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Data Monitoring Committee 

An independent data monitoring committee (DMC) was added based on health authority feedback. The 

DMC reviewed safety on a regular basis and was requested to recommend whether the study should 

continue with or without modification or should be stopped or if additional data were required for review. 

The DMC reviewed the full closed DMC report, particularly the distribution of safety events (serious 

adverse events [AEs], deaths, and graft failures) between treatment arms. The DMC was also responsible 

for reviewing efficacy and safety data during the conduct of the interim analyses as defined in the protocol 

and DMC charter. The DMC reviewed interim analysis results, with the request to inform the sponsor only 

if all three endpoints were positive; the DMC recommended continuing the study as planned. The results 

of the interim analysis were generated by an external contract research organization and provided to the 

DMC by an independent external statistician. The sponsors had no access to the interim results. 

 

DMC members 

Prof Dr med Daniel Wolff (DMC chairperson) 

Department of Internal Medicine III 

University Hospital of Regensburg 

Regensburg, Germany 

 

Dr Richard T. Maziarz, MD (hematologist) 

Center for Hematologic Malignancies 

Oregon Health & Science University 

Portland, OR, USA  

 

Dr Claudia Schmoor, PhD (DMC biostatistician) 

Clinical Trials Unit, Faculty of Medicine and Medical Center 

University Medical Center Freiburg  

Freiburg, Germany  
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Supplementary Methods 

Patients 

Patients had undergone allogeneic stem cell transplantation from any donor source using bone marrow, 

peripheral blood stem cells, or cord blood and had evident myeloid and platelet engraftment: absolute 

neutrophil count >1×109/L and platelet count >25×109/L. Patients were receiving systemic or topical 

glucocorticoids for the treatment of chronic graft-versus-host disease (cGVHD) for a duration of <12 

months prior to cycle 1 day 1 and had a confirmed diagnosis of glucocorticoid-refractory or -dependent 

cGVHD defined per 2014 National Institutes of Health (NIH) consensus criteria1 as: 

• A lack of response or disease progression after administration of minimum prednisone 1 

mg/kg/day for ≥1 week (or equivalent) or  

• Disease persistence without improvement despite continued treatment with prednisone at >0.5 

mg/kg/day or 1 mg/kg/every other day for ≥4 weeks (or equivalent) or 

• Increase to prednisone dose to >0.25 mg/kg/day after two unsuccessful attempts to taper the 

dose (or equivalent)  

 

Statistical Analysis 

Statistical tests of the primary and the two key secondary endpoints at the interim analysis and the 

primary analysis were performed according to an overall hierarchical testing procedure2 in a two-look 

group sequential study design to hold the overall one-sided family-wise error rate of alpha=0.025. Per 

study protocol, the testing sequence for key secondary endpoints differed for US (modified Lee Symptom 

Scale [mLSS] tested before failure-free survival [FFS]) and non-US (FFS tested before mLSS). 

 

- Interim analysis (N=196): significance level for one-sided test as per the predefined alpha-spending 

function was alpha=0.01176  

- Primary analysis (N=329): significance level for one-sided test is alpha=0.01858 (remaining alpha, if 

not rejected at interim analysis) 
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- P values for the primary analysis are given for descriptive purposes if significance was already 

achieved at the interim analysis  

 

The overall one-sided type I error for the primary and both key secondary endpoints was preserved by the 

overall hierarchical testing procedure. Using this procedure allowed testing of all three endpoints at the 

interim and the primary analysis, maintaining the overall family-wise one-sided error of alpha=0.025 

(Figure S2).2  

When reviewing interim data, the DMC compared one-sided P values to the targeted efficacy boundary 

for the interim analysis. Accordingly, the nonrejected hypotheses were retested for the 329 patients in the 

primary analysis, again using one-sided tests as per study protocol. The same alpha was used for all 

three endpoints.    

 

Treatment Assignment 

Prior to dosing, all patients who fulfilled all inclusion/exclusion criteria were randomized via interactive 

response technology (IRT) to one of the treatment arms. The investigator or their delegate called or 

logged on to the IRT and confirmed that the patient fulfilled all the inclusion/exclusion criteria. The IRT 

assigned a randomization number to the patient, which was used to link the patient to a treatment arm 

and specify a unique medication number for the first package of study treatment to be dispensed to the 

patient. The randomization number was not communicated to the caller. 

 

Change in BAT 

Addition or initiation of a new systemic therapy in the best available therapy (BAT) arm was allowed only 

after documented lack of response, intolerable toxicity, or cGVHD flare and was considered a treatment 

failure for both the primary and key secondary objectives. At the study visit in which the patient met the 

criteria for disease progression, intolerable toxicity, or cGVHD flare treatment failure, addition or initiation 

of a new systemic BAT treatment was allowed. However, if mixed response or no response was 
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assessed, the response was confirmed prior to the addition or change of therapy. This confirmation could 

not occur prior to 1 week or later than 4 weeks after the initial assessment. 

