 
the between-group differences in costs were in productivity losses. 
 
Report A1: Table 4. All costs and productivity losses, by group 
 

Costs ($AUD) Usual-care CFT-Only CFT-Biofeedback 
 N Mean (SD) /  

median (Q1 to Q3) 
N Mean (SD) 

/ median (Q1 to Q3) 
N Mean (SD) /  

median (Q1 to Q3) 
Primary analysis (HC)       
Trial treatment 165 0 (0)/ 

0 (0 to 0) 
 

164 558 (266)/ 
647 (370 to 832) 

163 705 (333)/ 
791 (442 to 1024) 

Health professionals 
(Medicare Benefits 
Schedule data) 

95 2963 (5420)/ 
1364 (467 to 3699) 

119 2480 (2867)/ 
1579 (647 to 3286) 

118 2667 (3514)/ 
1443 (692 to 3544) 

Health professionals 
(participant survey data) 

165 718 (977)/ 
39 (0 to 1023) 

164 772 (1311)/ 
310 (39 to 963) 

163 542 (674)/ 
306 (39 to 795) 

Hospital  165 2360 (8296)/ 
0 (0 to 0) 

164 2466 (7547)/ 
0 (0 to 0) 

163 1888 (7379)/ 
0 (0 to 0) 

Private travel 165 70 (136)/ 
33 (0 to 87) 
 

164 69 (116)/ 
31 (0 to 83) 

163 55 (83)/ 
22 (0 to 61) 

Ambulance 165 93 (401)/ 
0 (0 to 0) 

164 65 (479)/ 
0 (0 to 0) 

163 18 (168)/ 
0 (0 to 0) 

Total health 95 6323 (11428)/ 
2812 (1150 to 6020) 

119 6638 (9937)/ 
2975 (1749 to 6376) 

118 6385 (11041)/ 
3325 (1870 to 6448) 

Presenteeism 165 8451 (14757)/ 
0 (0 to 11232) 

164 4404 (8253)/ 
0 (0 to 4493) 

163 4841 (9130)/ 
0 (0 to 5616) 

Absenteeism (HC) 165 2873 (7369)/ 
0 (0 to 2246) 

164 2863 (9728)/ 
0 (0 to 1123) 

163 1750 (5016)/ 
0 (0 to1123) 

Total producivity losses 165 11323 (18517)/ 
899 (0 to 17971) 

164 7267(14698)/ 
0 (0 to 7638) 

163 6592 (11471)/ 
0 (0 to 9547) 

Total all costs 165 17401 (23555)/ 
6769 (515 to 23374) 

164 13433 (20665)/ 
4945 (1100 to 17533) 

163 11878 (16303)/ 
5511 (1234 to 15999) 

Total all costs imputed 165 22961 (22760)/ 
17055 (5733 to 32419) 

164 17685 (22622)/ 
10516 (3133 to 22284) 

163 14750 (16216)/ 
9326 (3812 to 20284) 

Secondary analysis (FC)       
Absenteeism (FC) 165 2298 (5895)/ 

0 (0 to 1797) 
164 
 

2290 (7782)/ 
0 (0 to 899) 

163 1400 (4012/ 
0 (0 to899) 

Total productivity losses 165 6760 (11806)/ 
0 (0 to 8986) 

164 3524 (6602)/ 
0 (0 to 3594) 

163 3873 (7304)/ 
0 (0 to 4493) 

Total all costs 163 17401 (23555)/ 
6769 (515 to 2337) 

164 13432.86 (20665)/ 
4945 (1100 to 17533) 

163 11878 (16303)/ 
5511 (1234 to 15999) 

Total all costs imputed 163 19805 (19638)/ 
14363 (4993 to 27660) 

165 15725 (19864)/ 
9407 (3020 to 20338) 

163 13129 (14603)/ 
8198 (3415 to 17863) 
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Primary analyses: Societal approach to productivity losses calculated using human capital approach 
 
Results Usual-care versus CFT-only (Main analysis): 
The distribution of bootstrap simulated point estimates on the cost-effectiveness plane indicate that: 
• 97% of the bootstrap replications fell into the South-East quadrant where CFT-only was more effective and 

less costly than Usual-care.  
• 3% of the bootstrap replications fell into the North-East quadrant where CFT-only was more effective and 

more costly than Usual-care. 
This finding of 97% of the replications indicating more effectiveness and less cost at the $0 per quality 
adjusted life year gained, willingness to pay threshold, means that CFT-only should be considered to be 
dominant compared to the Usual-care comparator. No cost-effectiveness acceptability curve analysis was 
conducted as there was a clearly superior (‘dominant’) option. 

Results CFT-biofeedback versus Usual-care (Main analysis):  
The distribution of bootstrap simulated point estimates on the cost-effectiveness plane indicate that: 
• 99.8% of the bootstrap replications fell into the South-East quadrant where CFT-biofeedback was both less 

costly and more effective (‘dominant’) than Usual-care 
• 0.2% of the bootstrap replications fell into the North-East quadrant where CFT-biofeedback was more 

effective but more costly than Usual-care. 
• This finding of nearly 100% of the replications indicating more effectiveness and less cost at the $0 per 

quality adjusted life year gained, willingness to pay threshold means that CFT-biofeedback should be 
considered to be dominant compared to the Usual-care comparator. No cost-effectiveness acceptability 
curve analysis was conducted as there was a clearly superior option. 

