
SUPPLEMENTARY APPENDIXMyeloproliferative Disorders

A pooled analysis of overall survival in COMFORT-I and COMFORT-II, 2
randomized phase III trials of ruxolitinib for the treatment of 
myelofibrosis
Alessandro M. Vannucchi,1 Hagop M. Kantarjian,2 Jean-Jacques Kiladjian,3 Jason Gotlib,4 Francisco Cervantes,5
Ruben A. Mesa,6 Nicholas J. Sarlis,7 Wei Peng,7 Victor Sandor,7 Prashanth Gopalakrishna,8 Abdel Hmissi,8
Viktoriya Stalbovskaya,8 Vikas Gupta,9 Claire Harrison,10 and Srdan Verstovsek2 on behalf of the COMFORT Investiga-
torsa
1University of Florence, Italy; 2The University of Texas MD Anderson Cancer Center, Houston, TX, USA; 3Hôpital Saint-Louis 
et Université Paris Diderot, Paris, France; 4Stanford Cancer Institute, CA, USA; 5Hospital Clínic, Institut d’Investigacions Biomèdiques
August Pi i Sunyer, Barcelona, Spain; 6Mayo Clinic, Scottsdale, AZ, USA; 7Incyte Corporation, Wilmington, DE, USA; 8Novartis Pharma
AG, Basel, Switzerland; 9Princess Margaret Cancer Center, University of Toronto, Ontario, Canada; and 10Guy’s and St. Thomas’ NHS
Foundation Trust, Guy’s Hospital, London, UK 

©2015 Ferrata Storti Foundation. This is an open-access paper. doi:10.3324/haematol.2014.119545
Manuscript received on October 28, 2014. Manuscript accepted on June 5, 2015.
Correspondence: amvannucchi@unifi.it



1 
 

Supplemental Materials 

 

COMFORT-I Investigators 

Australia: Royal Perth Hospital, Perth, WA – P. Cannell; Peninsula Haematology and Oncology Clinic, 

Frankston Hospital, Frankston, Victoria – J. V. Catalano; St. George Hospital, Kogarah, NSW – B. H. 

Chong; Monash University/Box Hill Hospital, Box Hill, Victoria – P. Coughlin; Royal Brisbane and 

Women’s Hospital, Herston, Queensland – S. T. S. Durrant; Monash Medical Centre, Clayton, Victoria – 

T. E. Gan; Townsville Hospital, Douglas, QLD – H. C. Lai; Fremantle Hospital and Health Service, 

Fremantle, WA – M. F. Leahy; Maroondah Hospital, Ringwood East, Victoria – M. Leyden; Prince of 

Wales Hospital, Randwick, NSW – R. Lindeman; St. Vincent’s Hospital, Darlinghurst, NSW – D. Ma; 

Haematology and Oncology Clinics of Australia, Milton, QLD – A. Perkins; Princess Alexandra Hospital, 

Woolloongabba, QLD – A. C. Perkins; Flinders Medical Centre, Bedford Park, SA – D. Ross; Royal North 

Shore Hospital, St. Leonards, NSW – W. Stevenson; Canada: Eastern Health, St. John’s, NL – K. 

Grewal; Princess Margaret Hospital, University of Toronto, Toronto, ON – V. Gupta; London Health 

Sciences Centre, London, ON – K. Howson-Jan; St. Paul’s Hospital, Vancouver, BC – S. Jackson; Royal 

Victoria Hospital, Montreal, QC – C. Shustik; Ottawa Hospital-General Campus, Ottawa, ON – R. van der 

Jagt; United States: Hollings Cancer Center, Charleston, SC – L. Afrin; Indiana Blood and Marrow 

Transplantation, LLC, Beech Grove, IN – L. P. Akard; Duke University Medical Center, Durham, NC – M. 

O. Arcasoy; Froedtert Hospital and Medical College of Wisconsin, Milwaukee, WI – E. Atallah; 

Northwestern Memorial Hospital, Chicago, IL – J. Altman; Mayo Clinic Arizona, Scottsdale, AZ – J. 