 

Ruxolitinib Dose Modifications 

For patients who do not tolerate the protocol-specified dosing schedule, dose interruptions and/or 

reductions are either recommended or mandated to allow patients to continue the study treatment. Please 

refer to the protocol for a summary of these modifications. A standardized dosing paradigm was used to 

determine dose adjustments for safety and efficacy so that each patient’s dose was titrated to the most 

appropriate dose. Patients who had a dose reduction to manage toxicity could resume treatment at the 

previous dose if hematologic/nonhematologic parameters met the required threshold (please refer to the 

protocol for recommended thresholds). 

 

Dose Reduction Stepsa 

 

Starting Dose Level 0 Dose Level 1 Dose Level 2 

10 mg BID 5 mg BID 5 mg QDb 

BID, twice daily; QD, once daily. 

a Dose reduction should be based on the worst toxicity demonstrated at the last dose. 

b Dose reduction to <5 mg total daily dose is not allowed. 

 

Dose Reescalation Stepsa 

 

Current Dose First Dose Escalation Second Dose Escalation 

5 mg QD 5 mg BID 10 mg BID 

5 mg BID 10 mg BID – 

BID, twice daily; QD, once daily. 

a Dose increases may not exceed 10 mg BID, in increments of 5 mg and may not occur more often than 

every 2 weeks. 
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Tapering Guidelines 

Tapering of glucocorticoids, calcineurin inhibitors (CNIs), and ruxolitinib will follow two steps: first taper 

systemic glucocorticoids following documented complete response (CR) or partial response (PR) and 

follow with taper of CNI/ruxolitinib. The taper of glucocorticoids should be attempted at the time of 

documented CR or PR. However, the taper of ruxolitinib and CNI should not be attempted until the patient 

is off glucocorticoids and has completed the assessments for cycle 7 day 1. Ruxolitinib may not be 

tapered prior to cycle 7 day 1 for patients initially randomized to the ruxolitinib arm. 

During the treatment period in both the ruxolitinib and BAT arms, immunosuppression taper guidelines 

are: 

• Glucocorticoids: Every effort should be made to use the minimum dose of glucocorticoid that is 

sufficient to control cGVHD manifestations. It is recommended that a taper of glucocorticoids 

should be attempted approximately 2 weeks after achieving a CR. If a flare should occur during 

the taper, treatment should continue for at least 3 months prior to attempting to resume the taper 

• CNI (cyclosporine or tacrolimus): Once off systemic glucocorticoids and a CR or PR has been 

documented, starting at cycle 7 day 1 a 25% dose reduction per month is allowed, or to be 

tapered per institutional practice 

• Ruxolitinib: Once off systemic glucocorticoids and a CR or PR has been documented, a 50% 

dose reduction every 2 months (56 days) can be initiated starting at cycle 7 day 1. Initial dose 

reduction is to 5 mg orally twice daily. If sustained cGVHD response is observed (ie, no 

worsening of cGVHD signs and symptoms), the dose is further tapered by a second 50% 

reduction to 5 mg orally once a day for an additional 2 months (56 days) prior to cessation 

 

Efficacy Assessments 

Global and organ-specific cGVHD clinician assessments were performed at baseline, cycle 1 day 15, 

cycle 2 day 1, and then every 28 days until cycle 7 day 1 according to the NIH consensus criteria.1 

Following cycle 7 day 1, response will be assessed on cycle 9 day 1 and every 12 weeks thereafter.  
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Complete response was defined as complete resolution of all signs and symptoms of cGVHD in all 

evaluable organs without additional therapies. A partial response was defined as an improvement in at 

least one organ (eg, improvement of at least one point on a 4- to 7-point scale, or an improvement of at 

least two points on a 10- to 12-point scale) without progression in other organs or sites or 

addition/initiation of new systemic treatment. A lack of response was defined as unchanged, mixed 

response, or progression:  

o Progression: worsening of at least one organ and no improvement (CR or PR) in any other 

organ 

o Mixed response: CR or PR in at least one organ accompanied by progression in another 

organ 

o Unchanged response: stable disease or absence of improvement in any organ involved by 

cGVHD 

A cGVHD flare was defined as any increase in symptoms during taper of any immunosuppressive therapy 

for cGVHD after an initial response (CR or PR). A cGVHD flare was not considered a treatment failure 

unless severity required addition and/or change of another systemic immunosuppressive treatment. 

cGVHD recurrence was the return of cGVHD symptoms after tapering off study treatment due to 

response. Following completion of a taper of systemic therapy, if worsening of cGVHD symptoms 

occurred, the patient could resume treatment for cGVHD as per local institutional practice. However, this 

was documented as a recurrence of cGVHD. 

 

Subgroup Analyses of ORR 

Subgroup analyses comparing the odds ratios (ruxolitinib vs BAT) of the overall response rate (ORR) by 

demographics, cGVHD disease history, transplant-related history, and organ involvement were 

conducted. Estimation of the odds ratios and 95% CIs was performed using Cochrane-Mantel-Haenszel 

methods. 
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Response by Organ Involvement 

Response by organ was determined based on the NIH guidelines for response assessment in cGVHD.3 

The involvement of each organ was assessed at baseline, and response was assessed at week 24. 

