
Time without transfusion reliance: a novel patient-centric 
metric for new therapies in myelodysplastic syndromes

Myelodysplastic syndromes (MDS) are clonal myeloid ma-
lignancies associated with ineffective hematopoiesis, con-
sequent cytopenias, and for many progression to acute 
myeloid leukemia (AML), which is associated with short-
ened survival and worse health-related quality of life 
(HRQoL).1,2 Most patients with MDS are affected by anemia 
and its attendant symptoms, which can lead to blood 
transfusion dependency. Blood transfusions can be bur-
densome, costly, and are major contributors to poor 
HRQoL in patients with MDS.2,3 
The efficacy of new therapies in MDS should be evaluated 
using both standardized measures of response rates and 
overall survival (OS), along with outcomes reflecting pa-
tient experience, including disease symptoms and 
HRQoL.4 However, the demonstration of treatment benefit 
through patient-reported outcomes (PRO) has been chal-
lenging in the evaluation of novel therapies in hematologic 
malignancies. Some of the limitations of PRO in hemato-
logic malignancy trials to date include lack of good quality 
HRQoL data, suboptimal timing of assessment of HRQoL 
methods, use of weak HRQoL instruments, low com-
pliance over time of patients enrolled on prospective 
clinical trials, and inadequate statistical analyses.1,2 
Further, HRQoL measures do not distinguish between dif-
ferent causes of anemia in MDS, so similar HRQoL may be 
observed due to improvement of anemia from treatment 
versus continued red blood cell (RBC) transfusions. To 
date, analyses pertaining to RBC transfusions largely in-
clude descriptions of the number of transfused units re-
ceived or aggregated assessments estimating the duration 
of transfusion-independence for each patient. Such ap-
proaches do not account for possible differential follow-
up resulting from unbalanced efficacy between trial 
treatment arms, such as disease progression or OS, thus 
confounding treatment arm comparisons.  
We propose a new aggregated measure combining clinical 
outcomes (OS, transformation to AML) and transfusion-
dependency: the time without transfusion reliance 
(TWiTR) approach, inspired by the time without symptoms 
and toxicity (TWiST) analysis.5,6 In TWiST analyses,6-8 
periods of treatment toxicity and disease progression as-
sumed to reduce HRQoL are subtracted from the OS time 
for each patient. Similar to the TWiST approach, the TWiTR 
analysis subtracts periods of time from the OS of each 
patient when HRQoL is assumed to have deteriorated: i) 
the time period when patients experience disease pro-
gression and ii) the time period when patients are trans-
fusion-dependent. Hence, three health states are defined 

in the TWiTR analysis: a transfusion dependence (TD) 
state that is defined as the sum of all TD periods experi-
enced by the patient (replacing the toxicity state in the 
TWiST approach); a relapse (REL) state that is defined as 
the time between disease progression and death; and the 
TWiTR state that is defined as the time without TD or REL. 
Health state durations (OS or event-free survival [EFS] 
minus TD and REL) are then calculated using Kaplan-
Meier estimates. The mean duration in each state can be 
estimated by the area under each survival curve obtained 
with Kaplan-Meier estimates9 and can be weighted using 
a utility value, which can be derived from any utility-based 
instrument, attached to each state to obtain a quality-ad-
justed TWiTR (Q-TWiTR) that reflects both the duration of 
each state, and the corresponding HRQoL experienced by 
patients in this state.5,7,9 A bootstrap approach10 can be ap-
plied to estimate the 95% confidence interval (CI) for the 
mean Q-TWiTR for each arm and mean Q-TWiTR differ-
ence between arms. 
The TWiTR approach was implemented in the context of a 
randomized phase II study of pevonedistat plus azacitidine 
(PEVO+AZA) versus azacitidine (AZA) alone in higher-risk 
MDS (HR-MDS), chronic myelomonocytic leukemia (CMML), 
and low-blast AML naïve to hypomethylating agents (P-
2001; clinicaltrials.gov Identifier: NCT02610777 11). The pri-
mary endpoint of the study was EFS, defined as 
transformation to AML or death for HR MDS/CMML, or 
death for low-blast AML, which was used to define the 
health states in the TWiTR analysis. The P-2001 study in-
cluded two HRQoL measures: the European Organisation 
for Research and Treatment of Cancer (EORTC) Quality of 
Life Questionnaire-Core 30 items (QLQ-C30), an instru-
ment designed for use in a wide range of cancer patient 
populations;12 and the EQ-5D-5L, a self-administered in-
strument developed for use as a generic, preference-
based measure of health outcomes, from which utilities 
can be derived.13 
The P-2001 study enrolled 120 patients in a 1:1 randomiza-
tion (PEVO+AZA: n=58, AZA: n=62). Of the total enrolled pa-
tients, 63 patients with HR-MDS had an HRQoL assessment 
at baseline, and at least one post-baseline HRQoL assess-
ment. HRQoL measures were associated with different clini-
cal outcomes independently of treatment arms (e.g., 
improved HRQoL in patients experiencing a complete re-
mission compared to baseline; worse HRQoL in patients 
whose MDS transformed to AML); however, the HRQoL 
measures were similar between both treatment arms 
(PEVO+AZA vs. AZA) (Online Supplementary Figure S2).1, 11 
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In this study, the TD state was defined according to the 
2006 International Working Group response criteria in 
MDS,14 which defines TD as any transfusion (blood or pla-
telets) within an 8-week period. In order to calculate the 
duration of the TD state while incorporating multiple epi-
sodes of TD during the follow-up period, the number of 
days of all TD periods after the start of treatment and be-
fore death or disease progression were summed. Thus, a 
TD period started at the first transfusion of a series of 
transfusions and ended after a period of 8 weeks without 
any transfusion. An ongoing TD period at the time of death 
or disease progression ended at the date of the event (On-
line Supplementary Figure S1). 