Camoriano; Berks Hematology Oncology Associates, West Reading, PA – T. P. Cescon; University of 

Florida, Gainesville, FL – C. R. Cogle; University of Texas Southwestern Medical Center, Dallas, TX – R. 

Collins, Jr.; Oregon Health and Science University, Portland, OR – K-H. Dao; Fred Hutchinson Cancer 

Research Center, Seattle, WA – H. J. Deeg; Division of Hematology and Hematologic Malignancies and 

Huntsman Cancer Institute, University of Utah, Salt Lake City, UT – M. Deininger; Rocky Mountain 

Cancer Centers, Aurora, CO – N. J. DiBella; Washington University School of Medicine, St. Louis, MO – 

J. F. DiPersio; University of California- Irvine Medical Center, Orange, CA – A. Faitlowicz; Florida 

Pulmonary Research Institute, LLC, Winter Park, FL – F. A. Fakih; Norwalk Hospital, Norwalk, CT – R. 
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Frank; Gabrail Cancer Center Research, Canton, OH – N. Y. Gabrail; Hackensack University Medical 

Center, Hackensack, NJ – S. L. Goldberg; Stanford Cancer Institute, Stanford, CA – J. Gotlib; Dayton 

Physicians, LLC, Dayton, OH – H. M. Gross; Birmingham Hematology and Oncology Associates, LLC, 

Birmingham AL – J. H. Harvey, Jr.; University of Louisville, Louisville, KY – R. H. Herzig; Abramson 

Cancer Center at the University of Pennsylvania, Philadelphia, PA – E. Hexner; Vermont Cancer Center, 

Burlington, VT – C. E. Holmes; Beaver Medical Group, Highland, CA – E. Ibrahim; Palm Beach Cancer 

Institute, West Palm Beach, FL – R. Jacobson; Moores University of California-San Diego Cancer Center, 

La Jolla, CA – C. Jamieson; University of Iowa Hospitals and Clinic, Iowa City, IA – K. Jamieson; Jones 

Clinic, PC, Germantown, TN – C. M. Jones; University of Texas M.D. Anderson Cancer Center, Houston, 

TX – H. M. Kantarjian; Vanderbilt Clinic, Nashville, TN – A. Kassim; Georgetown University Medical 

Center, Washington, DC – C. M. Kessler; University Hospitals Case Medical Center, Cleveland, OH – T. 

Kindwall-Keller; Tower Cancer Research Foundation, Beverly Hills, CA – P. P. N. Lee; Cancer Care 

Centers of South Texas/US Oncology, San Antonio, TX – R. M. Lyons; Front Range Cancer Specialists, 

Fort Collins, CO – R. Marschke, Jr.; Mount Sinai School of Medicine, New York, NY – J. Mascarenhas; 

Palm Beach Institute of Hematology and Oncology, Boynton Beach, FL – E. Meiri; Kaiser Permanente, 

Denver, CO – A. Menter; Mayo Clinic-Arizona, Scottsdale, AZ – R. A. Mesa; St. Agnes HealthCare, Inc, 

Baltimore, MD – C. Miller; University of Southern California, Los Angeles, CA – C. O’Connell; Straub 

Clinic and Hospital, Honolulu, HI – I. Okazaki; Carolina Oncology Specialists, PA, Hickory, NC – R. 

Orlowski; University of California-Los Angeles Medical Hematology and Oncology, Los Angeles, CA – R. 

Paquette; Mid Dakota Clinic, PC, Bismarck, ND – V. R. Phooshkooru; Wake Forest University Health 

Services, Winston-Salem, NC – B. Powell; Huntsman Cancer Institute, Salt Lake City, UT – J. T. Prchal; 

Karmanos Cancer Institute, Detroit, MI – R. Ramchandren; Shands Jacksonville Clinical Center, 

Jacksonville, FL – F. Rana; Columbia University Medical Center, New York, NY – A. Raza; Mayo Clinic-

Jacksonville, Jacksonville, FL – C. Rivera; Western Pennsylvania Hospital, Pittsburgh, PA – E. A. 