Results CFT-biofeedback versus CFT-only (Main analysis):  
The distribution of bootstrap simulated point estimates on the cost-effectiveness plane indicate there is: 
• 41% of the bootstrap replications fell into the South-West quadrant where CFT-biofeedback was less 

effective and less costly than CFT-only. 
• 6% of the bootstrap replications fell into the North-West quadrant where CFT-biofeedback was less 

effective and more costly than CFT-only. 
• 46% of the bootstrap replications fell into the South-East quadrant where CFT-biofeedback was more 

effective and less costly than CFT-only.  
• 7% of the bootstrap replications fell into the North-East quadrant where CFT-biofeedback is more effective 

and more costly than CFT-only (see Figure 3 in the main paper). 
• These results indicate that there is considerable uncertainly about whether CFT-biofeedback was more or 

less costly and effective than CFT-only. 
• The acceptability curve analysis for both CFT-biofeedback being more cost-effective than CFT-only and 

vice versa across different $AUD willingness to pay per Quality Adjusted Life Year gained thresholds is 
presented in Report A2: Figure 2. This analysis suggests that CFT-biofeedback is likely to be more cost 
effective than CFT-only across willingness to pay thresholds up to $100,000 (approximately 80% to 85% 
probability).  

Report A1: Figure 1. Cost-effectiveness planes (societal perspective, productivity losses calculated using human 
capital approach) 
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Report A1: Figure 2. Acceptability curve (CFT-only versus CFT-biofeedback) societal perspective, productivity 
losses calculated using human capital approach. 

 

 
 
Sensitivity analyses 
 
Pre-planned sensitivity analyses 
The results of the pre-planned sensitivity analyses applied to the imputed QALY values are shown in Report 
A1: Table 5. These sensitivity analyses had a negligible impact on the comparisons of QALY values between 
groups, and so were not included in further analyses:  
 
Report A1: Table 5. Differences between groups in QALYs and total costs 
 

Variable Usual-care vs CFT-only (+ve 
indicates Usual-care higher) 

Usual-care vs CFT-biofeedback 
(+ve indicates Usual-care higher) 

CFT-only vs CFT-biofeedback 
(+ve indicates CFT-only higher) 

 Mean diff 95% CI Mean diff 95% CI Mean diff 95% CI 
QALY 
 

-0·12 -0·16 to -0·08 -0·13 -0·09 to -0·17 -0·01 -0·04 to 0·03 

QALY (sensitivity: 
plus 0.105) 
 

-0·12 -0·16 to -0·08 -0·13 -0·09 to -0·16 -0·01 -0·04 to 0·03 

QALY (sensitivity: 
minus 0.105) 
 

-0·13 -0·17 to -0·09 -0·13 -0·10 to -0·17 -0·01 -0·04 to 0·03 

 
These results indicate that CFT-only and Groups CFT-biofeedback were both superior to Usual Care for increasing quality-adjusted life 
years lived and that this result was not sensitive to systematically varying the value of the imputed utility values by a large standardised 
effect size (delta=0·50) in either direction. 
 
 
Post-hoc sensitivity analysis 
A ‘complete case’ sensitivity analysis was also conducted at reviewer’s request. We included participants who 
had provided data sufficient to calculate quality adjusted life years, with at least one follow-up survey 
completion at 13, 26, 40, or 52 weeks, and who did have MBS & PBS data extractions completed. No multiple 
imputation procedures were used in this analysis. This resulted in data from n=330 participants with n=162 
without MBS or PBS data being excluded (Report A1: Table 6).  
  
We note that the distribution of missing data from the MBS and PBS databases differed between groups (control 
group had higher missing data) in a manner unlikely to be Missing Completely At Random, hence these 
analyses may have some elements of systematic bias that were not accounted for. 
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Report A1: Table 6. Selection of participants for a ‘complete case’ sensitivity analysis 
 

 Usual-care group CFT-only group CFT-biofeedback group 
MSB/PBS data 95 (58%) 119 (73%) 116 (71%) 
Missing MBS/PBS data 70 (42%) 45 (27%) 47 (29%) 

 
 
Risk ratio (95% CI, p-value) of missing CFT-biofeedback vs control = 0·68 (0·50 to 0·92, p=0·01) 
Risk ratio (95% CI, p-value) of missing CFT-alone vs control = 0·65 (0·48 to 0·88, p=0·004) 
Risk ratio (95% CI, p-value) of missing CFT-biofeedback vs CFT-alone = 1·05 (0·74 to 1·49, p=0·78) 
 
There were only 2,000 bootstrap replications undertaken of the ‘complete case’ dataset as opposed to 20,000 in 
the main analysis as there were no imputation analyses employed.  
 
These were the results: 
• Usual-Care versus CFT-only - essentially the same result.97% of the bootstrap replications fell into the 

South-East quadrant where CFT-only was more effective and less costly than Usual-care. And 3% of the 
bootstrap replications fell into the North-East quadrant where CFT-only is more effective but more costly 
than Usual-care. 

• Usual-Care versus CFT-biofeedback - essentially the same result. 97% of the bootstrap replications fell into 
the South-East quadrant where CFT-biofeedback was more effective and less costly than Usual-care. And 
3% of the bootstrap replications fell into the North-East quadrant where CFT-biofeedback is more effective 
but more costly than Usual-care. 

• CFT-only versus CFT-biofeedback – there was more uncertainty in these findings.  The ellipse has moved 
somewhat to the other side of the cost-effectiveness plane, and the acceptability curve now has the CFT-
only group trending to be more cost-effective. 
• 32% of the bootstrap replications fell into the South-West quadrant where CFT-biofeedback was less 

effective and less costly than CFT-alone. 
• 33% of the bootstrap replications fell into the North-West quadrant where CFT-biofeedback was less 

effective and more costly than CFT-alone. 
• 16% of the bootstrap replications fell into the South-East quadrant where CFT-biofeedback was both 

more effective and less costly than CFT-alone. 
• 19% of the bootstrap replications fell into the North-East quadrant where CFT-biofeedback was more 

effective but more costly than CFT-alone. 
• The acceptability curve analysis for both CFT-biofeedback being more cost-effective than CFT-only 

across different $(AUD) willingness to pay per Quality Adjusted Life Year gained thresholds was 
presented in Report A2: Figure 4. This analysis suggests that the probability that CFT-biofeedback was 
more cost effective than CFT-only across willingness to pay thresholds up to $100,000, is 
approximately only 40% to 50%.  
 