The TWiTR analysis was conducted in the subpopulation 
of HR-MDS patients. The TD state was defined as the 
total of TD periods from the start of treatment period and 
before transformation to AML or death (EFS). The REL 
state was defined as the time between EFS and death 
(OS). The TWiTR state was defined as the time without 
TD or REL (i.e., EFS minus TD). For each arms, Kaplan-
Meier curves were calculated for each health state to 
partition the OS time. The mean time spent by patients 
in each state was estimated using the area under the Ka-
plan-Meier curve. The observed utility values for each 
health state (TD, REL, and TWiTR) were calculated in HR-
MDS patients. The TWiTR analysis revealed that HR-MDS 

Health state
PEVO+AZA 

(N=31)
AZA 

(N=32)
Difference PEVO+AZA vs. AZA

Duration in each state in months, 
mean (95% CI*) 

TD 
TWiTR 
REL

 
 

5.0 (3.1-7.0) 
16.0 (13.2-18.8) 
 1.8 (-1.5 to 5.1)

 
 

5.3 (3.2-7.5) 
11.2 (8.2-14.3) 

 2.9 (-0.8 to 6.6)

 
 

-0.3 (-3.2 to 2.5) 
 4.8 (0.7-8.9) 

-1.1 (-6.0 to 3.8)

Table 1. Mean duration (in months) of transfusion dependence, time without transfusion reliance and relapse health states of the 
time without transfusion reliance analysis in the high-risk myelodysplastic syndromes subpopulation from the P-2001 study (n=63).

*95% CI: 95% confidence interval estimated using a bootstrap approach; AZA: azacitidine arm; PEVO+AZA: pevonedistat+azacitidine arm; TD: 
transfusion dependence; TWiTR: time without transfusion reliance; REL: relapse. Difference PEVO+AZA vs. AZA: difference in mean duration 
in months between pevonedistat+azacitidine arm and azacitidine alone arm for each health state of the TWiTR analysis.

Figure 1. Partitioned survival plot of the transfusion dependence, time without transfusion reliance and relapse states in high-
risk myelodysplatic syndromes subpopulation from the P-2001 study who had a patient-reported outcome assessment at base-
line and at least one post-baseline assessment (N=63). TD: transfusion dependence; TWiTR: time without transfusion reliance; 
REL: relapse.
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patients in the PEVO+AZA arm had a significantly longer 
duration of TWiTR compared with the AZA arm (Table 1: 
mean TWiTR duration 16.0 months vs. 11.2 months, respect-
ively). As the mean TD duration was similar in both arms, 
for this study the TWiTR benefit was largely driven by a 
longer EFS in the PEVO+AZA arm (Table 1). Additionally, the 
mean EQ-5D-5L utility value was higher for the TWiTR state 
than for the TD and REL states (mean EQ-5D-5L utility 
value of 0.82 in TWiTR state vs. 0.77 in TD and REL states), 
suggesting that transfusion dependence may have 
negatively impacted HRQoL in MDS regardless of treatment. 
The partitioned survival plot from the TWiTR approach pro-
vides an overall picture of the duration in months in each 
health state in the HR-MDS subpopulation (Figure 1). 
In conclusion, we have demonstrated a “proof of con-
cept” application of the novel TWiTR analysis, a promis-
ing, innovative, patient-centered metric for the evaluation 
of new therapies for MDS in which transfusion depend-
ence is clinically burdensome. TWiTR analysis involves a 
rigorous methodology that can be used as an assessment 
for the evaluation and comparison of novel treatment 
strategies in MDS and may serve as an effective comple-
ment to well-designed HRQoL analyses. Transfusion in-
dependence is a critical endpoint for improving the 
HRQoL of patients with MDS, even though hematologic 
improvement/transfusion independence may not always 
be included as an endpoint in HR-MDS clinical trials. 
Further application and investigation of TWiTR is war-
ranted to determine its utility in MDS. Additionally, the 
TWiTR analysis can be potentially applied to prospective 
studies in lower-risk MDS in which transfusion indepen-
dence and HRQoL may be the ultimate goal.15  