Sahovic; Carol G. Simon Cancer Center, Morristown, NJ – M. Scola; Houston Cancer Institute, PA, 

Houston, TX – M. Scouros; Cleveland Clinic, Cleveland, OH – M. Sekeres; Rush University Medical 

Center, Chicago, IL – J. Shammo; George Washington University, Washington, DC – R. S. Siegel; Weill 

Cornell Medical Center, New York, NY – R. T. Silver; Sierra Hematology and Oncology, Sacramento, CA 
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– C. P. Spears; University of Michigan Medical Center, Ann Arbor, MI – M. Talpaz; Park Nicollet Institute, 

St. Louis Park, MN – M. Tsai; University of Texas M.D. Anderson Cancer Center, Houston, TX – S. 

Verstovsek; Mountain States Tumor Institute, Boise, ID – T. Walters; Arena Oncology Associates, PC, 

Lake Success, NY – R. S. Weiner; Emory University Hospital, Atlanta, GA – E. F. Winton; Somerset 

Hematology-Oncology Associates, Somerville, NJ – S. E. Young; University of Tennessee Cancer 

Institute, Memphis, TN – F. Yunus. 

 

COMFORT-II Investigators 

Austria: Medizinische Universität, Wien – H. Gisslinger; Landeskrankenhaus Salzburg, Salzburg – R. 

Greil; Krankenhaus der Barmherzigen Schwestern Linz, Linz – H. Rumpold; Universitätsklinik Innsbruck, 

Innsbruck – G Gastl; Belgium: Cliniques Universitaires Saint-Luc, UCL, Brussels – L. Knoops; Cliniques 

Universitaires UCL de Mont-Godinne, Yvoir – A. Bosly; ZNA Middelheim, Antwerp – R. De Bock; Centre 

Hospitalier de Jolimont-Lobbes, La Louvière – A. Delannoy; UZ Leuven/Campus Gasthuisberg, Leuven – 

T. Devos; AZ St-Jan AV, Brugge – J. Van Droogenbroeck; Oncologisch Centrum - AZ Groeningen, 

Kortrijk – K. Van Eygen; ZNA Stuivenberg, Antwerpen – P. Zachee; H Hartziekenhuis Roselare-Menen 

vzw, Roeselare – H. Demuynck; Yirga Jesseziekenhuis, Hasselt – K. Theunissen; France: Hôpital Saint 

Louis, Paris – J.-J. Kiladjian; Centre Hospitalo Universitaire de Grenoble, Grenoble – J.-Y. Cahn; Hôpital 

Claude Huriez, CHRU de Lille, Lille – N. Cambier; Hôpital Saint Antoine,Paris – N. Cassadevall; Centre 

Hospitalier de Lens, Lens – B. Dupriez; Hôpital Haut- Lévêque, Pessac – N. Milpied; CHU Carémeau 

Nimes, Nimes – E. Jourdan; CHU Côte de Nacre, Caen – K. Benabed; CHU Strasbourg, Hôpital Civil, 

Strasbourg – S. Natarajan-Amé; CHU Purpan, Toulouse – C. Récher; Institut Gustave Roussy, Villejuif – 

V. Ribrag; Institut Paoli-Calmettes, Marseille – N. Vey; Germany: Robert-Bosch-Krankenhaus, Stuttgart – 

W. Aulitzky; University Hospital Essen, University of Duisburg-Essen, Essen – J. Novotny; 

Universitätsmedizin Mainz, Main, Mainz – T. Kindler; Universitätsklinikum Münster, Münster – T. Sauer; 

Charité, Universitätsmedizin Berlin, Berlin – P. Le Coutre; Universitätsklinikum Leipzig AöR, Leipzig – D. 

Niederwieser and H. K. Al-Ali (SI); Johann-Wolfgang-Goethe Universität Frankfurt, Frankfurt – O. 