Baseline organ involvement for response assessments was determined at randomization/treatment start 

using the criteria established by Lee and colleagues.3 Therefore, baseline organ involvement for response 

assessments may differ from the organ involvement reported as part of patient characteristics at baseline, 

which in this study was determined using NIH staging criteria.4 

 

Modified LSS 

The Lee Symptom Scale (LSS)5 is a 30-item, seven-domain, self-administered symptom scale that has 

been considered the most reliable instrument for detecting changes in cGVHD symptom status and has 

been recommended for use in cGVHD clinical trials by the 2005 and 2014 NIH consensus conferences. 

Patients with cGVHD report on symptom “bother” over the previous month on a 5-point Likert scale, with 

subscales ranging from 0 to 100 (higher scores indicating worse symptoms). A difference of 6 to 7 points 

has been suggested as an indicator of clinically meaningful changes. REACH3 used a modified version of 

the assessment (mLSS) to address feedback from health authorities, which recommended focusing on 

the outcome of symptom severity rather than symptom bother and shortening the recall period from 1 

month to 1 week. Modifications were using a 7-day recall window instead of a month,6 changing 

“bothered” to “severity,” and altering the response options. The modified survey asked patients the 

following question: “Please let us know how severe any of the following problems have been in the past 

week.” (original question: “Please let us know whether you have been bothered by any of the following 

problems in the past month. Not at all, Slightly, Moderately, Quite a Bit, Extremely”). Patients instead 

reported severity of symptoms on a 5-point Likert scale: did not have this problem, mild, moderate, 

severe, or very severe. 

 

Patient-Reported Outcomes 

To measure symptoms and quality of life of patients affected by cGVHD and potential changes over time, 

the following patient-reported outcome instruments were administered: 
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1. The mLSS: consists of 30 items in seven subscales (skin, eye, mouth, lung, nutrition, energy, and 

psychological) (see previous section). 

2. The Functional Assessment of Cancer Therapy–Bone Marrow Transplant v4.0: a 50-item self-

reported questionnaire that measures the effect of a therapy on domains including physical, functional, 

social/family, and emotional well-being, together with additional concerns relevant for bone marrow 

transplant patients.7 

3. The EQ-5D-5L: a descriptive classification consisting of five dimensions of health: mobility, self-care, 

usual activities, anxiety/depression, and pain/discomfort.8 The five-level version uses a 5-point Likert 

scale that was published in 2011.9 

4. The Patient Global Impression of Change: a single-item measure of overall change in cGVHD 

symptoms since starting the study medication. 

5. The Patient Global Impression of Severity: a single-item measure of overall cGVHD symptom 

severity in the past week. 
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Supplementary Figures and Tables 

Figure S1. Study Design. 

 

 

 

BAT, best available therapy; BID, twice daily; C, cycle; cGVHD, chronic graft-versus-host disease; CNI, 

calcineurin inhibitor; CR, complete response; D, day; EOT, end of treatment period; FFS, failure-free 

survival; mLSS, modified Lee Symptom Scale; NRM, nonrelapse mortality; ORR, overall response rate; 

PR, partial response; RUX, ruxolitinib; SR, steroid refractory/dependent. a Or prednisone equivalent. b 

Absolute neutrophil count >1000/mm3 and platelet count ≥25,000/mm3. c Chosen by the investigator at 

randomization and could include extracorporeal photopheresis, low-dose methotrexate, mycophenolate 

mofetil, everolimus, sirolimus, infliximab, rituximab, pentostatin, imatinib, or ibrutinib. d RUX tapering was 

permitted after C7D1 for responding patients. e On or after C7D1, patients randomized to BAT who 

progressed, had a mixed or unchanged response, developed toxicity to BAT, or experienced a cGVHD 

flare were allowed to cross over from BAT to ruxolitinib. 
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Figure S2. Results of the Hierarchical Testing Procedure. 

 

 

An efficacy interim analysis (IA) was planned to be performed when 194 patients (60% of the targeted 

324 patients) completed the cycle 7 day 1 visit or discontinued early from the study and data of 

assessments were available. Following a two-look group sequential design, a rho-spending function with 

parameter rho=1.5 was used as the alpha-spending function. 

The IA included 196 patients (60.5% of 324); the significance boundary based on the alpha-spending 

function was alpha=0.01176 and was used for all three endpoints in the overall hierarchical testing 

procedure. Hypotheses that were not rejected at the IA were retested at the primary analysis by using the 

remaining alpha (=0.01858) according to the group sequential methodology.  

BAT, best available therapy; CMH, Cochran-Mantel-Haenszel; FFS, failure-free survival; mLSS, modified 

Lee Symptom Scale; ORR, overall response rate; RUX, ruxolitinib. 

a P values given for descriptive purposes; significance was achieved at IA.   
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Figure S3. ORR at Week 24 by Patient Subgroups. 

 

aGVHD, acute graft-versus-host disease; BAT, best available therapy; cGVHD, chronic graft-versus-host 

disease; HLA, human leukocyte antigen; ORR, overall response rate; RUX, ruxolitinib; SR-cGVHD, 

steroid-refractory/dependent chronic graft-versus-host disease. 
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X-axis values are represented in natural log scale. Dotted line shows no effect point. The area of the box 

indicates the weight of the subgroup, measured by the size of the subpopulation.  

a Organ involvement defined as organ score ≥1 based on the cGVHD staging criteria (Jagasia MH, et al. 