 
In considering whether our conclusions are sensitive to whether an intention-to-treat / multiple imputation (main 
analysis) or complete case / listwise deletion (sensitivity analysis) analysis approach were used, we summarise 
that: 
• The conclusion that CFT-only is both more effective and less costly than Usual-care, is NOT sensitive to 

whether we examined this using multiple imputation approach or looked at a complete case sensitivity 
analysis (same result either way). 

• Similarly, the conclusion from the main analysis that CFT-biofeedback is both more effective and less 
costly than Usual-care is NOT sensitive to whether we examined this using multiple imputation approach or 
looked at a complete case sensitivity analysis (i.e. we get essentially the same result either way). 

• When using complete case sensitivity analysis, there is even greater uncertainty as to whether CFT-
biofeedback is more effective and less costly than CFT-only, than when using the multiple imputation 
approach.   

• The acceptability curve analysis for both CFT-biofeedback being more cost-effective than CFT-only WAS 
sensitive to complete case sensitivity analysis, with the acceptability curve analysis from the complete case 
data suggesting CFT-biofeedback may be less cost-effective than CFT-only. 
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• On balance, there was insufficient evidence to support a firm conclusion favouring either CFT treatment 
over the other. 

 

Report A1: Figure 3. Cost-effectiveness planes (complete case sensitivity analysis) 

 

 
 
 
The acceptability curve analysis for both CFT-only being more cost-effective than CFT-biofeedback and vice 
versa across different $(AUD) willingness to pay per quality adjusted life year gained thresholds is presented 
below in Report A1: Figure 4. This analysis indicates little distinction between groups at lower willingness to 
pay thresholds, but that CFT-only becomes marginally more likely to be more cost effective than CFT-
biofeedback at higher willingness to pay thresholds. This plateaus though at the willingness to pay threshold of 
~$60,000 per QALY gained, where there is approximately 60% probability that CFT-only was more cost-
effective. 
 
 
Report A1: Figure 4. Acceptability curve (CFT-only versus CFT-biofeedback) complete case analysis. 
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Secondary analyses: Friction approach to productivity costs 
 
Results CFT-only versus Usual-care (Secondary analysis – Friction approach): 
The distribution of simulated point estimates on the cost-effectiveness plane indicate that: 
• 95% of the bootstrap replications fell into the South-East quadrant where CFT-only was both more effective 

and less costly than Usual-care. 
• 5% of the bootstrap replications fell into the North-East quadrant where CFT-only was more effective but 

more costly than Usual-care. 
• A point estimate for the mean difference in Quality Adjusted Life Years gained (in favour of CFT-only) of 

0·122 per person treated.  
• A point estimate for the mean difference in costs, in favour of CFT-only, of $(AUD)4,076 per person. 

 

Report A1: Figure 5. Cost-effectiveness planes (friction productivity cost approach) 

 
 
 

This result indicates a large amount of probability that CFT-only was both more effective and less costly than 
Usual-care. The cost effectiveness acceptability curve analysis indicates that there was almost 100% probability 
of CFT-only being cost-effective compared to Usual-care from willingness to pay thresholds of $(AUD)65,000 
and above (see Report A2: Figure 6). In Australia, a $(AUD)50,000 willingness to pay threshold is commonly 
cited as an acceptable threshold (Savira et al. 2021). However, there is evidence that in practice, the actual 
threshold is higher than this as a 2001 paper reported that the Australian Pharmaceutical Benefits Advisory 
Committee has recommend drugs for public subsidy listing with incremental cost-effectiveness ratios of 
$(AUD)76,000 per quality adjusted life year gained (George et al. 2001). Given inflation since this time and the 
reference year for this study, a value nearly double the $50,000 threshold may be in use when justifying public 
subsidy of pharmaceuticals in Australia. Across all of the willingness to pay thresholds considered, there was 
strong evidence that CFT-only would be considered to be more cost-effective compared to Usual-care in the 
Australian context.  

Savira F, Wang BH, Kompa AR, Ademi Z, Owen AJ, Zoungas S, Tonkin A, Liew D, Zomer E. Cost-effectiveness 
of dapagliflozin in chronic heart failure: an analysis from the Australian healthcare perspective. European 
journal of preventive cardiology. 2021 Sep;28(9):975-82. 

George B, Harris A, Mitchell A. Cost-effectiveness analysis and the consistency of decision making: evidence 
from pharmaceutical reimbursement in Australia (1991 to 1996). Pharmacoeconomics. 2001 Nov;19:1103-9 
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Report A1: Figure 6. Acceptability curve (CFT-only versus Usual-care) friction approach 

 
 
Results CFT-biofeedback versus Usual-care (Secondary analysis – Friction approach): 
The distribution of simulated point estimates on the cost-effectiveness plane indicate that: 
• 99·6% of the bootstrap replications fell into the South-East quadrant where CFT-biofeedback was more 

effective and less costly than Usual-care (see Report A2: Figure 1). 
• 0·4% of the bootstrap replications fell into the North-East quadrant where CFT-biofeedback was more 

effective but more costly than Usual-care. 
• The point estimate for the mean difference in Quality Adjusted Life Years gained (in favour of CFT-

biofeedback) was 0·123 per person treated   
• The point estimate for the mean difference in costs (friction approach, in favour of CFT-biofeedback) was 

$AUD6,654 per person. 
• This could be referred to as a dominant result in favour of CFT-biofeedback where it was both more 

effective and less costly than Usual-care. 