Ottmann; Klinikum der Universität zu Köln, Köln – C. Scheid; Universitätsklinikum Tübingen, Tübingen – 

M. Sökler; Zentrum Innere Medizin, Magdeburg – F. Heidel; Italy: Fondazione IRCCS Policlinico San 
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Matteo, Pavia – G. Barosi and F. Passamonti; University of Milano, Bicocca San Gerardo Hospital, Monza 

– C. Gambacorti-Passerini; Az. Ospedaliera “S. Luigi Gonzaga,” Orbassano – D. Cilloni; University of 

Florence, Hospital Careggi, Florence – A.M. Vannucchi and L. Pieri; Hospital Niguarda Cà Granda, 

Milano – E. Pungolino; The Netherlands: University Medical Center St Radboud, Nijmegen – N. Schaap; 

Rijksuniversiteit Groningen, Groningen – J.C. Kluin-Nelemans; Maastricht Universitair Medisch Centrum, 

Maastricht – H. Schouten; Erasmus MC, Center Location, Rotterdam – P. te Boekhorst; HagaZiekenhuis, 

The Hague – P. Wijermans; Spain: Hospital Clinic, IDIBAPS, University of Barcelona, Barcelona – F. 

Cervantes; Hospital Clinico Universitario de Valencia, Valencia – J.-C. Hernandez-Boluda; Hospital 

Universitario Puerta de Hierro, Madrid – E. Ojeda; Sweden: Sahlgrenska University Hospital, 

Gothenburg, – P. Johansson; Karolinska University Hospital, Huddinge, Stockholm, –D.Tesfa; United 

Kingdom: Guy's Hospital, London – C. Harrison; Addenbrooke’s Hospital, Cambridge – A. Green; Belfast 

City Hospital, Belfast – M. McMullin; Oxford Radcliffe Hospitals NHS Trust, (Churchill Hospital), Oxford – 

P. Vyas 
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Supplemental Methods 

 

Study Design 

Patients in COMFORT-I were required to be resistant or refractory to, intolerant of, or in the investigator’s 

opinion not candidates for available therapies; patients in COMFORT-II could not be candidates for stem 

cell transplant but could have failed previous therapies. Eligible patients were required to have a life 

expectancy of ≥ 6 months. 

 

Efficacy Analysis 

A Cox proportional hazards model was used for the analysis, providing HRs with 95% CI. Wald P values 

are provided unless specified otherwise; the level of significance was considered as P = .05. In addition to 

the ITT analysis of OS, a time from study discontinuation until death was estimated in patients who 

discontinued randomized treatment due to disease progression or for any reason. This analysis included 

all ruxolitinib randomized patients who permanently discontinued treatment and all control arm patients 

who permanently discontinued treatment with placebo or BAT without subsequently crossing over to 

ruxolitinib. 

 

The proportion of patients who achieved a spleen response at week 24 was the key secondary endpoint 

in COMFORT-II. The proportion of patients who achieved a ≥ 50% improvement from baseline in 

symptoms, as assessed using the Myelofibrosis Symptom Assessment Form—Total Symptom Score, 

was a key secondary endpoint specific to COMFORT-I and was not evaluated here. 

 

Reverse Kaplan-Meier Analysis 

Reverse Kaplan-Meier estimation and log-rank tests were used to analyze the intensity of censoring 

between the 2 arms of each of the studies. Time to censoring was evaluated with deaths treated as 

censored events; patients with gaps of > 180 days between the last known date to be alive and the 

database cutoff date were considered lost to follow-up and were censored at the last date known to be 

alive. 
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RPSFT Accounting for Crossover 

The crossover-corrected treatment effect was estimated using an RPSFT model.17,18 The RPSFT method 

(see Supplemental Figure 1) maintains the original randomized group definitions and thus preserves the 

validity of between-group comparisons. RPSFT provides a randomization-based estimate of treatment 

effect corrected for the bias introduced by crossover. The main assumption for the method is treatment 

affects survival by multiplying survival time by a given factor once the patient starts receiving ruxolitinib 

(structural and thus untestable assumption). OS time was determined for the (1) observed time for 

patients randomized to ruxolitinib, (2) observed time for patients randomized to control, and (3) observed 

time for control arm patients who did not cross over and the reconstructed survival time for patients who 

crossed over to ruxolitinib. The crossover-corrected HR was obtained from a Cox regression model with 

the original ruxolitinib and reconstructed control arms. The reconstructed control arm used the original OS 

time for patients who did not cross over and the corrected time for crossover patients. The symmetrical 

Wald test–based 95% CI were obtained by inflating the standard error of the log-HR to preserve the ITT P 

value. 

