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Supplementary text: Trial design over time and amendments.  
 
 
Original design, November 12, 2009 

This HOVON-96 trial was originally designed as a prospective, open-label, 

randomized phase III trial with two randomizations, R1 and R2. The sample size of 

the trial was based on the R2 randomization, and from that it was calculated how 

many patients should be included in R1. It was planned to include 110 patients in R2, 

and consequently 500 patients in R1. The aim of these randomizations and the 

corresponding sample size calculations are specified below. 
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Immunosuppression randomization (R1): 

The aim of the first randomization is to evaluate whether a time-restricted immune 

suppression (IS) scheme results in a higher proportion of patients with non-severe 

GVHD (either acute GVHD grade I-II without gut involvement or chronic GVHD not 

requiring systemic treatment) within 180 days after transplantation (denoted as 

PG180) compared to the standard IS scheme. 

 

Sample size calculation 

For the primary endpoint, patients will be considered a success if only non-severe 

GVHD has been observed within 180 days post-transplant, without having received 

any treatment not specified in the protocol (e.g., pre-emptive DLI or reinduction 

chemotherapy). All other patients will be considered a failure; among those - but not 

restricted to - patients without any GVHD within 180 days following transplantation, 

with acute GVHD grade II with gut infiltration or grades III-IV or chronic GVHD 

requiring systemic treatment or death before any GVHD. As treatment is the same in 

both treatment arms during the first 28 days, patients with a failure until 28 days 

posttransplant will be excluded from the primary analysis. It is assumed that about 

35% of the patients assigned to the standard IS scheme will attain only non-severe 

GVHD within 180 days following transplant, i.e., PG180 = 35%. In 

order to detect with 90% power an increase of PG180 to 50% (two-sided significance 

level α = 0.05), 480 patients randomized 1:1 between the standard and time-

restricted IS scheme will be required. In order to overcome possible dropout due to 

non-eligibility, no transplantation or failures before day 28 posttransplant, 500 

patients will be randomized.  
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Acute GVHD treatment randomization (R2) 

It is assumed that about 20% of the patients included in R1, will attain acute GVHD 

grade II with gut infiltration or grades III-IV for which treatment with high-dose 

steroids is indicated. The aim of the second randomization is to evaluate whether the 

addition of ATG to standard treatment with high-dose steroids for severe acute 

GVHD will improve the proportion of patients with a complete (CRGVHD) or partial 

response (PRGVHD) after treatment for the acute GVHD (i.e., acute GVHD is 

completely/partially resolved) within 28 days after randomization (CR/PR28). 

 

Sample size calculation 

For the primary endpoint, patients will be considered a success if at least a PR is 

achieved within 28 days after randomization R2, without having received any 

treatment not specified in the protocol. All other patients will be considered a failure; 

among those - but not restricted to - patients with steroid-refractory acute GVHD 

within 28 days following R2, or with any treatment not specified in the protocol, 

progression or death before day 28. The CR/PR28 rate in the high-dose steroids only 

group is assumed to be about 30%. In order to detect with 80% power (two-sided 

significance level α = 0.05) an improvement of CR/PR28 to 60%, 98 patients should 

be randomized 1:1 between the two treatment arms. This number almost equals the 

20% of the 500 patients in R1 supposed to be entered in R2. 

 

Amendment 1, October 10, 2013 

Design has not changed 
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Amendment 2, May 17, 2011 

Design has not changed 

 

Amendment 3, March 13, 2012 

Due to poor inclusion in the R2 randomization, this randomization was closed for 

further accrual. New design: 
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Amendment 4, July 17, 2013 

We added a third arm to the R1 randomization, with high dose posttransplant 

cyclophosphamide combined with a short course of cyclosporine A as GVHD 

prophylaxis.  

Important: the original primary endpoint for the R1 randomization was maintained. 

 

New design: 
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Sample size calculation 

For the primary endpoint, patients will be considered a success if only non-severe 

GVHD has been observed within 180 days post-transplant, without having received 

any treatment other than preemptive DLI or stem cell boost and not specified in the 

protocol (e.g., reinduction chemotherapy). All other patients will be considered a 

failure; among those - but not restricted to - patients without any GVHD within 180 

days following transplantation, with acute GVHD grade II with gut infiltration or 

grades III-IV or chronic GVHD requiring systemic treatment or death before any 

GVHD. As treatment is the same in treatment arms 1 and 2 during the first 28 days, 

patients with a failure until 28 days posttransplant will be excluded from the primary 

analysis. This will therefore also be done for patients in arm 3. It is assumed that 

about 35% of the patients assigned to the standard IS scheme will attain only non-

severe GVHD within 180 days following the allogeneic SCT, i.e., PG180 = 35%.  

- For the comparison between arms 1 and 2, in order to detect with 80% power an 

increase of PG180 to 50% (two-sided significance level α = 0.05), 366 patients 

randomized 1:1 between the standard and time-restricted IS scheme will be 

required.  