 
Results CFT-biofeedback versus CFT-only (Secondary analysis – Friction approach): 
The distribution of simulated point estimates on the cost-effectiveness plane indicate there is: 
• 41% of the bootstrap replications fell into the South-West quadrant where CFT-biofeedback was less 

effective and less costly than CFT-alone. 
• 7% of the bootstrap replications fell into the North-West quadrant where CFT-biofeedback was less 

effective and more costly than CFT-alone. 
• 46% of the bootstrap replications fell into the South-East quadrant where CFT-biofeedback was both more 

effective and less costly than CFT-alone. 
• 7% of the bootstrap replications fell into the North-East quadrant where CFT-biofeedback was more 

effective but more costly than CFT-alone. 
• The point estimate for the mean difference in Quality Adjusted Life Years gained (in favour of CFT-

biofeedback) was 0·002 per person treated.  
• The point estimate for the mean difference in costs (friction approach, in favour of CFT-biofeedback) was 

$AUD2,599 per person. 
The acceptability curve analysis indicated that the maximum willingness to pay threshold to gain a Quality 
Adjusted Life Year had little direct impact on which is likely to be more cost-effective across different, 
plausible threshold values.  CFT-biofeedback was more likely to be cost-effective with approximately 80% 
to 85% probability across these threshold values (see Report A2: Figure 7). 
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Report A1: Figure 7. Acceptability curve (CFT-only versus CFT-biofeedback) friction approach 

 
 
In considering whether our conclusions are sensitive to whether a human capital approach (main analysis) or 
friction method (secondary analysis) approach to calculation of productivity losses, we summarise that: 
• The conclusion that CFT-only is both more effective and less costly than Usual-care is NOT sensitive to 

whether we calculated productivity losses using a human capital approach or the friction method (same 
result either way given the willingness to pay threshold at which >95% probability was achieved was well 
below thresholds acceptable in Australian society). 

• The conclusion from the main analysis that CFT-biofeedback is both more effective and less costly than 
Usual-care is NOT sensitive to whether we calculated productivity losses using a human capital approach or 
the friction method (same result either way). 

• The finding that there is considerable  uncertainty whether CFT-only is more effective and less costly than 
CFT-biofeedback was NOT sensitive to whether we calculated productivity losses using a human capital 
approach or the friction method (same result either way).  There was insufficient evidence to support a firm 
conclusion favouring either condition. 
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Report A2: Adverse events 
 
Our definitions of adverse events are closely adapted from the Guidance: Safety monitoring and reporting in 
clinical trials involving therapeutic goods (2016), by the Australian National Health and Medical Research 
Council: 

Adverse Event: Any untoward medical occurrence in a participant and that does not necessarily have a 
causal relationship with this treatment. 
Serious Adverse Event: Any low back pain-related adverse event that resulted in death, was life-
threatening, required hospitalisation, or resulted in persistent or significant disability or incapacity. 
These events do not necessarily have a causal relationship with this treatment. 

 
Adverse event data were obtained from one or more of the following sources: 

(1) Participant-reported free-text responses to the following question in any of the follow-up 
questionnaires from 3 weeks to 12 months: “Have you had a new medical condition or a flare up of an 
existing condition since the last contact with the study researchers?” 

(2) Participant-reported free-text responses to questions in the follow-up questionnaires about 
hospitalisation and care-seeking. 

(3) Treating physiotherapist reports entered into the trial database at any time. 
(4) Care-seeking items in the Medicare Benefits Schedule data. 

Reported adverse events were coded using ICD-11 codes by one researcher and a random 10% were 
independently re-coded. There were three pertinent but trivial differences in coding and subsequently coding of 
the whole sample was then rechecked. 
 
 
 
The full detail of all adverse events can be seen in Report A2: Table 1. 
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Report A2: Table 1. Adverse Events Full Detail (over the whole 12-month observation period) 
 

  Usual-care 
(n=165) 

CFT-only 
(n=164) 

CFT-
biofeedback 
(n=163) 

All adverse events (ICD-11 code) Consolidated code    
MB24·3: Anxiety Anxiety 1 (0·6%) 4 (2·4%) 6 (3·7%) 
FA01·Z: Osteoarthritis of knee, unspecified Arthritis 2 (1·2%) 2 (1·2%) 2 (1·2%) 
FA0Z: Osteoarthritis, unspecified Arthritis 2 (1·2%) 1 (0·6%) 0 (0%) 
FA20·Z: Rheumatoid arthritis, serology unspecified Arthritis 0 (0%) 1 (0·6%) 1 (0·6%) 
FA25·2Z: Gout, unspecified  Arthritis 0 (0%) 1 (0·6%) 1 (0·6%) 
FA00·Z: Osteoarthritis of hip, unspecified Arthritis 1 (0·6%) 0 (0%) 0 (0%) 
FA02·0· Primary osteoarthritis of wrist or hand Arthritis 0 (0%) 1 (0·6%) 0 (0%) 
FA21·Z: Psoriatic arthritis, unspecified Arthritis 0 (0%) 1 (0·6%) 0 (0%) 
FA24·Z· Juvenile idiopathic arthritis, unspecified Arthritis 0 (0%) 1 (0·6%) 0 (0%) 
FA8Z: Degenerative condition of spine, unspecified Arthritis 0 (0%) 0 (0%) 2 (1·2%) 
FA92·Z: Inflammatory spondyloarthritis, unspecified Arthritis 1 (0·6%) 0 (0%) 0 (0%) 
FB82·1: Osteochondrosis or osteochondritis 
dissecans, Scheuermann disease 