Biol Blood Marrow Transplant. 2015).4 Patients with >1 affected organ were counted in each organ 

subgroup.   
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Figure S4. Overall Response Rates by Individual BAT. 

 

 

BAT, best available therapy; CR, complete response; ECP, extracorporeal photopheresis; MMF, 

mycophenolate mofetil; MTX, methotrexate; PR, partial response. 

 

 

  



23 
 

Figure S5. Failure-Free Survival by Treatment Arm. 

 

 

FFS, failure-free survival; NRM, nonrelapse mortality. Cumulative incidences used to obtain the 

contribution of each event type considering the two others as competing events. FFS is the time to the 

earliest of the three events (eg, death after treatment change is not counted). FFS obtained by 100% 

minus the rate for NRM, relapse, and treatment change. 
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Figure S6. Glucocorticoid Dose Over Time up to Week 24.  

 

A. Average Biweekly Glucocorticoid Dosinga,b  

 

 

 

  



25 
 

B. Average Biweekly Weight-Normalized Standardized Glucocorticoid Dosing.a,b 

 

 

 

BAT, best available therapy.  

a Patients who are completely tapered off steroids and are ongoing will be counted as having steroid 

dose=0 mg/kg/day until the end of the main treatment period or the restart of treatment with systemic 

steroids. Plot shows boxes (25th-75th percentiles) with median as horizontal line. The dots in the boxes 

and joint lines represent the mean values. Whiskers (vertical lines) extend to the 10th to 90th percentiles. 

Values outside this range are not displayed. 

b Dose of methylprednisolone was converted to prednisone equivalent.                                                            
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Figure S7. Kaplan-Meier Estimate of Overall Survival. 

 

 

 

BAT, best available therapy; HR, hazard ratio. 
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Table S1. Patient Demographics and Baseline Clinical Characteristics. 

 

Demographic variable 
Ruxolitinib 

(n=165) 

BAT 

(n=164) 

Age, years   

Median (range) 49.0 (13.0-73.0) 50.0 (12.0-76.0) 

12 to <18, n (%) 4 (2.4) 8 (4.9) 

18 to 65, n (%) 143 (86.7) 134 (81.7) 

>65, n (%) 18 (10.9) 22 (13.4) 

Gender, n (%)   

Male 109 (66.1) 92 (56.1) 

Female 56 (33.9) 72 (43.9) 

Race, n (%)   

White 116 (70.3) 132 (80.5) 

Black 2 (1.2) 0 

Asian 33 (20.0) 21 (12.8) 

Other 9 (5.5) 4 (2.4) 

Unknown 3 (1.8) 7 (4.3) 

Weight, mean (SD), kg 68.5 (18.3) 67.9 (16.7) 

Height, mean (SD), cm 169.7 (9.8) 169.4 (10.1) 

Body mass index, mean (SD), kg/m2 23.4 (5.4) 23.5 (4.9) 

Prior aGVHD, n (%) 92 (55.8) 88 (53.7%) 

cGVHD severity, n (%)a   

Mild 1 (0.6) 1 (0.6) 

Moderate 67 (40.6) 74 (45.1) 

Severe 97 (58.8) 89 (54.3) 
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Time from transplant to randomization, 

median (range), weeks 69.4 (4.1-372.0) 63.21 (7.4-1427.7) 

Time from cGVHD onset to 

randomization, median (range), weeks 24.9 (1.0-288.1) 21.4 (1.4-278.1) 

CMV serological status, n (%)   

Positive 97 (58.8) 102 (62.2) 

Negative 68 (41.2) 62 (37.8) 

Stem cell source, n (%)   

Peripheral blood 141 (85.5) 131 (79.9) 

Bone marrow 22 (13.3) 31 (18.9) 

Single cord blood 2 (1.2) 2 (1.2) 

T-cell depleted graft, n (%)   

Yes 22 (13.2) 16 (9.6) 

No 144 (86.2) 146 (87.4) 

Missing 1 (0.6) 5 (3.0) 

Donor/recipient CMV status, n (%)   

Negative/negative 51 (30.9) 45 (27.4) 

Negative/positive 30 (18.2) 28 (17.1) 

Positive/negative 16 (9.7) 17 (10.4) 

Positive/positive 67 (40.6) 73 (44.5) 

Unknownb 1 (0.6) 1 (0.6) 

Donor type, n (%)c   

Related 91 (54.5) 87 (52.1) 

Unrelated 76 (45.5) 80 (47.9) 

Prior systemic therapy for cGVHD or  

glucocorticoid-refractory/dependent 

cGVHD, n (%)d 
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Glucocorticoid only 70 (42.4) 81 (49.4) 

Glucocorticoid+CNI 68 (41.2) 69 (42.1) 

Glucocorticoid+CNI+other systemic 

therapy 

10 (6.1) 4 (2.4) 

Glucocorticoid+other systemic 

therapy 

14 (8.5) 9 (5.5) 

Missing 3 (1.8) 1 (0.6) 

Primary diagnosis classification of 

underlying disease, n (%) 

  

Leukemia/MDS 121 (73.3) 122 (74.4) 