Authors 

Joshua F. Zeidner,1 Flora Mazerolle,2 Jonathan Norton,3 Antoine 

Regnault,2 Fjoralba Kristo,3 Heather Romero,3 Robert J. Fram,3 

Douglas V. Faller,3 Mehul Dalal,3 Lionel Ades4,5 and Mikkael A. 

Sekeres6  
 
1University of North Carolina, Lineberger Comprehensive Cancer 

Center, Chapel Hill, NC, USA; 2Modus Outcomes, a division of 

THREAD, Lyon, France; 3Millennium Pharmaceuticals, Inc. a wholly 

owned subsidiary of Takeda Pharmaceutical Ltd. Company, 

Cambridge, MA, USA; 4AP-HP, Hôpital Saint Louis, Paris, France; 
5University of Paris, INSERM U944, Paris, France and 6Sylvester 

Comprehensive Cancer Center, University of Miami, Miami, FL, USA 

 

Correspondence:  

J.F. ZEIDNER - joshua_zeidner@med.unc.edu 

 

https://doi.org/10.3324/haematol.2022.281856 

Received: July 28, 2022. 

Accepted: November 28, 2022. 

Early view: December 7, 2022. 
 

©2023 Ferrata Storti Foundation 

Published under a CC BY-NC license  
 

Disclosures 

JFZ has received consulting fees from AbbVie, Gilead, and Servier; 

honoraria from advisory boards from AbbVie, Bristol Myers Squibb, 

Daiichi Sankyo, Genentech, Gilead, Immunogen, Servier, Shattuck 

Labs; research funding from AbbVie, Arog, ASTEX, Gilead, Merck, 

Stemline, Sumitomo Dainippon Pharma, and Takeda. AR and FM are 

employees of Modus Outcomes, a division of THREAD, which received 

payment from Millennium Pharmaceuticals, Inc., Cambridge, MA, a 

wholly-owned subsidiary of Takeda Pharmaceutical Ltd. Company. JN, 

FK, HR, RJF, DVF, and MD are all employees of Millennium 

Pharmaceuticals, Inc., a wholly-owned subsidiary of Takeda 

Pharmaceutical Ltd. Company. RJF is an equity holder of Takeda, BMS, 

Baxter, Pfizer, Gilead, Teva, Viatris, Medtronics, Zimmer Biomet Hldgs 

Inc, and Zimvie Inc. DVF discloses stock options in Viracta 

Therapeutics, Inc., Briacell, Inc.; former employment, and membership 

on an entity's board of directors or advisory committees at Viracta 

Therapeutics, Inc. LA discloses research funding from Celgene, Jazz; 

honoraria from Jazz, Takeda, Celgene/BMS, Novartis, AbbVie. MAS 

discloses membership on an entity's board of directors or advisory 

committees for BMS, Takeda/Millenium and Novartis. 

 

Contributions 

All authors had substantial contribution in the drafting of the 

manuscript content and its critical revision; JFZ, JN, AR, LA and 

MAS conceived the analysis; AR designed the analysis, contributed 

to the conduct of the analysis, and interpreted the analysis; FM, JN, 

FK, HR and MD contributed to the design and the interpretation of 

the analysis; FM conducted the analysis. 

 

Acknowledgments 

The authors wish to acknowledge and thank all the patients for 

participating in P-2001 study, as well as the investigators and the 

staff at all clinical sites. Lori Bacarella (Modus Outcomes) provided 

editorial support, which was funded by Millennium 

Pharmaceuticals, Inc., Cambridge, MA, a wholly owned subsidiary of 

Takeda Pharmaceutical Ltd. Company.  

 

Funding 

This work and the P-2001 study were funded by Millennium 

Pharmaceuticals, Inc., Cambridge, MA, a wholly owned subsidiary of 

Takeda Pharmaceutical Ltd. Company. 