Arthritis 1 (0·6%) 0 (0%) 0 (0%) 

6A05·Z:Attention deficit hyperactivity disorder, 
presentation unspecified 

Attention disorder 1 (0·6%) 0 (0%) 1 (0·6%) 

3A00·Z: Iron deficiency anaemia, unspecified Blood disorder 0 (0%) 1 (0·6%) 2 (1·2%) 
3C0Y: Other specified diseases of the blood or blood-
forming organs, Blood dyscrasia 

Blood disorder 1 (0·6%) 0 (0%) 0 (0%) 

5C80·00: Primary hypercholesterolaemia Blood disorder 0 (0%) 1 (0·6%) 0 (0%) 
MA18·0: Elevated blood glucose level  Blood disorder 1 (0·6%) 0 (0%) 0 (0%) 
FB83·1Z· Osteoporosis, unspecified  Bone disorder 0 (0%) 2 (1·2%) 0 (0%) 
BA00·Z: Essential hypertension, unspecified Cardio-vascular 2 (1·2%) 0 (0%) 0 (0%) 
BC9Z: Cardiac arrhythmia, unspecified Cardio-vascular 0 (0%) 1 (0·6%) 0 (0%) 
BD42·1: Secondary Raynaud phenomenon Cardio-vascular 0 (0%) 1 (0·6%) 1 (0·6%) 
BD72: Venous thromboembolism Cardio-vascular 0 (0%) 1 (0·6%) 1 (0·6%) 
8B10·Z: Transient ischaemic attack, unspecified Cardio-vascular 1 (0·6%) 0 (0%) 0 (0%) 
8B22·A: Subclavian steal syndrome Cardio-vascular 0 (0%) 0 (0%) 1 (0·6%) 
8D89·2: Postural orthostatic tachycardia  
syndrome 

Cardio-vascular 1 (0·6%) 0 (0%) 0 (0%) 

BA21: Orthostatic hypotension Cardio-vascular 0 (0%) 0 (0%) 1 (0·6%) 
BA41·Z: Acute myocardial infarction, unspecified Cardio-vascular 0 (0%) 1 (0·6%) 0 (0%) 
BB71·Z: Aortic valve insufficiency, unspecified Cardio-vascular 0 (0%) 0 (0%) 1 (0·6%) 
BC81·3Z· Atrial fibrillation, unspecified Cardio-vascular 0 (0%) 1 (0·6%) 0 (0%) 
Non-trial related death· PA23 Unintentional land 
transport event unknown whether traffic or nontraffic 
injuring a motor cyclist 

Death 0 (0%) 0 (0%) 1 (0·6%) 

6A7Z· Depressive disorders, unspecified Depression 3 (1·8%) 1 (0·6%) 3 (1·8%) 
AB31·2: Benign positional paroxysmal vertigo Dizziness 1 (0·6%) 0 (0%) 0 (0%) 
MB48·Z: Dizziness and giddiness, unspecified Dizziness 0 (0%) 1 (0·6%) 2 (1·2%) 
Non-trial related event (domestic violence) Domestic violence 1 (0·6%) 1 (0·6%) 0 (0%) 
5A00·Z· Hypothyroidism, unspecified Endocrine 2 (1·2%) 0 (0%) 0 (0%) 
8A6Z: Epilepsy or seizures, unspecified Epilepsy 0 (0%) 0 (0%) 1 (0·6%) 
MG22: Fatigue Fatigue 0 (0%) 0 (0%) 2 (1·2%) 
GA10·B3: Endometriosis of fallopian tube, 
adenomyosis of fallopian tube 

Female pelvic pain 0 (0%) 1 (0·6%) 0 (0%) 

GA10·Z: Endometriosis of unspecified site Female pelvic pain 0 (0%) 1 (0·6%) 0 (0%) 
GA34·2Z: Female pelvic pain, unspecified Female pelvic pain 0 (0%) 1 (0·6%) 0 (0%) 
4A85·2Z: Food hypersensitivity, unspecified Food allergy 0 (0%) 1 (0·6%) 0 (0%) 
ND13·3: Fracture of metatarsal bone Fracture 0 (0%) 0 (0%) 3 (1·8%) 
NA82·3Z: Fracture of rib, unspecified Fracture 0 (0%) 1 (0·6%) 0 (0%) 
NB52·10: Fracture of sacrum without disruption of 
pelvic ring 

Fracture 0 (0%) 1 (0·6%) 0 (0%) 

NC12·1Z: Fracture of scapula, unspecified Fracture 1 (0·6%) 0 (0%) 0 (0%) 
NC12·3: Fracture of shaft of humerus Fracture 1 (0·6%) 0 (0%) 0 (0%) 
NC12·7: Fracture of shoulder girdle, part unspecified Fracture 1 (0·6%) 0 (0%) 0 (0%) 
NC53·6Z: Fracture of other finger bone, unspecified Fracture 0 (0%) 0 (0%) 1 (0·6%) 
ND13·Y Fracture of other specified part of foot, 
except ankle 

Fracture 0 (0%) 1 (0·6%) 0 (0%) 

NC92·Y: Fracture of other specified part of lower 
leg, including ankle 

Fracture 0 (0%) 0 (0%) 1 (0·6%) 

ND50: vertebral compression fracture Fracture 0 (0%) 1 (0·6%) 0 (0%) 
ND52: Fracture of arm, level unspecified Fracture 0 (0%) 0 (0%) 1 (0·6%) 
Non-trial related findings of previous vertebral 
fractures 

Fracture 1 (0·6%) 0 (0%) 0 (0%) 

DB60·Z: Haemorrhoids, unspecified Gastrointestinal 0 (0%) 2 (1·2%) 0 (0%) 
DD00·Z: Diverticulitis of unspecified part of 
intestine without specification of presence or absence 
of complications 