Lymphoproliferative disorder 26 (15.8) 33 (20.1) 

Myeloproliferative neoplasm 9 (5.5) 5 (3.0) 

Sickle cell disease 1 (0.6) 0 

Severe aplastic anemia 5 (3.0) 1 (0.6) 

Thalassemia 1 (0.6) 0 

Inherited metabolic disorder 1 (0.6) 1 (0.6) 

Other 1 (0.6) 2 (1.2) 

SR-cGVHD diagnostic criteria, n (%)   

Any SR criteria met  165 (100) 164 (100) 

Lack of response or disease 

progression after prednisone ≥1 

mg/kg/day 

62 (37.6) 73 (44.5) 

Disease persistence without 

improvement despite continued 

treatment with prednisone 

58 (35.2) 42 (25.6) 
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Increase to prednisone dose to >0.25 

mg/kg/day after two unsuccessful 

attempts to taper 

45 (27.3) 49 (29.9) 

Conditioning regimen, n (%)   

Myeloablative 97 (58.8) 91 (55.5) 

Reduced intensity 45 (27.3) 49 (29.9) 

Nonmyeloablative 22 (13.3) 24 (14.6) 

Missing 1 (0.6) 0 

Donor/recipient gender, n (%)   

Female/male 48 (29.1) 35 (21.3) 

Female/female 22 (13.3) 32 (19.5) 

Male/female 34 (20.6) 40 (24.4) 

Male/male 60 (36.4) 55 (33.5) 

Unknownb 1 (0.6) 2 (1.2) 

Donor HLA match, n (%)d   

Matched 119 (71.3) 127 (76.0) 

Mismatched 46 (27.5) 35 (21.0) 

Unknown 2 (1.2) 5 (3.0) 

Total HCT-specific comorbidity index 

score, n (%) 
  

0 75 (45.5) 78 (47.6) 

1 21 (12.7) 20 (12.2) 

2 31 (18.8) 19 (11.6) 

≥3 32 (19.4) 44 (26.8) 

Missing 6 (3.6) 3 (1.8) 

Organ involvement, n (%)f   

Skin   
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Any 121 (73.3) 113 (68.9) 

With score ≥2 100 (60.6) 97 (59.1) 

Mouth   

Any  97 (58.8) 103 (62.8) 

With score ≥2 44 (26.7) 45 (27.4) 

Eyes   

Any  97 (58.8) 92 (56.1) 

With score ≥2 53 (32.1) 45 (27.4) 

Lung   

Any  74 (44.8) 67 (40.9) 

With score = 2 24 (14.5) 18 (11.0) 

With score = 3 14 (8.5) 13 (7.9) 

Joints and fascia   

Any  48 (29.1) 42 (25.6) 

With score ≥2 26 (15.8) 20 (12.2) 

Liver   

Any  42 (25.5) 40 (24.4) 

With score = 2 24 (14.5) 22 (13.4) 

With score = 3 2 (1.2) 3 (1.8) 

Gastrointestinal   

Any  39 (23.6) 36 (22.0) 

With score ≥2 15 (9.1) 17 (10.4) 

Genital tract   

Any  14 (8.5) 17 (10.4) 

With score ≥2 5 (3.0) 9 (5.5) 

Missing 0 1 (0.6) 

Initial BAT treatment, n (%)g   
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BAT, best available therapy; cGVHD, chronic graft-versus-host disease; CMV, cytomegalovirus, ECP, 

extracorporeal photopheresis; HCT, hematopoietic cell transplant; HLA, human leukocyte antigen; MDS, 

myelodysplastic syndromes; mLSS, modified Lee Symptom Scale; MMF, mycophenolate mofetil; NIH, 

National Institutes of Health; SR, steroid-refractory/dependent. 

a Based on NIH consensus staging criteria4 at screening. Enrollment of patients with mild glucocorticoid-

cGVHD was considered a protocol deviation. 

b Data not available for donor and/or recipient (patient). 

c Some patients received more than one transplant.  

d Prior treatment for cGVHD as documented in the prior medication data; topical or local treatments not 

counted. 

e Percentage refers to the number of donors (n=167 in each arm). Some patients received more than one 

transplant.  

ECP – 55 (34.8) 

MMF – 35 (22.2)  

Ibrutinib – 27 (17.1) 

Low-dose methotrexate – 10 (6.3) 

Imatinib – 8 (5.1) 

Sirolimus – 7 (4.4) 

Rituximab – 6 (3.8) 

Everolimus – 5 (3.2) 

Infliximab – 5 (3.2) 

Pentostatin – 0 

Total mLSS score, median (range) 18.67 (0-79.6)h 18.54 (0.7-54.4)i 
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f Organ involvement at baseline was based on NIH consensus staging criteria4 at screening. A score of 

one or greater is counted as organ involvement. Patients with missing assessments of single organs are 

counted as having no organ involvement for the organ assessed. 

g Percentages are based on the number of patients treated with BAT (n=158). 

h n=149. 

i n=141. 

 

  



34 
 

Table S2. CNI Use During the Randomized Treatment Period. 

 

 

BAT, best available therapy; CNI, calcineurin inhibitor. 

Data cutoff date, May 8, 2020.  