 

Data-sharing statement 

The datasets, including the redacted study protocol, redacted 

statistical analysis plan, and individual participants data supporting 

the results reported in this article, will be made available within 3 

months from initial request, to researchers who provide a 

Haematologica | 108 April 2023 
1198

LETTER TO THE EDITOR



methodologically sound proposal. The data will be provided after its 

de-identification, in compliance with applicable privacy laws, data 

protection and requirements for consent and anonymization.  

Data requests should follow the process described in the data-

sharing section on https://clinicaltrials.takeda.com/ and 

https://vivli.org/ourmember/takeda/.

References

   1. Zeidner JF, Mazerolle F, Bell JA, et al. Randomized phase 2 trial 
of pevonedistat plus azacitidine versus azacitidine in higher-risk 
myelodysplastic syndromes/chronic myelomonocytic leukemia 
or low-blast acute myeloid leukemia: exploratory analysis of 
patient-reported outcomes. Blood. 2020;136(Suppl 1):S39-40. 

  2. Oliva EN, Platzbecker U, Fenaux P, et al. Targeting health-related 
quality of life in patients with myelodysplastic syndromes – 
current knowledge and lessons to be learned. Blood Rev. 
2021;50:100851. 

  3. Bell JA, Galaznik A, Blazer M, et al. Transfusion-free interval is 
associated with improved survival in patients with higher-risk 
myelodysplastic syndromes engaged in routine care. Leuk 
Lymphoma. 2019;60(1):49-59. 

  4. Cannella L, Caocci G, Jacobs M, Vignetti M, Mandelli F, Efficace 
F. Health-related quality of life and symptom assessment in 
randomized controlled trials of patients with leukemia and 
myelodysplastic syndromes: what have we learned? Crit Rev 
Oncol Hematol. 2015;96(3):542-554. 

  5. Gelber RD, Cole BF, Gelber S, Goldhirsch A. Comparing 
treatments using quality-adjusted survival: the Q-TWiST 
method. Am Stat. 1995;49(2):161-169. 

  6. Gelber RD, Goldhirsch A, Cole BF, Wieand HS, Schroeder G, 
Krook JE. A quality-adjusted time without symptoms or toxicity 
(Q-TWiST) analysis of adjuvant radiation therapy and 
chemotherapy for resectable rectal cancer. J Natl Cancer Inst. 
1996;88(15):1039-1045. 

   7. Oza AM, Lorusso D, Aghajanian C, et al. Patient-centered 
outcomes in ARIEL3, a phase III, randomized, placebo-
controlled trial of rucaparib maintenance treatment in patients 

with recurrent ovarian carcinoma. J Clin Oncol. 
2020;38(30):3494-3505. 

  8. Patil S, Figlin RA, Hutson TE, et al. Q-TWiST analysis to estimate 
overall benefit for patients with metastatic renal cell carcinoma 
treated in a phase III trial of sunitinib vs interferon-α. Br J 
Cancer. 2012;106(10):1587-1590. 

  9. Billingham LJ, Abrams KR, Jones DR. Methods for the analysis 
of quality-of-life and survival data in health technology 
assessment. Health Technol Assess. 1999;3(10):1-152. 

 10. Efron B, Tibshirani RJ. An introduction to the bootstrap.  
New York (NY): CRC press; 1994. 

  11. Sekeres MA, Watts J, Radinoff A, et al. Randomized phase 2 trial 
of pevonedistat plus azacitidine versus azacitidine for higher-
risk MDS/CMML or low-blast AML. Leukemia. 
2021;35(7):2119-2124. 

 12. Aaronson NK, Ahmedzai S, Bergman B, et al. The European 
Organization for Research and Treatment of Cancer QLQ-C30: a 
quality-of-life instrument for use in international clinical trials 
in oncology. J Natl Cancer Inst. 1993;85(5):365-376. 

 13. Group TE. EuroQol-a new facility for the measurement of 
health-related quality of life. Health Policy. 1990;16(3):199-208. 

 14. Cheson BD, Greenberg PL, Bennett JM, et al. Clinical application 
and proposal for modification of the International Working 
Group (IWG) response criteria in myelodysplasia. Blood. 
2006;108(2):419-425. 

 15. Zeidan AM, Platzbecker U, Garcia-Manero G, et al. Longer-term 
benefit of luspatercept in transfusion-dependent lower-risk 
myelodysplastic syndromes with ring sideroblasts. Blood. 
2022;140(20):2170-2174.

Haematologica | 108 April 2023 
1199

LETTER TO THE EDITOR