Gastrointestinal 2 (1·2%) 1 (0·6%) 1 (0·6%) 

1A1Z: Bacterial foodborne intoxications, unspecified Gastrointestinal 1 (0·6%) 0 (0%) 0 (0%) 
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  Usual-care 
(n=165) 

CFT-only 
(n=164) 

CFT-
biofeedback 
(n=163) 

1A40·0· Gastroenteritis or colitis without 
specification of origin 

Gastrointestinal 0 (0%) 1 (0·6%) 1 (0·6%) 

DA22·Z: Gastro-oesophageal reflux disease, 
unspecified 

Gastrointestinal 0 (0%) 1 (0·6%) 0 (0%) 

DA42·5· Gastritis due to duodenogastric reflux Gastrointestinal 0 (0%) 1 (0·6%) 1 (0·6%) 
DA60·Z: Gastric ulcer, unspecified  Gastrointestinal 0 (0%) 1 (0·6%) 0 (0%) 
DD71·Z: Ulcerative colitis, unspecified  Gastrointestinal 1 (0·6%) 0 (0%) 0 (0%) 
DD91·0Z: Irritable bowel syndrome, type unspecified Gastrointestinal 0 (0%) 1 (0·6%) 1 (0·6%) 
DD53: Umbilical hernia Gastrointestinal 0 (0%) 0 (0%) 1 (0·6%) 
MD90·1: Vomiting Gastrointestinal 0 (0%) 1 (0·6%) 0 (0%) 
ME05·0: Constipation Gastrointestinal 0 (0%) 1 (0·6%) 0 (0%) 
MB4D: Headache, not elsewhere classified Headache 1 (0·6%) 2 (1·2%) 1 (0·6%) 
PA1E Unintentional land transport nontraffic event 
injuring a rider of an animal 

Horse-riding injury 0 (0%) 0 (0%) 1 (0·6%) 

LD28·1Y: Other specified types of Ehlers-Danlos 
syndrome 

Hyper-mobility 2 (1·2%) 1 (0·6%) 0 (0%) 

Hypochondriasis Hypochondriasis 0 (0%) 1 (0·6%) 0 (0%) 
DB70·Z: Infections of the anal region, unspecified Infection 0 (0%) 0 (0%) 1 (0·6%) 
1B70·Z· Bacterial cellulitis or lymphangitis due to 
unspecified bacterium 

Infection 0 (0%) 1 (0·6%) 0 (0%) 

1F23·1Z: Candidosis of skin or mucous membranes, 
unspecified 

Infection 0 (0%) 1 (0·6%) 0 (0%) 

9C20·2: Purulent endophthalmitis Infection 1 (0·6%) 0 (0%) 0 (0%) 
GC08·Z: Urinary tract infection, site and agent not 
specified 

Infection 2 (1·2%) 0 (0%) 0 (0%) 

GB70·0Z: Calculus of kidney, unspecified Kidney stone 0 (0%) 1 (0·6%) 1 (0·6%) 
MB40·3: Anaesthesia of skin Loss of sensation 2 (1·2%) 4 (2·4%) 1 (0·6%) 
ME84·2Z: Low back pain, unspecified Low back pain 52 (31·5%) 62 (37·8%) 62 (37·8%) 
ME84·2Z: Low back pain, unspecified (required 
hospitalisation) 

Low back pain 0 (0%) 1 (0·6%) 1 (0·6%) 

FB1Y Other specified conditions associated with the 
spine, herniation of disc· *required surgery 

Low back pain-related 
surgery or procedure 

0 (0%) 1 (0·6%) 1 (0·6%) 

ND56·4: Injury of nerve of unspecified body region 
(nerve block injection related) 

Low back pain-related 
surgery or procedure 

0 (0%) 0 (0%) 1 (0·6%) 

Trial-related procedure (a bilateral L1, L2 & L3 facet 
medial branches radiofrequency neurotomy plus 
bilateral L2 L3 transforaminal block) 

Low back pain-related 
surgery or procedure 

0 (0%) 0 (0%) 1 (0·6%) 

Trial-related surgery (spinal decompression and 
fusion) 

Low back pain-related 
surgery or procedure 

0 (0%) 0 (0%) 1 (0·6%) 

ME84·20: Lumbago with sciatica Lower limb pain or 
sciatica 

6 (3·6%) 6 (3·6%) 5 (3·1%) 

ME82· Pain in joint, knee joint Lower limb pain or 
sciatica 

6 (3·6%) 7 (4·3%) 12 (7·4%) 

ME82: Pain in joint, hip joint Lower limb pain or 
sciatica 

6 (3·6%) 6 (3·6%) 10 (6·1%) 

FB56·4: Pain in limb, pain in foot Lower limb pain or 
sciatica 

2 (1·2%) 5 (3·0%) 10 (6·1%) 

FB56·4: Pain in limb, pain in leg Lower limb pain or 
sciatica 

5 (3·0%) 5 (3·0%) 4 (2·5%) 

ME82: Pain in joint, ankle joint Lower limb pain or 
sciatica 

2 (1·2%) 1 (0·6%) 1 (0·6%) 

GA30·Z: Menopausal and perimenopausal disorders, 
unspecified 

Menopause 0 (0%) 2 (1·2%) 0 (0%) 

8A80·Z: Migraine, unspecified Migraine 1 (0·6%) 3 (1·8%) 1 (0·6%) 
MB47·3: Cramp or spasm, Muscle cramp Muscle cramp 2 (1·2%) 1 (0·6%) 0 (0%) 
Non-trial related surgery (skin cancer) Non-trial related 

surgery 
0 (0%) 1 (0·6%) 3 (1·8%) 