  

Medication 
Ruxolitinib 

(n=165) 

BAT 

(n=158) 

Any CNI 94 (57.0) 82 (51.9) 

Cyclosporine 56 (33.9) 56 (35.4) 

Tacrolimus 40 (24.2) 27 (17.1) 
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Table S3. Primary and Secondary Efficacy Endpoints. 

 

Variable 

Ruxolitinib 

(n=165) 

BAT 

(n=164) P value 

Primary endpointa 

ORR, n (%)b  82 (49.7) 42 (25.6) <0.0001c 

Odds ratio (95% CI)d 2.99 (1.86-4.80) – 

Risk ratio (95% CI)e 1.93 (1.44-2.60) – 

Responders, n (%)    

Complete response 11 (6.7) 5 (3.0) – 

Partial response 71 (43.0) 37 (22.6) – 

Nonresponders, n (%)   – 

Unchanged response 9 (5.5) 15 (9.1) – 

Mixed response 10 (6.1) 17 (10.4) – 

Progression 4 (2.4) 21 (12.8) – 

Otherf 5 (3.0) 9 (5.5) – 

Unknown 55 (33.3) 60 (36.6) – 

Death 16 (9.7) 11 (6.7) – 

Early discontinuation 33 (20.0) 33 (20.1) – 

Missing visits 6 (3.6) 16 (9.8) – 

Key secondary endpointsa 

Median FFS (95% CI), months  
>18.6  

(18.6-not reached)g 
5.7 (5.6-6.5) <0.0001h 

Hazard ratio (95% CI) 0.370 (0.268-0.510) – 

mLSS responders, n (%) 40 (24.2) 18 (11.0) 0.0011 

Odds ratio (95% CI)d 2.62 (1.42-4.82) – 
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Risk ratio (95% CI)e 2.19 (1.31-3.65) – 

Secondary endpoints 

Best overall response 126 (76.4) 99 (60.4) 0.0011 

Odds ratio (95% CI)d 2.17 (1.34-3.52) – 

Risk ratio (95% CI)e 1.24 (1.07-1.43) – 

 

BAT, best available therapy; cGVHD, chronic graft-versus-host disease; FFS, failure-free survival; mLSS, 

modified Lee Symptom Scale; ORR, overall response rate. 

a Tested at the interim analysis (N=196, significance level was alpha=0.01176) and the current primary 

analysis (N=329, significance level if not positive at the interim analysis alpha=0.01858) according to an 

overall hierarchical testing procedure to hold the overall one-sided family-wise error alpha=0.025. Test 

sequence for non-US was ORR, FFS, and mLSS; test sequence for US was ORR, mLSS, and FFS.    

b Includes all patients who achieved a complete response or partial response.  

c Descriptive P value. Efficacy boundary crossed at the interim analysis (ORR was 50.5% for ruxolitinib 

and 26.3% for BAT; P=0.0003). 

d Calculated based on the Cochrane-Mantel-Haenszel method. 

e Adjusted risk ratio obtained by generalized linear model using treatment arm and cGVHD severity as 

covariates. 

f Patient with additional systemic therapies along with complete response/partial response per investigator 

assessment. 

g At data cutoff (May 8, 2020), the median FFS was not reached in the ruxolitinib arm, but the lower 

bound of the 95% CI was estimated as 18.6 months.  

h Descriptive P value (ex-US only). Efficacy boundary crossed at the interim analysis (hazard ratio [95% 

CI] was 0.315 [0.205-0.486], P<0.0001). For US, the P value gives the result of the retested hypothesis at 

the primary analysis, following the overall hierarchical testing procedure. 
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Table S4. Response by Organ at Week 24 (Cycle 7 Day 1). 

 

 

Ruxolitinib 

n=165 

BAT 

n=164 

Organ 

Baseline 

involvementa Organ responseb 

Baseline 

involvementa Organ responseb 

 

n (%) m/n (%) n (%) m/n (%) 

Skin 119 (72.1) 49/119 (41.2) 110 (67.1) 17/110(15.5) 

Eye 96 (58.2) 25/96 (26.0) 93 (56.7) 10/93 (10.8) 

Mouth 96 (58.2) 48/96 (50.0) 99 (60.4) 25/99 (25.3) 

Esophagus 18 (10.9) 9/18 (50.0) 17 (10.4) 5/17 (29.4) 

Upper GI tract 20 (12.1) 8/20 (40.0) 21 (12.8) 8/21 (38.1) 

Lower GI tract 15 (9.1) 8/15 (53.3) 10 (6.1) 3/10 (30.0) 

Liver 86 (52.1) 21/86 (24.4) 83 (50.6) 18/83 (21.7) 

Lung 70 (42.4) 6/70 (8.6) 49 (29.9) 3/49 (6.1) 

Joints and 

fascia 45 (27.3) 17/45 (37.8) 44 (26.8) 7/44 (15.9) 

Overall 

response – 82 (49.7) – 42 (25.6) 
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ALT, alanine aminotransferase; AP, alkaline phosphatase; BAT, best available therapy; cGVHD, 

chronic graft-versus-host disease; CR, complete response; FEV1, forced expiratory volume in the 

first second of expiration; GI, gastrointestinal; NIH, National Institutes of Health; PR, partial 

response; ULN, upper limit of normal. 