 

Spleen Size Reduction and OS 

Categories for degrees of spleen volume reduction at week 24 were < 10% or no assessment (including 

patients who had increases in spleen volume), ≥ 10% to < 25%, ≥ 25% to < 35%, ≥ 35% to < 50%, and 

≥ 50%. Categories for spleen length changes at week 24 were increased spleen length, no change to a 

< 25% reduction, and reductions of ≥ 25% to < 50%, ≥ 50% to < 75%, and ≥ 75% to no longer palpable. A 

multivariate proportional hazards model was fit for each treatment arm separately to evaluate the impact 

of the degree of spleen volume reduction, whereas the prognostic baseline covariates were adjusted as 

described below. HRs were calculated using patients who achieved a < 10% reduction as a reference 

group for spleen volume and < 25% reduction as a reference group for spleen length. 

 

Evaluation of Baseline Covariates 
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The following baseline factors were evaluated as prognostic for OS, irrespective of treatment: age 

(years), age > 65 years (yes/no), sex (male/female), MF subtype (PMF/secondary MF), IPSS risk 

category (Int-2/high risk; as collected on the clinical report form in COMFORT-I and as randomization 

strata in COMFORT-II), JAK2 V617F mutation status (positive/negative), baseline palpable spleen length 

(per cm below left costal margin), baseline spleen volume (per 5 dL), baseline Hb (g/L), Hb < 10 g/dL 

(yes/no), baseline WBC (g/L), WBC > 25 g/L (yes/no), baseline platelet count (× 109/L), presence of 

constitutional symptoms (yes/no), and presence of circulating blasts (yes/no). The initial selection of 

covariates was based on experts’ knowledge; for further feature selection, an exhaustive set of Cox 

models was fitted to the data with 1 to n covariates at a time.29 Covariates that assessed the same 

parameter on a continuous or discrete scale were not included in the same model (eg, either baseline Hb 

as continuous [g/L] or binary [< 10 g/dL, yes/no] but not together). Goodness of fit was evaluated with the 

AIC, and the models were ordered according to minimizing AIC.30 The covariates most often included in 

the top 1000 models were considered for the final model, and treatment effect was estimated with 

adjustments for these covariates. The covariates considered were those identified as potential sources of 

bias or known to have an impact on MF prognosis. 
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Supplemental Table 1. Summary of Baseline Characteristics by Overall Survival Lost to Follow-up 

Status in the BAT Arm 

Baseline characteristics, n (%) 

Not lost to follow-up 

(n = 53) 

Lost to follow-up 

(n = 20) 

Risk category   

 Int-2 30 (57) 7 (35) 

 High 23 (43) 13 (65) 

Age ≥ 65 years 28 (53) 12 (60) 

Primary MF subtype 27 (51) 12 (60) 

ECOG performance status   

 0 19 (36) 7 (35) 

 1 28 (53) 9 (45) 

 2 5 (9) 4 (20) 

 3 1 (2) 0 

JAK2 V617F mutation status   

 Positive 40 (75) 9 (45) 

 Negative 11 (21) 9 (45) 

 Missing 2 (4) 2 (10) 

Platelet count, median (range), × 109/L 239.0 (104-850) 206.5 (102-1049) 

Hemoglobin, median (range), g/L 105 (54-154) 99 (70-118) 

Crossover to ruxolitinib, n (%)   

 No 12 (23) 16 (80) 

 Yes 41 (77) 4 (20) 

BAT, best available therapy; ECOG, Eastern Cooperative Oncology Group; JAK2, Janus kinase 2; MF, 

myelofibrosis. 
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Supplemental Figure 1. RPSFT Accounting for Crossover 



10 
 

Supplemental Figure 4. Patient Disposition 
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Supplemental Figure 3. Relationship Between Spleen Volume and Survival (based on multivariate 

model with adjustments for other covariates) 
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Supplemental Figure 4. Kaplan-Meier Analysis of the Risk of Being Censored for Survival Data in 

(A) COMFORT-I and (B) COMFORT-II 

(A) 

(B) 

 