- For the comparison between arms 1 and 3 in order to detect with 80% power an 

increase of PG180 from 35% to 60% (two-sided significance level α = 0.05), 156 

patients randomized 1:2 between the standard IS scheme (n=52) and the post-

transplant cyclophosphamide regimen (n=104) will be required, which will also 

imply another 52 in arm 2, because the actual randomization will be arm 1 : arm 2 

: arm 3 = 1:1:2. 
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As of June 4, 2013, a total number of 238 patients have been randomized between 

arms 1 and 2. As soon as the amendment will be approved, patients will be 

randomized 1:1:2. If this would be achieved around September 2013, then the total 

number of patients randomized in arms 1 and 2 will be about 270. Together with the 

156 + 52 patients, this would sum up to 478. The number of patients for the 

comparison arm 1 vs arm 2 would then be 270 + (2 x 52) = 374, which is more than 

the required 366. In order to overcome possible dropout due to non-eligibility, no 

transplant or failures before day 28 post-transplant, 500 patients will be randomized. 

 

Amendment 5, April 22, 2014 

Arm 3 post-transplant cyclophosphamide: Cyclosporine A treatment has been 

extended to +70 days 
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Supplementary text: Disease status at transplantation 

 

All patients diagnosed with acute leukemia were in a complete remission prior to 

transplant. In case of chronic myeloid leukemia, patients were transplanted in either 

first or second chronic phase. Patients diagnosed with chronic lymphocytic leukemia, 

non-Hodgkin’s lymphoma and multiple myeloma had to be at least in partial 

remission upon (re)induction therapy whereas responsive disease was sufficient in 

case of Hodgkin’s lymphoma. Patients suffering from myelodysplastic syndrome and 

myeloproliferative disease were either transplanted upfront without preceding 

treatment or after one or two courses of chemotherapy depending on the disease 

burden before transplant. 

 

 

Supplementary text: Supportive care 

 

All patients received transfusions of irradiated red blood cells and platelets.  

Anti-infectious prophylaxis consisted of trimethoprim-sulfamethoxazole (in case of 

intolerance: pentamidine inhalation or atovaquone) and (val)acyclovir. In case of 

prolonged neutropenia and mucositis due to the conditioning regimen, antibacterial 

and antifungal prophylaxis were administered according to local policy. All 

cytomegalovirus (CMV) seropositive patients and/or recipients of CMV seropositive 

transplants were monitored by a plasma DNA assay. The threshold level to start 

preemptive therapy was according to center policy.  
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Supplementary text: Serial measurements 

 

Evaluation of treatment response were performed at 3, 6, 12 and 24 months after 

transplantation. Evaluation of acute and chronic graft-versus-host disease (GVHD), 

and adverse events was performed every month during the first year after 

transplantation and every six months in the subsequent years until five years after 

transplantation.  
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Supplementary Figure S1: Patient disposition flow chart 
 
 
 
 
 
 
 
 
 
 

  

 

 
 
 
 
 

 

 

 

 

 

CsA denotes cyclosporine A, MPA mycophenolic acid, PT-Cy posttransplant cyclophosphamide, and 
GVHD graft-versus-host disease 

 

 

 

 

 

 

 

 

 

Randomized (n=160) 

Treatment assigned: CsA/MPA (n=55) 
    Progression/relapse (n=2) 
    Patient refused transplantation (n=1) 
 
 

Treatment assigned: PT-Cy/CsA (n=105) 
    Progression/relapse (n=3) 
    Died before start conditioning (n=2) 
    Ineligible due to insufficient ejection fraction (n=1) 

Treated (n=99) Treated (n=52) 

Normal completion of protocol (n=10) 
Progression/relapse (n=5) 
Death (n=1) 
Excessive toxicity (n=2) 
Development of GVHD requiring systemic treatment (n=33) 
Other (n=1) 
 
 

Normal completion of protocol (n=40) 
Progression/relapse (n=10) 
Death (n=4) 
Major protocol violation (n=2) 
Development of GVHD requiring systemic treatment (n=39) 
Other (n=4) 
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Supplementary Table S1: Acute GVHD-grading according to the updated 
Glucksberg classification (1) (2) 

 
Stage Skin rash Liver  

Total bilirubin (µmol/L) 
Intestinal tract 
Diarrhea (mL/day) 

1 <25% 34-50 500-1000* 

2 25-50% 50-102 1000-1500 

3 >50% 102-255 >1500 

4 Generalized erythroderma with bullae >255 Severe pain/ileus 
*or persistent nausea with histological evidence of GVHD in the stomach or duodenum 
 
 

Grade  

I Skin: stage 1-2; no liver or gut involvement 

II Skin: stage 3 or liver: stage 1 or gut; stage 1 

III Liver: stage 2-3 or gut: stage 2-4 

IV Skin or liver: stage 4 
 
 
GVHD denotes graft-versus-host disease 
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Supplementary Table S2: Seattle classification for limited and extensive chronic 
GVHD (3)  

 

Limited 
Either or both: 