Organ response as documented by the investigator, m is the number of patients with organ 

response = CR or PR and excluding those responders where the organ abnormality is due to non-

cGVHD reasons. Overall response counts patients with CR or PR as per investigator.   

a Based on NIH cGVHD response guidelines (Lee SJ, et al. Biol Blood Marrow Transplant. 2015).3 

Baseline involvement if respective score at cycle 1 day 1 >0, or %FEV1 <75% (lung), ALT, bilirubin 

or AP > ULN (liver), joints and fascia score >0.  

b m/n shows number of responders/patients with baseline involvement excluding in m those patients 

with change/addition of new systemic cGVHD treatment before cycle 7 day 1 
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Table S5. Overall Safety up to Week 24.a 

 

 

Ruxolitinib 

(n=165) 

BAT 

(n=158) 

Category, n (%) All grades Grade ≥3 All grades Grade ≥3 

AEs 161 (97.6) 94 (57.0) 145 (91.8) 91 (57.6) 

Treatment related 104 (63.0) 56 (33.9) 45 (28.5) 23 (14.6) 

SAEs 55 (33.3) 49 (29.7) 58 (36.7) 53 (33.5) 

Treatment related 27 (16.4) 25 (15.2) 16 (10.1) 12 (7.6) 

Fatal SAEs 12 (7.3) 12 (7.3) 8 (5.1) 8 (5.1) 

Treatment related 7 (4.2) 7 (4.2) 4 (2.5) 4 (2.5) 

AEs leading to discontinuation 27 (16.4) 20 (12.1) 11 (7.0) 8 (5.1) 

Treatment related 16 (9.7) 12 (7.3) 6 (3.8) 5 (3.2) 

AEs leading to dose 

adjustment/interruption 
62 (37.6) 38 (23.0) 26 (16.5) 12 (7.6) 

AEs requiring additional 

therapy 
138 (83.6) 72 (43.6) 131 (82.9) 74 (46.8) 

 

AE, adverse event; BAT, best available therapy; SAE, serious adverse event. 

a AEs were assessed and graded according to the Common Terminology Criteria for Adverse Events 

version 4.03 and were determined to be treatment related by the treating investigator. 
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Table S6. Serious AEs in ≥1% of Patients in Either Treatment Arm up to Week 24.a 

 

Preferred term, n (%)a 

Ruxolitinib 

n=165 

BAT 

n=158 

All grades Grade ≥3 All grades Grade ≥3 

Any  55 (33.3) 49 (29.7) 58 (36.7) 53 (33.5) 

Hematologic     

Febrile neutropenia 3 (1.8) 3 (1.8) 2 (1.3) 2 (1.3) 

Pancytopenia 0 0 2 (1.3) 2 (1.3) 

Gastrointestinal     

Vomiting 0 0 2 (1.3) 2 (1.3) 

Diarrhea 0 0 2 (1.3) 2 (1.3) 

Gastrointestinal hemorrhage 0 0 2 (1.3) 2 (1.3) 

Respiratory/thoracic     

Pulmonary embolism 2 (1.2) 2 (1.2) 3 (1.9) 3 (1.9) 

Respiratory failure 2 (1.2) 2 (1.2) 0 0 

Renal     

Acute kidney injury 2 (1.2) 2 (1.2) 3 (1.9) 3 (1.9) 

Infections     

Pneumonia 13 (7.9) 12 (7.3) 13 (8.2) 11 (7.0) 

Lower respiratory tract infection  4 (2.4) 2 (1.2) 0 0 

Bronchopulmonary aspergillosis 2 (1.2) 2(1.2) 4 (2.5) 3 (1.9) 

Cytomegalovirus 

infection/reactivation 

2 (1.2) 2 (1.2) 1 (0.6) 0 
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Pneumothorax 2 (1.2) 2 (1.2) 0 0 

Sepsis 2 (1.2) 2 (1.2) 1 (0.6) 0 

Septic shock 1 (0.6) 1 (0.6) 3 (1.9) 3 (1.9) 

Pneumonia, bacterial 1 (0.6) 1 (0.6) 2 (1.3) 2 (1.3) 

Pneumonia, cytomegaloviral 1 (0.6) 0 2 (1.3) 2 (1.3) 

Upper respiratory tract infection 1 (0.6) 0 2 (1.3) 2 (1.3) 

Escherichia infection 0 0 2 (1.3) 2 (1.3) 

Pneumonia, pseudomonal 0 0 2 (1.3) 2 (1.3) 

Other     

Back pain 2 (1.2) 1 (0.6) 0 0 

Dehydration 2 (1.2) 2 (1.2) 0 0 

Dyspnea 2 (1.2) 1 (0.6) 2 (1.3) 2 (1.3) 

Hypotension 2 (1.2) 2 (1.2) 0 0 

Pyrexia 8 (4.8) 3 (1.8) 3 (1.9) 2 (1.3) 

Hypoxia 0 0 3 (1.9) 3 (1.9) 

Seizure 0 0 2 (1.3) 1 (0.6) 

 

AE, adverse event; BAT, best available therapy. 
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Table S7. AEs up to Week 24 Leading to Treatment Discontinuation. 