Non-trial related surgery (cardiac stents) Non-trial related 
surgery 

0 (0%) 1 (0·6%) 0 (0%) 

Non-trial related surgery (cardiac) Non-trial related 
surgery 

0 (0%) 0 (0%) 1 (0·6%) 

Non-trial related surgery (cataracts)  Non-trial related 
surgery 

0 (0%) 0 (0%) 1 (0·6%) 

Non-trial related surgery (gall bladder) Non-trial related 
surgery 

1 (0·6%) 0 (0%) 0 (0%) 

Non-trial related surgery (gall bladder removal) Non-trial related 
surgery 

1 (0·6%) 0 (0%) 0 (0%) 

Non-trial related surgery (hemorrhoidal 
dearterialization) 

Non-trial related 
surgery 

1 (0·6%) 0 (0%) 0 (0%) 

Non-trial related surgery (hernia) Non-trial related 
surgery 

0 (0%) 1 (0·6%) 0 (0%) 
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Non-trial related surgery (hiatus hernia) Non-trial related 
surgery 

0 (0%) 0 (0%) 1 (0·6%) 

Non-trial related surgery (hysterectomy) Non-trial related 
surgery 

0 (0%) 1 (0·6%) 0 (0%) 

Non-trial related surgery (knee lateral meniscus tear) Non-trial related 
surgery 

0 (0%) 0 (0%) 1 (0·6%) 

Non-trial related surgery (NC52·01: Laceration with 
foreign body of finger or thumb, requiring surgery) 

Non-trial related 
surgery 

1 (0·6%) 0 (0%) 0 (0%) 

Non-trial related surgery (rotator cuff reconstruction 
surgery) 

Non-trial related 
surgery 

0 (0%) 1 (0·6%) 0 (0%) 

Non-trial related surgery (toe removal)  Non-trial related 
surgery 

0 (0%) 1 (0·6%) 0 (0%) 

Non-trial related surgery (tonsillectomy) Non-trial related 
surgery 

0 (0%) 1 (0·6%) 0 (0%) 

Non-trial related surgery (total knee replacement) Non-trial related 
surgery 

0 (0%) 0 (0%) 1 (0·6%) 

Non-trial related surgery (vascular emboli) Non-trial related 
surgery 

1 (0·6%) 0 (0%) 0 (0%) 

Death (road traffic accident) Non-trial related death 0 (0%) 0 (0%) 1 (0·6%) 
MD81·12: Pain localised to other parts of lower 
abdomen 

Pain - abdominal 2 (1·2%) 2 (1·2%) 3 (1·8%) 

MD81·10: Pain localised to upper abdomen· 
gastric pain 

Pain - abdominal 0 (0%) 2 (1·2%) 0 (0%) 

MD81·4: Other and unspecified abdominal pain Pain - abdominal 0 (0%) 1 (0·6%) 0 (0%) 
ME84·0: Cervical spine pain Pain - neck or thoracic 9 (5·5%) 13 (7·9%) 4 (2·5%) 
ME84·1: Thoracic spine pain Pain - neck or thoracic 7 (4·2%) 7 (4·3%) 6 (3·7%) 
B56·4: Pain in limb, pelvic region or thigh Pain - pelvic 0 (0%) 2 (1·2%) 1 (0·6%) 
ME84·Z: Spinal pain, unspecified, coccyx pain Pain - coccyx 1 (0·6%) 0 (0%) 0 (0%) 
ME82: Pain in joint, ribs Pain - rib 0 (0%) 4 (2·4%) 1 (0·6%) 
FB56·4: Pain in limb, shoulder region  Pain - upper limb 3 (1·8%) 4 (2·5%) 4 (2·5%) 
FB56·4: Pain in limb, pain in hand Pain - upper limb 2 (1·2%) 2 (1·2%) 3 (1·8%) 
FB56·4: Pain in limb, wrist joint  Pain - upper limb 0 (0%) 1 (0·6%) 1 (0·6%) 
ME82: Pain in joint, elbow joint Pain - upper limb 0 (0%) 1 (0·6%) 1 (0·6%) 
FB56·4: Pain in limb, pain in arm Pain - upper limb 1 (0·6%) 1 (0·6%) 0 (0%) 
MG30·01: Chronic widespread pain: Fibromyalgia Pain - widespread 2 (1·2%) 1 (0·6%) 3 (1·8%) 
MG30·02: Chronic primary musculoskeletal pain Pain - widespread 0 (0%) 0 (0%) 1 (0·6%) 
FA32·Z· Disorders of patella, unspecified Patellar problem 0 (0%) 1 (0·6%) 0 (0%) 
Non-trial related event (pregnancy) Pregnancy 1 (0·6%) 3 (1·8%) 2 (1·2%) 
FA80·9: Intervertebral disc degeneration of lumbar 
spine with prolapsed disc 

Prolapsed intervertebral 
disc 1 (0·6%) 1 (0·6%) 1 (0·6%) 

1E32: influenza, virus not identified Respiratory tract 1 (0·6%) 0 (0%) 1 (0·6%) 
CA01: Acute sinusitis Respiratory tract 0 (0%) 1 (0·6%) 2 (1·2%) 
CA0A·Z: Chronic rhinosinusitis, unspecified Respiratory tract 0 (0%) 1 (0·6%) 0 (0%) 
CA23·3: Unspecified asthma Respiratory tract 0 (0%) 1 (0·6%) 0 (0%) 
CA24: Bronchiectasis Respiratory tract 1 (0·6%) 0 (0%) 1 (0·6%) 
CA40·Z· Pneumonia organism unspecified Respiratory tract 0 (0%) 0 (0%) 2 (1·2%) 
CA2Z: Lower respiratory tract disease, unspecified Respiratory tract 0 (0%) 0 (0%) 1 (0·6%) 
MD12: Cough Respiratory tract 0 (0%) 0 (0%) 1 (0·6%) 
MD30·Z: Chest pain, unspecified Respiratory tract 0 (0%) 0 (0%) 1 (0·6%) 
FA70·1· Scoliosis Scoliosis 0 (0%) 0 (0%) 1 (0·6%) 
FA70·1: Degenerative Scoliosis Scoliosis 0 (0%) 0 (0%) 1 (0·6%) 
ME86·DZ: Symptom or complaint of the shoulder, 
unspecified 