1. Localized skin involvement 
2. Hepatic dysfunction due to chronic GVHD 

 
Extensive 
Either 

1. Generalized skin involvement, or 
2. Localized skin involvement and/or hepatic dysfunction, due to chronic GVHD, plus: 

a. Liver histology showing chronic aggressive hepatitis, bridging necrosis, or cirrhosis, or 
b. Involvement of eye (Schirmer’s test with < 5mm wetting), or 
c. Involvement of minor salivary glands or oral mucosa demonstrated on labial biopsy, or 
d. Involvement of any other target organ 

 
 
 
GVHD denotes graft-versus-host disease 
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Supplementary Table S3: Conditioning regimens 

Conditioning regimen CsA/MPA  
(N=52) 

PT-Cy/CsA 
(N=99) 

Bu/Flu 1 (2%) 1 (1%) * 
Cy/Flu 6 (12%) - 
Cy/Flu/TBI 2 (4%) 98 (99%) 
Cy/TBI 2 (4%) - 
Flu/TBI 41 (79%) - 

Bu denotes busulfan, Cy cyclophosphamide, TBI total body irradiation, Flu fludarabine, CsA 
cyclosporine A, MPA mycophenolic acid, and PT-Cy posttransplant cyclophosphamide 

*Conditioning regimen adapted to busulfan and fludarabine because of a history of high-dose 
radiotherapy of the nasopharynx prohibiting additional TBI. 

Conditioning regimens:  
 
Bu/Flu  
busulfan 1.6 mg/kg day -7 and 3.2 mg/kg days -6 and -5 
fludarabine 30 mg/m2 days -7 to -3 
or 
busulfan 0.8 mg/kg qid days -3 and -2 
fludarabine 40 mg/m2 days -5 to -2 
 
Cy/Flu 
cyclophosphamide 500 mg/m2 days -6 to -2 
fludarabine 25 mg/m2 days -6 to -2 
 
Cy/Flu/TBI 
cyclophosphamide 14.5 mg/kg days -6 and -5 
fludarabine 30 mg/m2 days -6 to -2 
total body irradiation 2 Gy day -1  
  
Cy/TBI 
cyclophosphamide 60 mg/kg days -5 and -4 
total body irradiation 5 or 6 Gy days -2 and -1  
 
Flu/TBI 
fludarabine 30 mg/m2 days -5 to -3 
total body irradiation 2 Gy day -1  
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Supplementary Table S4: CTCAE grade 3-5 adverse events within six months 
posttransplantation 

 
 

 CsA/MPA  
(N=52) 

PT-Cy/CsA  
(N=99) 

Adverse event - no. of patients (%) 
  CTCAE* 

 

grade 3 

 

grade 4-5† 

 

grade 3 

 

grade 4-5‡ 

Any  18 (35) 4 (8) 44 (44) 16 (16) 

Infection 11 (21 - 36 (36) 5 (5) 

Metabolic/laboratory 5 (10 3 (6) 13 (13) 3 (3) 

Gastrointestinal 9 (17) - 6 (6) - 

Cardiac 2 (4) - 1 (1) 2 (2) 

Pain 1 (2) - 1 (1) - 

Neurology 2 (4) - 4 (4) 1 (1) 

Blood/bone marrow 3 (6) 1 (2) 4 (4) 3 (3) 

Constitutional symptoms 2 (4) - 2 (2) - 

Pulmonary/upper respiratory 2 (4) 1 (2) 2 (2)  3 (3) 

Dermatology/skin - - 1 (1) - 

Ocular/visual - - 1 (1) - 

Vascular - - 2 (2) - 

Musculoskeletal/soft tissue - - 1 (1) - 

Renal/genitourinary - - 2 (2) 1 (1) 

Allergy/immunology - - 2 (2) - 

Hemorrhage/bleeding 1 (2) - - 1 (1) 

Lymphatics - - - - 

Syndromes - - 1 (1) 1 (1) 

Auditory/ear 1 (2) - - - 

Endocrine - - 1 (1) - 

Hepatobiliary/pancreas 1 (2) - - - 

Coagulation - - 1 (1) - 

Sexual/reproductive function - - - - 

 
CTCAE denotes Common Toxicity Criteria for Adverse Events, CSA cyclosporine A, MPA 
mycophenolic acid, and PT-Cy posttransplant cyclophosphamide. 
*Adverse events were scored according to the NCI Common Terminology Criteria for Adverse Events 
(CTCAE) version 3.0.  
†No CTCAE grade 5 events were reported. 
‡Three CTCAE grade 5 events were reported including septic shock, CNS hemorrhage and 
encephalopathy.  
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Supplementary Table S5: Causes of death 

 

 CsA/MPA  
(N=52) 

PT-Cy/CsA 
(N=99) 

Dead – no. 16 37 
Cause of death – no. (%) 
  Hematological disease 
  GVHD 
  Infection 
  Organ failure 
  Secondary malignancy 
  Hemorrhage 
  Other 

 
9 (56) 
5 (31) 

- 
1 (6) 

- 
- 

1 (6) 

 
23 (62) 
4 (11) 
2 (5) 
1 (3) 
1 (3) 
1 (3) 
5 (14) 
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