 

Preferred term, n (%)a 

Ruxolitinib 

n=165 

BAT 

n=158 

All grades Grade ≥3 All grades Grade ≥3 

Hematologic     

Anemia 1 (0.6) 0 1 (0.6) 0 

Neutropenia 1 (0.6) 0 1 (0.6) 1 (0.6) 

Neutrophil count decreased 1 (0.6) 1 (0.6) 0 0 

Thrombocytopeniab 0 0 2 (1.3) 1 (0.6) 

Thrombotic microangiopathy 0 0 1 (0.6) 1 (0.6) 

White blood cell count decreased 0 0 1 (0.6) 0 

Gastrointestinal     

Ileus 1 (0.6) 1 (0.6) 0 0 

Diarrhea 0 0 1 (0.6) 0 

Vomiting 0 0 1 (0.6) 0 

Cardiac      

Atrial flutter 1 (0.6) 1 (0.6) 0 0 

Respiratory/thoracic     

Pneumothorax 2 (1.2) 1 (0.6) 0 0 

Respiratory failure 1 (0.6) 1 (0.6) 0 0 

Pulmonary embolism 0 0 1 (0.6) 1 (0.6) 

Renal     

Acute kidney injury 1 (0.6) 1 (0.6) 0 0 
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Renal failure 1 (0.6) 1 (0.6) 0 0 

Atypical hemolytic uremic 

syndrome 

0 0 1 (0.6) 1 (0.6) 

Vascular     

Thrombosis 1 (0.6) 0 0 0 

Microangiopathy 0 0 1 (0.6) 1 (0.6) 

Infections     

Pneumonia 8 (4.8) 6 (3.6) 2 (1.3) 2 (1.3) 

Meningitis, viral 1 (0.6) 1 (0.6) 0 0 

Pneumonia, bacterial 1 (0.6) 1 (0.6) 0 0 

Sepsis 1 (0.6) 1 (0.6) 0 0 

Septic shock 1 (0.6) 1 (0.6) 1 (0.6) 1 (0.6) 

Laboratory abnormalities     

Alanine aminotransferase 

increased 

1 (0.6) 1 (0.6) 0 0 

Neoplasms     

Posttransplant lymphoproliferative 

disorder 

1 (0.6) 1 (0.6) 0 0 

Other     

Body temperature increased 1 (0.6) 0 0 0 

Brain abscess 1 (0.6) 1 (0.6) 0 0 

Cushingoid 1 (0.6) 0 0 0 

General physical health 

deterioration 

1 (0.6) 1 (0.6) 1 (0.6) 1 (0.6) 
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Pyrexia 1 (0.6) 0 0 0 

Toxic epidermal necrolysis 1 (0.6) 1 (0.6) 0 0 

Multiple organ dysfunction 

syndrome 

0 0 1 (0.6) 1 (0.6) 

 

AE, adverse event; BAT, best available therapy. 

a A patient with multiple severity grades for an AE is counted only under the maximum grade.  

b Includes preferred terms “thrombocytopenia” and “platelet count decreased.” 
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Table S8. Overview of Infections up to Week 24.a 

 

Type of infection, n (%) 

   Maximum severity grade 

Ruxolitinib 

(n=165) 

BAT 

(n=158) 

Patients with ≥1 event 105 (63.6) 89 (56.3) 

   Grade 1 29 (17.6) 27 (17.1) 

   Grade 2 41 (24.8) 33 (20.9) 

   Grade 3 32 (19.4) 29 (18.4) 

   Missing 3 (1.8) 0 

Fungal infections 19 (11.5) 9 (5.7) 

   Grade 1 2 (1.2) 2 (1.3) 

   Grade 2 5 (3.0) 4 (2.5) 

   Grade 3 11 (6.7) 3 (1.9) 

   Missing 1 (0.6) 0 

Viral infections 56 (33.9) 46 (29.1) 

   Grade 1 23 (13.9) 21 (13.3) 

   Grade 2 22 (13.3) 16 (10.1) 

   Grade 3 9 (5.5) 9 (5.7) 

   Missing 2 (1.2) 0 

Bacterial infections 46 (27.9) 41 (25.9) 

   Grade 1 13 (7.9) 9 (5.7) 

   Grade 2 16 (9.7) 15 (9.5) 

   Grade 3 16 ( 9.7) 16 (10.1) 

   Missing 1 ( 0.6) 1 (0.6) 

Other unknown infections 35 (21.2) 32 (20.3) 

   Grade 1 9 (5.5) 9 (5.7) 

   Grade 2 16 (9.7) 13 (8.2) 
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   Grade 3 7 (4.2) 9 (5.7) 

   Missing 3 (1.8) 1 (0.6) 

 

BAT, best available therapy. 

a Infections were classified by type (viral, bacterial, fungal, unknown, or other) and severity (grades 1 to 3) 

at the investigator’s discretion by using an infection-specific grading system predictive of mortality that 

was developed for and validated in allogeneic stem cell transplant recipients (Cordonnier C, et al. 

Transplantation. 2006)10 based on criteria provided in the protocol. 
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