Shoulder condition 
0 (0%) 2 (1·2%) 1 (0·6%) 

EK02·Y· Irritant contact dermatitis due to other 
specified cause 

Skin reactions 
0 (0%) 1 (0·6%) 6 (3·7%) 

EB05: Urticaria of unspecified type Other skin condition 1 (0·6%) 0 (0%) 0 (0%) 
EH90·3: Pressure ulceration grade 4 Other skin condition 1 (0·6%) 0 (0%) 0 (0%) 
FB50·Z: Bursitis, unspecified, Bursitis with unknown 
aetiology, hip joint 

Strain or sprain  
5 (3·0%) 1 (0·6%) 0 (0%) 

FB50·Z: Bursitis, unspecified, Bursitis with unknown 
aetiology, shoulder region 

Strain or sprain  
5 (3·0%) 0 (0%) 1 (0·6%) 

FA36·Y:  Effusion of joint, knee joint Strain or sprain  0 (0%) 2 (1·2%) 0 (0%) 
FB50·Z: Bursitis, unspecified  Strain or sprain  1 (0·6%) 1 (0·6%) 1 (0·6%) 
FB53·1: Rotator cuff syndrome Strain or sprain  2 (1·2%) 0 (0%) 0 (0%) 
FB55·1: Lateral epicondylitis of elbow Strain or sprain  2 (1·2%) 0 (0%) 0 (0%) 
NA23·4Z: Strain or sprain of cervical spine, 
unspecified, Whiplash injury 

Strain or sprain  
0 (0%) 1 (0·6%) 1 (0·6%) 

NC16·0Z: Injury of muscle or tendon of 
the rotator cuff of shoulder, unspecified 

Strain or sprain  
1 (0·6%) 1 (0·6%) 0 (0%) 

NC93·31: Tear of lateral meniscus Strain or sprain  1 (0·6%) 0 (0%) 1 (0·6%) 
FB32·5: Muscle strain or sprain Strain or sprain  1 (0·6%) 0 (0%) 1 (0·6%) 
FB40·1: Plantar fasciitis Strain or sprain  0 (0%) 1 (0·6%) 2 (1·2%) 
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FB40·Y: Other specified tenosynovitis, Achilles 
tendinitis 

Strain or sprain  
0 (0%) 0 (0%) 1 (0·6%) 

FB40·Z: Tenosynovitis, unspecified Strain or sprain  0 (0%) 0 (0%) 1 (0·6%) 
NB53·Y: Sprain or strain of symphysis pubis Strain or sprain  1 (0·6%) 0 (0%) 0 (0%) 
NC13·8· Strain or sprain of other or unspecified parts 
of shoulder girdle 

Strain or sprain  
2 (1·2%) 1 (0·6%) 0 (0%) 

NC5Z: Injuries to the wrist or hand, unspecified Strain or sprain  0 (0%) 0 (0%) 1 (0·6%) 
NC76·2Z: Injury of adductor muscle, fascia or tendon 
of thigh, unspecified 

Strain or sprain  
0 (0%) 0 (0%) 1 (0·6%) 

NC96·00: Strain or sprain of Achilles tendon Strain or sprain  0 (0%) 0 (0%) 1 (0·6%) 
ND11·Z: Superficial injury of ankle or foot, 
unspecified 

Strain or sprain  
0 (0%) 0 (0%) 1 (0·6%) 

ND14·7Z· Strain or sprain of ankle, unspecified Strain or sprain  0 (0%) 1 (0·6%) 0 (0%) 
NC96·1 Injury of other muscle, fascia or tendon of 
posterior muscle group at lower leg level 

Strain or sprain  
0 (0%) 1 (0·6%) 1 (0·6%) 

QE01: Stress, not elsewhere classified  Stress 0 (0%) 7 (4·3%) 2 (1·2%) 
ND56·0: Superficial injury of unspecified body 
region 

Superficial injury 
0 (0%) 1 (0·6%) 0 (0%) 

FB56·6: Swelling of leg  Swelling - leg 0 (0%) 1 (0·6%) 0 (0%) 
5A03·20: Hashimoto thyroiditis Thyroid condition 1 (0·6%) 0 (0%) 0 (0%) 
5A51·1: Secondary hyperparathyroidism Thyroid condition 0 (0%) 1 (0·6%) 0 (0%) 
2C3Z: Malignant neoplasm of skin of unknown or 
unspecified type 

Tumour 
0 (0%) 0 (0%) 1 (0·6%) 

2E86·0: Leiomyoma of uterus, uterine fibroid Tumour 0 (0%) 1 (0·6%) 0 (0%) 
2F97: Neoplasms of unknown behaviour of prostate Tumour 0 (0%) 0 (0%) 1 (0·6%) 
LA05·7: Brain cystic malformations Tumour 0 (0%) 1 (0·6%) 0 (0%) 
GA90: Hyperplasia of prostate  Urinary tract 0 (0%) 0 (0%) 1 (0·6%) 
MF50·2Z: Urinary incontinence, unspecified 
 

Urinary tract 
 

1 (0·6%) 
 

0 (0%) 
 

0 (0%) 
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